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Presenter
Presentation Notes
Before I start I would like to thank the organizers for inviting me to present, and also Drs. Godoy and Swanson for their contributions to the talk. As XX indicated I will be discussing nutrigenomics in the context of obesity.  
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Introduction

• Obesity
• Nutrigenetics and Nutrigenomics

Presenter
Presentation Notes
I hope you will come away today with an idea of the implications of obesity for our pets and the potential for application of nutrigenomics to understanding this disorder.  
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Obesity

• Mortality:
– Decreased lifespan 

• Morbidity:
– Endocrine, orthopedic, reproductive, 

urogenital, and neoplastic disorders

• Prevalence:  
– More than 50% of dogs and cats are at 

least 15 to 30% greater than their ideal BW.  

Kealy et al., 2002; Larson et al., 2003; German, 2006; Calabash, 2011 

Presenter
Presentation Notes
At the most basic, obesity is an excess of body fat due to animal eating more energy than it requires.  # of overweight and obese pets, and rate at which they are becoming overweight and obese are outstanding  Phenomenon of the last 30 to 40 years.  Populations of pets at the very least 25% overweight and obese, and in some cases up to 60%.  So it is a big problem.  Most common nutrition disorder impacting pets, and when you look at all disorders, overweight is 2nd only to dental disease.Part of the issue is that for the most part pet owners consistently underestimate condition of their pets, i.e., don’t see their pet as being overweight or obese.  But even when pet owners recognize their pet is overweight or obese, they do not associate it with negative health affects.   Society almost uses the term “Fat Cat” term of endearment, but in reality obesity is not a cuddly trait.Diabetes particularly in cats, type II strongly related to obesity.  Higher incidence of certain types of cancer. Joint diseases i.e., osteoarthritis increased and severity is worse for animals in obese state.  Most importantly overweight and obese cats and dogs do not live as long as pets at healthy weight – significant and profound effect on how long pets live.  
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Risk Factors

German, 2006

Presenter
Presentation Notes
I am not going to spend much time going over these risk factors as I am sure most of you are familiar with them, but I do want to draw your attention to the first few…** We have control of what they eat ** we can make sure they do not become overweightWe should focus on this fact.Pet obesity is in most cases a human behavioral problem, not a nutritional disease.  That being said, failure rate for weight reduction and rebound of weight gain are similar to those for humans - Even very small excess energy intake - 1 to 2 % - can result in overweight and obesity overtime. Aspects inherent to the pet food industry which contribute to obesity: Energy density – easier to overfeed calories for energy dense dietsEnergy values on pet food packages and the translation of those into the energy requirements of the pet.   Basically, even though pet food itself doesn’t make pets fat, there is a responsibility of the industry to address the issue as best we can.
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Risk Factors
• Ad lib or free choice
• # of meals or snacks
• Inactivity and confinement
• Underestimation of BCS
• Spay / Neuter
• Age
• Breed
• Genetic defects
• Diseases
• Pharmaceuticals

German, 2006

What about 
pet food 
itself?

Presenter
Presentation Notes
I am not going to spend much time going over these risk factors as I am sure most of you are familiar with them, but I do want to draw your attention to the first few…** We have control of what they eat ** we can make sure they do not become overweightWe should focus on this fact.Pet obesity is in most cases a human behavioral problem, not a nutritional disease.  That being said, failure rate for weight reduction and rebound of weight gain are similar to those for humans - Even very small excess energy intake - 1 to 2 % - can result in overweight and obesity overtime. Aspects inherent to the pet food industry which contribute to obesity: Energy density – easier to overfeed calories for energy dense dietsEnergy values on pet food packages and the translation of those into the energy requirements of the pet.   Basically, even though pet food itself doesn’t make pets fat, there is a responsibility of the industry to address the issue as best we can.
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Scherer, Nature Med.

Presenter
Presentation Notes
Obesity is a complex disorder.  Chronic inflammation, insulin resistance and glucotoxicity, dyslipidemia and lipotoxicity are characteristic.  Obesity impacts every biological system in our body.  



7

Some Obesity Related 
Metabolic Abnormalities

Presenter
Presentation Notes
Ultimately, obesity is modifying the expression of our genetic information, modifying the metabolic pathways, to result in the phenotypic outcomes – insulin resistance, oxidative stress, inflammation, etc.  
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Nutrition and Obesity
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Individualized Nutrition

Focused nutritional therapy: 
• Species-based
• Breed-based
• Disease state
• Individual

=
Nutritional 
Phenotype

Genetics

Environment

Presenter
Presentation Notes
Genetic make up and the diet interact to influence and determine the nutritional phenotype. E.g.  Different alleles of the same gene may interact differently with certain nutrientsIf we consider that no two pets have the same genetic make up, hypothetically then one could say that each pet should have different nutrient requirements to optimize health – thus each should have a diet that would be tailored to their genetic make up.  While I am sure we would all appreciate the revenue stream this would mean, we are still a long way off from this level of individualized nutrition.  Much more realistic in the near future are species-based i.e., in this case, knowing the differences between say humans and dogs or cats (atherosclerosis), or  even differences between dogs and cats themselves (type II diabetes in cats).  Understanding these allows us to determine what is driving those differences and identifies what potential targets or areas that are not of concern. You can understand too how understanding differences between susceptible breeds, or impacts of co-morbidities can come into play as well.  And that we may have more targeted nutrition as we gain better understanding of differences.  
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Nutrigenetics

What is the difference 
at the genetic level 

that determines 
a response?

Presenter
Presentation Notes
With nutrigenetics we are trying to answer the question: “What is the difference at the genetic level that determines a response?”  In other words under the same nutritional stimuli, the body may act differently (e.g., some cats remain lean while others become obese).  And the goal is to understand how genetic variation or polymorphisms determine that outcome.  
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Nutrigenomics

How does a nutritional factor influence 
genetic expression?

• Can we modify the system to prevent or delay the 
onset or severity of obesity, and optimize health?  

Presenter
Presentation Notes
Nutrigenomics on the other hand asks how does a nutritional factor influence genetic expression?   At first this may seem like the same question, but really we are looking at the modification of nutritional stimuli (i.e., diet, or diet induced disease) and how that affects expression of metabolic pathwaysParticular gene More global pictureIn this way we gain an increased understanding of the system.  For us then the goal becomes to modify the system to prevent or delay the onset or severity of obesity, and optimize pet health.  
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Omics Cascade
• Gene 

sequencing

• Patterns of gene 
expression

• Synthesis and 
structure of 
proteins

• Profile and 
function of 
metabolites

Presenter
Presentation Notes
Just to give you an idea of the areas we might examine in nutrigenomics and the terminology: Genomics – study of the gene sequences themselves  (not modifiable, but may be important for understanding results)Transcriptomics – is the study of the RNA, so how the pattern of gene expression is alteredProteomics – is the study of how synthesis and structure of proteins are modified And finally, Metabolomics is the study of the profile of sugars, nucleotides, amino acids, lipids are modified 
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Recent Advances = New 
Research Opportunities

• Sequencing 
– Cat and dog genome
– High throughput sequencing techniques

• Transcriptome
– RT-PCR
– Dog microarray
– RNA seq

• Proteome & Metabolome
– Mass spectrometry 

Presenter
Presentation Notes
Sequencing of cat and dog genome = Homology with other speciesDevelopment of targeted assays to identify polymorphisms
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Research Questions

• Comparison to other species
– Hormones, peptides, mechanisms similar?

• Obese vs. lean 
– Identify potential targets 

• Biomarkers of obesity and obesity 
related disease 
– Prevention and treatment
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Research Questions

• Nutrition-based
– Requirements the same in obesity?

• Ameliorate
• Exacerbate 

– Appetite regulation 
– Mechanisms of functional foods

• Musts 
– Correlate changes to physiology
– Determine mechanisms
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Risk Factors
• Ad lib or free choice
• # of meals or snacks
• Inactivity and confinement
• Underestimation of BCS
• Spay / Neuter
• Age
• Breed
• Genetic defects
• Diseases
• Pharmaceuticals

German, 2006

Presenter
Presentation Notes
Just to give you some examples of how we might identify nutritional interventions of interest…think again about the risk factors I presented earlier
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Risk Factors
• Ad lib or free choice
• # of meals or snacks
• Inactivity and confinement
• Underestimation of BCS
• Spay / Neuter
• Age
• Breed
• Genetic defects
• Diseases
• Pharmaceuticals

German, 2006

→Appetite regulation

Characteristics of our pets

→Carnitine
→Estrogenic Flavonoids

→Exercise mimetic

Presenter
Presentation Notes
But instead think about these as characteristics of the pets we are feeding – For appetite regulation we might think of macronutrient composition, energy density.  Many of the pets are inactive – ingredients that target and induce the same genetic pathways as exerciseSpay and Neuter – Estrogen plays a role in energy intake, so what would happen if we use estrogenic compoundsCarnitine requirement may be increased in obesity, and it also tends to decrease with age – are there other compounds that decrease with age that may be of interest?  
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A few examples….

• Diet induced obesity
• Obese vs. lean dogs
• Green tea extract
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Diet Induced Obesity
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• Obesity 

Body weight

Diet Induced Obesity

Grant et al., 2011
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• Obesity 
– Increased in blood:  

• Leptin
• Triglycerides
• Non-esterified fatty acids
• Insulin

– Subcutaneous fat biopsy 
• mRNA expression

Diet Induced Obesity

Grant et al., 2011



22

Diet Induced Obesity

Grant et al., 2011
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Diet Induced Obesity

Adipose Gene Expression 

- 1,665 genes altered.  

Major Alterations: 
• Markers of oxidative stress
• Increased glucose metabolism
• Altered lipid metabolism
• Extracellular matrix. 

Signature for early weight gain 
is different than obese state.

Grant et al., 2011
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Obese vs. Lean Dogs

Presenter
Presentation Notes
7 neutered female beaglesHigh fat diet at 1.4 times NRC recommendationInsulin sensitivity decreased by 30%
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Obese vs. Lean Dogs
• 7 neutered female beagles

• Obese dogs 
– Fed at 1.4 times NRC recommendation 
– 140% starting BW
– Increased blood triglycerides, leptin, 

insulin
– Decreased blood adiponectin
– Decreased insulin sensitivity

Gayet et al., 2007

Presenter
Presentation Notes
7 neutered female beaglesHigh fat diet at 1.4 times NRC recommendationInsulin sensitivity decreased by 30%
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Obese vs. Lean Dogs

Gayet et al., 2007

AdiposeMuscle
PPAR-γ PPAR-γ

LPL

GLUT4

LPL

GLUT4

TNF-α

Leptin

Adiponectin

ObeseLean

Presenter
Presentation Notes
PPAR-Y increases insulin sensitivity by increasing exp of GLUT 4PPAR-Y stimulates storage and uptake of lipids by increasing exp of LPLPPAR-Y modulates expression of adipokynes 
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Green Tea Extract
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Green Tea Extract

• Monomeric polyphenols = catechins
– Epigallocatechin-3-gallate (EGCG)

• Potential role in obesity 
– Increased insulin sensitivity
– Lower adipose tissue weight
– Decreased hepatic lipid deposition
– Decreased inflammatory markers
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Green Tea Extract

• Enhanced: 

B-oxidation of fats (liver)
• Acyl-CoA oxidase
• Medium chain acyl-CoA dehydrogenase

Lipolysis, B-oxidation, and 
thermogenesis (adipose)
• CPT-1
• Uncoupling protein 1
• Uncoupling protein 2
• HSL
• Adipose triglyceride lipase

Insulin Sensitivity
• Adiponectin
• CD36
• IRS1
• IRS2
• GLUT1
• GLUT4
• Glycogen synthase 1

Data from other species
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• Inhibited: 
Adipogenic genes (Adipose)
• C/EBP-α
• SREBP-1c (also liver)
• Adipocyte fatty acid-binding 

protein
• FAS (also liver)
• SCD-1 (also liver)

FA synthesis (Liver)
• FAS
• Glycerol-3-phosphate acyltransferase
• SCD-1
• G6PDH

Green Tea Extract

Inflammation
• TNF-α
• IL-6

Data from other species
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Green Tea Extract

• Obese female dogs - BCS: 7 – 8 
• 12 wk treatment

– Green Tea (n = 6)
– Control (n = 4) 

• Green Tea Extract (80 mg/kg BW)
– 35.7 mg/g epicatechin
– 64.8 mg/g epicatechin gallate
– 20.2 mg/g epigallocatechin
– 153.1 mg/g EGCG

Serisier et al., 2008
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Green Tea Extract

• No change in BW
• Increased insulin sensitivity 
• Decreased plasma TAG 

Serisier et al., 2008
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Green Tea Extract
• Visceral adipose

PPAR-γ

LPL

Adiponectin

GLUT4

Serisier et al., 2008
Tea Control
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Some other studies:

• Dogs
– Nicotinic acid supplementation in obese 

dogs (Le Bloc’h et al., 2010)
– scFOS supplementation in obese dogs 

(Respondek et al., 2008)
– High fat vs. low fat diet (Kabir et al., 2005, 

2011)
– Weight loss – (Leray et al., 2008; Wakshlag

et al., 2011; Tvarijonaviciute et al., 2012)
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Some other studies:

• Cats
– Polyphenols and curcumin in obese cats (Leray

et al., 2011)
– High protein vs. moderate protein (Vester et al., 

2009b)
– Lean vs. obese (Hoenig et al., 2006; Mori et al., 

2009; Lee et al., 2011)
– Spay/neuter induced obesity (Belsito et a., 

2009; Vester et al., 2009a)

• Recent Review: 
– de Godoy and Swanson, 2013



36

Summary
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• Management of obesity will require 
an understanding of diet, genetics, 
obesity, and their interaction. 

• Recent developments in genomic 
research have improved
understanding at cell, tissue, and 
body level.  

• Huge potential impact. 
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• Potential for application to pet food 
– Need more research 

– Identify species differences

– Identify targets 
• Tissue
• Disease
• Physiological state

– Interaction with microbiota?

– Dietary interventions

Substances that may 
be of interest: 

- Fibers (scFOS)
- Green tea
- Curcumin
- Isoflavones
- Dried beans
- n-3 PUFA
- CLA
- L-Carnitine
- Carotenoids
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Thank You

Katherine R. Kerr

University of Illinois
Post-doctoral Research Fellow

1207 W. Gregory Dr. 
Urbana, IL 61801

Tel: 970-988-1386
Email: krkerr2@illinois.edu
CV: https://uofi.box.com/drkerr-cv

mailto:krkerr2@illinois.edu
https://uofi.box.com/drkerr-cv
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