Physiol Rev 85: 47-82, 2015
doi:10.1152/physrev.00007.2014

GENE-ENVIRONMENT INTERACTIONS
CONTROLLING ENERGY AND GLUCOSE
HOMEOSTASIS AND THE DEVELOPMENTAL
ORIGINS OF OBESITY

Sebastien Bouret, Barry E. Levin, and Susan E. Ozanne
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@y iiiik% 1.1 Obesity
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* Overweight is defined as a BMI of 25—29.9 kg/m?
* Obesity as a BMI of >30 kg/m2.

* The category of obesity is further divided into
subcategories of class | (BMI 30.0—-34.9 kg/m?2), class I
(BMI 35.0-39.9 kg/m?2), and class Il (BMI >40 kg/m?2) .

* Other: waist circumference, waist-hip ratio, as well as
percent body fat using DEXA, CT, and MRI.
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)ikt 1 2 Diabetes-1 and -2
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v Hemoglobin A1C of >6.5%, fasting plasma
glucose of 126 mg/dl

<

v’ 2h after a 75 g oral glucose tolerance test or a 18V EE RS

random plasma glucose measurement 200 T1DM
mg/dl
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BN 2. Prevalence and Associated Morbidity
‘J*n' NENAN NORMAL UNIVERSITY and Mortality Of ObeSity

v The prevalence of obesity and overweight in the United
States is high.

v'In 2007-2008, 32% of US men and 36% of US women
were obese, and an additional 40% of men and 28% of

women were overweight.

v’ Cardiovascular disease, T2DM, cancer, and respiratory

diseases.

v Obesity reduces life expectancy by 6—20 yr depending on

age and race.




A i ) 3. Genes xEnvironment Interactions:
4w Imprinting (Epigenetics) as a Concept

v'Although a number of common genetic susceptibility loci for
obesity and T2DM have been identified over the last decade, the
rapid rise in prevalence of these conditions in the last two
decades, a time frame which is not compatible with a change in
our genetic make-up, suggests that the environment in which

we live is an important determinant of obesity risk.

v'Highly processed foods that are high in saturated fat and

refined carbohydrates as well as reduced physical activity.

v?
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v'4.1 Early concepts of energy homeostasis regulation

v'4.2 The discovery of leptin and how it changed things

v'4.3 Early studies implicating the perinatal environment in the

pathogenesis of obesity and diabetes




O ULLI T AR Early concepts of energy homeostasis regulation

NEy. NENAN NORMAL UNIVERSITY

v'In 1940, Hetherington and
Ranson, VMH lesion

v'VMN and ARC

v'POMC, NPY, AgRP in the ¥ =X

ulus hypothalamu
(VMH)

regulation of energy and

glucose homeostasis were

recognized .




\ T i k% VMH was the “satiety center” and LHA was the “feeding center.”
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Whitix¥ 4.1 Early concepts of energy homeostasis regulation
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%

Fat gets stored

Kennedy, 1953




Ay b i ) B 4.2 The discovery of leptin and how it
‘M*'b NENAN NORMAL UNIVERSITY Changed things

1986 Lep®

In 19449, investigators at the Jackson 1966, Coleman and
Ob (now lep) colleagues

Db wouse (HERTH)

Ob mice lacked a circulating satiety factor and that db mice
overproduced that circulating factor but could not respond to it.

Positional cloning, 4.5 kb RNA
Friedman named the peptide “leptin”.




LT 4.2 The dlspovery of leptin and how it
“ 'f'l’-"" NENAN NORMAL UNIVERSITY Changed thlngs

Increased leptin is a 1. We Eat
signal to stop eating.

4. Brain ,sees”
Increased
Leptin

2. Fat Gets
Stored

3. Fat Cells
Secrete More
Leptin



N it ¥ 4.3 Early studies implicating the perinatal environment

v=z oo in the pathogenesis of obesity and diabetes

v'Early life environment in determining long-term health.

v'Death rates were most affected by the date of birth and not the
year of death.

v'Forsdahl demonstrating that geographical variations in
atherosclerotic disease were not associated with current
mortality rates but correlated strongly with past infant

mortality rates.



BN i ) %4.3 Early studies implicating the perinatal environment

w=z cononesnin the pathogenesis of obesity and diabetes

v'Dutch Hunger Winter

v'Low nutrient intake during early postnatal life actually reduced

the risk of obesity at age 19

Manipulation f 'itter size.
Appetite determined during the suckling period



B M i L B 4.3 Early studies implicating the perinatal environment

=z oot i the pathogenesis of obesity and diabetes

v'Barker and colleagues: a strong association Fetal Size
between birth weight and subsequent risk of

development of T2DM and other features of the

metabolic syndrome.

44 66 93 126 mm CRL

3 months 5 months

v'Lowest birth weight were around six times more
likely to have T2DM or impaired glucose tolerance
at age 64 compared with those individuals with the
highest birth weight.




E)TIAE Duteh hunger winter

* Maternal nutrition
* Long-term risk of T2DM

e Before and after Dutch hunger winter:
well-nourished population

* Dutch hunger winter: onset of the
famine and its short duration (5 mo)

(1944-19454F-1if = P4 &)
* At age 50, Worse glucose tolerance

Nature Communications
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Embryonic or fetal age (weeks) 3

Neural tube delects affect about
1in 1,000 pregnancies.

Heart defects are the most common
birth defect, afecting about 1 in every
100 10 200 babies.,

[ Indicates when damage from teratogens is likely to be greatest
[ indicates when damage from teratogens may be less severe




E)TEAE Duteh hungry winter

* Vulnerable developmental ™ i ﬂ'@
period in terms of long-term — ./ ( &
regulation of glucose 5 =) 5}"—? -
homeostasis.-late gestation < | Y

* Risk of cardiovascular
disease and obesity ---early
gestation

Nature Communications



TR Great Chinese Famine(1959-1961)

ORIGINAL ARTICLE

Exposure to the Chinese Famine in Early Life and the
Risk of Hyperglycemia and Type 2 Diabetes in Adulthood

Yanping Li,'? Yuna He,'* Lu Qi,>** Vincent W. Jaddoe,** Edith J.M. Feskens,” Xiaoguang Yang,'
Guansheng Ma,! and Frank B. Hu®**
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»5.1 The Central-Peripheral Conversation in the
Control of Energy and Glucose Homeostasis

» 5.2 Metabolic Sensing Neurons: the Basic
Integrators and Regulators of Glucose and Energy
Homeostasis

» 5.3 Homeostatic and Reward-Based Systems

Schwartz et al., 2003



g2 S5-1The Central-Peripheral Conversation in the
& o Control of Energy and Glucose Homeostasis

Medscapes www.medscape.com

% o
Energy
Expenditure » * Metabolic Rate A&Eﬁ?
. Physical Activity :
x * Insulin Leptin

Sourca: Diabetas & 2003 Amarican Diabetes Association, Inc.

Schwartz et al., 2003
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The brain is the controller of energy and glucose homeostasis.

Metabolic
signals

And neural
afferents

Schwartz et al., 2003



e diiji+# 5.1 The Central-Peripheral Conversation in the
v aoonoess Control of Energy and Glucose Homeostasis

Vagus nerve (X)
Jugular foramen
Pharyngeal nerve branches

Laryngeal branches
Carotid sinus

Lung

Heart
Spleen
Liver

Stomach
Kidney




N T A 7o g B 5.1 The Central-Peripheral Conversation in the
vz connesn Ccontrol of Energx and Glucose Homeostasis

stretch, pain
(N JIE)
Chemical sensor

neural sensing

Hormones, leptin,
inputs neurons

Insulin, ghrelin

glucose, free fatty /

acids, lactate, ketone
bodies, and cytokines
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v enonia s Regulators of Glucose and Energy Homeostasis

* In the 1950s Jean Mayer neurons in the
hypothalamus that sensed changes in glucose
oxidation as a means of regulating feeding.

e Until 1964 that Oomura identified such glucosensing
neurons.

 Glucose

* |actate, long-chain fatty acids, and ketone bodies as
alternate fuels in some instances

* sensing neurons: ambient extracellular levels of
glucose and other metabolic substrates are “sensed”




N A i ;@J,E% 5.2 Metabolic Sensing Neurons: the Basic Integrators and
stz oo ones - Regulators of Glucose and Energy Homeostasis

Glutamate

Ca*?

LACTATE
(0.7-1.2mM)

GE NEURON

Levin et al., 2004
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ennosaviers - Regulators of Glucose and Energy Homeostasis

ﬂ.:

ik .
;ﬂf‘ -tanycytes

Bz-tanyes \
5.5mM cns \

FIG. 1. Location of ARC and VMN neurons relative to blood, CSF, and

brain glucose levels. ARC neurons are potentially exposed to glucose

from the CSF, which diffuses across the pl-tanycytes lining the III™

cerebral ventricle; blood glucose, which diffuses across the fenestrated

capillaries in the median eminence; and glucose, which is transported

across the blood-brain barrier. Some of these neurons synapse with

VMN neurons, which are exposed primarily to glucose transported from )

blood and diffusing from CSF. Levin et aI., 2004
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f@N A+ % 5.2 Metabolic Sensing Neurons: the Basic Integrators and
s cononnnes Regulators of Glucose and Energy Homeostasis

* Many of these same VMH glucosensing neurons are
also fatty acid sensors.

* Fatty acid translocator/CD36 (which appears to act as
a receptor and may also be a transporter of fatty acids)
in many VMH neurons.

* Impairment of VMH , has no effect on energy
homeostasis.

* Depletion of VMH neuronal CD36 inhibits linear
growth as well as causes redistribution of fat stores
from visceral to subcutaneous adipose depots and
marked insulin resistance .




N i k? 5.2 Metabolic Sensing Neurons: the Basic Integrators and
v cononeoncrsy Regulators of Glucose and Energy Homeostasis

* Many of these same VMH glucosensing neurons
are also lactate, ketone bodies sensors.

* Lactate ketone bodies are produced by astrocytes.
* They are also respond to leptin, insulin and ghrelin.

* The network of brain areas containing these
metabolic sensors forms a distributed network
that functions as an integrated system.
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5.3 Homeostatic and Reward-Based Systems

neural circuits

B Homeostatic system B e -
Hedonic system
3
3 Py

Nutrionts TSR ra g
(glucose, fatty acids, ete.) ool T

Vagus nemve

Pancreas Adipose tissue

FIGURE 1. Major routee for regulaton of feeding and enargy balance. These simplified echematics dlustrate
tho nneoihlo o eal nohemrk o caloiinn mefahnlic cinnals feomtho norinbometn the brain Tho remclatnme offocto
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* GENETIC BASIS OF OBESITY

* PERINATAL ENVIRONMENT AND THE DEVELOPMENT
OF OBESITY AND T2DM

* GENE-ENVIRONMENT INTERACTIONS

* HOW CAN WE USE THIS INFORMATION TO PREVENT
AND TREAT OBESITY AND DIABETES?
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