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Lesson 7
Physical activity as
prevention of endocrine
disorders



EVIDENCE of INCREASED BMI

Prevalence in adolescents— obesity BMI >30 Kg/m?
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Figure 7 Prevalence of overweight and obesity among school-age children in global regions. Overweight
and obesity defined by IOTF criteria, Children aged 5-17 years, Based on surveys in different years after
1990. Source: International Obesity Task Force data, based on populationweighted estimates from
published and unpublished surveys, 1990-2002 (latest available) using IOTF-recommended cut-offs for
overweight and obesity.
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Relationship between moderate and intense
physical activity and longevity

20% REDUCTION IN THE RISK OF ALL CAUSES OF MORTALITY FOR LEISURE TIME
MODERATE- TO VIGOROUS-INTENSITY PHYSICAL ACTIVITY AND MORTALITY
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PHYSICAL ACTIVITY AS AN
EXCELLENT THERAPY FOR
Obesity
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Harem H et al JAMA Intern Med 2015



Physical activity and energy balance

Hunger/satiety balance
Food availability
Caloric density
Macronutrients

Resting Energy Expenditure (REE)
Wish to perform physical activity
Food energetic capacity
Termogenesis
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MUSCLE, BONE and ADIPOSE TISSUE
AS IMPORTANT ENDOCRINE ORGANS
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Evaluation of visceral fat

Volume 250.3%194.5cm3
Mass 235.9%183.1 gr
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ADIPOKINES
_ categoy | Proteins

Hormones

Citokines

Extracellular matrix factors

Complement’s factors

Enzymes

Acute response proteins
Others

Leptin, resistin, angiotensinogen,
adiponectin, estrogens, visfatin,
angiopoieting

Interleukin 1,6,8,10 Interferon y, TNFa

Collagen-al, Metalloproteinases,
fibronectin,osteonectin, laminin,
entactin, trombospondin 1 and 2

Adipsin, C3, Factor B

Transfer protein for cholesterol esters,
lipoprotein lipase

Acid glicoprotein A-1, Aptoglobin

NEFA, plasminogen activator inhibitory
factor, prostaciclina



WHITE, BROWN and «BRITE/BEIGE ADIPOCYTES
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Adipoblast Myogenic lineage

| [
- 4 y 4

Myf5-progenitor
yi>prog Myf5+ progenitor

FGF10 BMP7 Pref1 BMP7
¢/EBP  PRDM16

Committed white Brite Committed brown Myoblast/
pre-adipocyte pre-adipocyte pre-adipocyte myotube
PPARy PRDM16 PPARY Myogenin
Myo D

White adipocyte Brite/beige adipocyte Brown adipocyte Skeletal
Hox(C9, Tef21 UCP1, Hoxc9, CD137 UCP1, CIDEA, muscle cell

\—/ dio2, PGC1, Zic1

Transdifferentiation?

Obregon MJ. Frontiers in Physiology 5:479,2014
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WHITE adipocyte BROWN adipocyte
@ Triglicerydes (0.4-0.6 ugr) @ Mitocondri

BRITE adipocyte
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ABILITY OF STORING
ENERGY IN THE FORM
OF TRIACYLGLYCEROL

AND RELEASING
ENERGY IN THE FORM
OF FREE FATTY ACIDS

WHITE adipocyte
@ Triglicerydes (0.4-0.6 ugr)

BRITE adipocyte
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CAPACITY OF
DISSIPATING
ENERGY IN THE

FORM OF HEAT
DUE TO THE
OXIDATION OF
GLUCOSE AND
LIPIDS

BROWN adipocyte
Mitocondria

BRITE adipocyte
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WHITE adipocyte BROWN adipocyte
@ Triglicerydes (0.4-0.6 pgr) ,

Multilocular
morphology

BRITE adipocyte rich in

mitocondria
UCP-1
expression
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SITE OF BROWN ADIPOSE TISSUE IN HUMAN
AND MICE

Neck

Supraclavicular

Periaortic

Paravertebral j Cervical

l Perirenal Axillary
Interscapular ‘ Interscapular

Periaortic
“Perirenal

Van den Berg SM et al. Endocrine Review 38:46-68,2017



ACTIVATION OF BROWN FAT (UCP1)

Substrate
(glucose, free

s fatty acids)
S0/ Witochondria

%,.

Celi F. NEJM 2009

Free fatty acids
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THYROID HORMONES AND BAT
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Skarulis et al. JCEM 2010



HISTOLOGICAL AND MOLECULAR EVIDENCE OF
THE EFFECT OF THYROID HORMONES ON BAT
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Skarulis et al. JCEM 2010



ATP consuption ATP production
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Fibroblast Growth Factor 21 is a 209 amino acid
endocrine member of the FGF family synthesized in
the liver and expressed in adipose tissue, muscle
tissue and various other organs. FGF-21 is an
important regulatory molecule of the homeostatic
energy balance necessary to mediate the beneficial
metabolic effects of physical exercise. It is expressed
in WAT, BAT, pancreas, muscle tissue, cardiac
endothelial cells and hypothalamus



CONDITIONS ASSOCIATED WITH THE
INCREASED EXPRESSION OF FGF21

FGF21 inhibits inflammation in response to oxidative stress

Obesity S
Cardiovascular diseases

hwsical e Hyperglycemia (Diabetes) :
Physica i Insulinresistance FGF21 Inflammation }_’ Canger
4

stress Dyslipidemia " Apoptosis

| List tation | Metabolic Syndrome
h
Growth hormon IDAT! \
treatment f
i — il

Gomez-Samano MA et al. Redox Biology 2017



Fibroblast growth factor-21 is required for beneficial effects of

exercise during chronic high-fat feeding in Wistar rats
Christine Loyd, I. Jack Magrisso, Michael Haas, Sowmya Balusu, Radha Krishna, Nobuyuki Itoh,
Darleen A. Sandoval, Diego Perez-Tilve, Silvana Obici, Kirk M. Habegger
Journal of Applied Physiology Published 1 September 2016 Vol. 121 no. 3, 687-698

*% " *%

-
o
CP

N
Q

Glucagon (pg/mi

o

Pre


http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiTrKv5uovSAhWJ7xQKHUq7AVcQjRwIBw&url=http://jap.physiology.org/content/121/3/687&psig=AFQjCNESW9YCTN_J0HZ6KtTfEbl_6l38KA&ust=1487019895388180
http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiTrKv5uovSAhWJ7xQKHUq7AVcQjRwIBw&url=http://jap.physiology.org/content/121/3/687&psig=AFQjCNESW9YCTN_J0HZ6KtTfEbl_6l38KA&ust=1487019895388180

>

Plasma FGF21 (pg/ml)

Circadian variations of FGF21 and its
concentrations at different temperatures
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PET IMAGES DEMONSTRATING 18F-FDG uptake IN LOCALIZED BAT
DEPOSITS
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FDF-21 a stress response hormone




IRISIN

THE WELLNESS HORMONE

PHYSICAL EXERCISE INDUCES THE RELEASE OF PPARy coactivator-1 + (PGC1i +) FROM THE SKELETAL
MUSCLE WHICH INCREASES THE EXPRESSION OF FIBRONECTIN TYPE Il DOMAIN 5 (FNDC5) WHICH IN
TURNS THROUGH THE ACTION OF UNKNOWN PROTEASES INDUCES THE RELEASE OF IRISIN
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exercise training induces the expression of the FNDC5 gene in human
muscle, producing irisin, which can convert white fat into brown fat

A FNDC5 RNA
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THE REGULAR PHYSICAL EXERCISE AND THE COLD EXPOSURE ARE
ASSOCIATED WITH AN INCREASE IN EE, IN A POSITIVE CORRELATION
WITH THE RELEASE OF IRISIN and FGF21.

A $<0.01 5000
4000
. k< . > B C D
G % . : w0 2 8 20
o . . (- S
& - e H T low £ _ =
> 4 = S et o Be g5
oW gl o o o [ 2 : .
i ) % % 0 § 1 30
i - B £ = >
= ° %2 2 a S
c & ° f 2 . e
2 < . 1=-0.57, p=0.085
Tare e we e e Cold Exposure  Maximal exercise 0 H 2 3 H
EMG (fold change) EMG (fokd change)
E F
3 1.10
z S
g 2 ’,” - gl‘m
g 3
= L e
§ ! g’ Emo e
= o
r=0.80, p<0.01 P =077, p<0.01
1 2 3 3 0.0 0.5 10 13 20
EMG (foki change) FGF21 (fold change)
I Warm J Cold K Warm L Cold
200 1 o BAT- 150

z z ) » BAT. %
i 5 51' — % o BAT- %
- 5 z' vighcilds a'
E 1 g 1 B < BAT= s

- £ N : 2
g E g - - '. ! -
i i : B

o ] o
0 2 4 8 0 2 H H
Hours Hours

Lee P et al. Cell Metabolism 2014



IRISIN in PHYSIOPATHOLOGY

Inflammation
Marker of macrovascular pathology in Type 2 Diabetes

Cardiovascular pathologies in Type2 diabetes

Correlation between circulating irisin and endothelial
dysfunction. Low levels of circulating irisin can be used as
markers to identify an early state of angiopathy (12 pg / ml
vs 40 pg / ml)

Kidney diseases
Low levels of irisin in severe kidney insufficiency

Metabolism
Biomarker for low or altered metabolic state in obese
patients



NATRIURETIC PEPTIDES

Physical activity

| PGC1-alpha

Mo activation R tivati Fibra
muscolare

The levels of PGC-1a in the muscle are regulated by muscle activity through all the major
signaling pathways involved in the contraction of muscle fibers and in turn they promote a
high-strength muscle phenotype

The over-expression of PGC-11 promotes satellite cell (CS) activation by inducing a remodeling
of the stem cell niche by upregulation of fibronectin

PGC-1a reduces pro-inflammatory gene programs in muscle fibers and promotes an increase in
tissue macrophages, Brain Natriuretic Peptide (BNP) is the myokine that regulates cross-talk
between muscle fibers and macrophages during physical activity downstream of PGC -1a
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PHYSICAL ACTIVITY ACTIVATES BROWN FAT

BROWN adipose tissue
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CrossMark

& dick for updates

Brown adipose tissue transplantation ameliorates
polycystic ovary syndrome
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BAT TRANSPLANTATION REVERTS PCOS
METABOLIC ABNORMALITIES
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Genetic predisposition to PCOS and hirsutism

Genetic predisposition
to excess ovarian

androgen secretion Pituitary

gland

tLH levels

Insulin resistance and
hyperinsulinaemia

s

levels

Genetic and dietary
factors influence insulin
secretion or action

Liver

Jayasena CN and Frans S Naf.Rev.Endocrinol 10,624-636 2014



FOCAL POINTS

Brown adipose tissue (BAT) is present in the human adult, involved in energy
metabolism, glycemic regulation and lipid balance

Exercise can play a key role in the metabolism of BAT, recruiting it and activating
it through SNS (norepinephrine) and myokines

In the mouse model a wide variety of stimuli activate BAT and adipose cell
transdifferentiation

The transformation of BAT into WAT occurs in humans in response to aging,
energy imbalance and other factors

The increase in BAT activity improves metabolism and its decrease is associated
with metabolic dysfunction and obesity in the mouse

The increase in volume of WAT is characterized by infiltration of immune cells
that participate in the activation of a condition of chronic low-grade
inflammation, even if the same immune system can play in response to the cold
a positive role in development, function and activity of the BAT and in the
process of "beiging" of WAT, with a prominent role of eosinophils and
alternative activation of macrophages, therefore also ways of activation of the
immune system can open to potential new therapeutic strategies



