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Purpose & Overview:

To discuss and explain the underlying mechanisms responsible for the development of
diabetes and the underlying pathophysiological changes in adipose tissue. The adipocyte
is a major endocrine cell whose contribution to systemic carbohydrate and lipid
homeostasis are frequently underestimated.

Objectives:

1. Know about the role of adipocyte-derived factors in insulin sensitivity and lipid
metabolism

2. Gain insights into the mechanisms of local adipose tissue dysfunction in obesity and
its impact on lipid metabolism.

3. Interpret cellular aspects of contributions of adipocytes to systemic lipid homeostasis
Biosketch:

Philipp Scherer is Professor and Director of the Touchstone Diabetes Center at the
University of Texas Southwestern Medical Center in Dallas. PhD obtained at the
Biocenter of the University of Basel, Switzerland, post-doctoral fellow at the Whitehead
Institute at MIT in Cambridge, MA. Throughout his career, he has maintained an interest
in processes related to cellular and systemic energy homeostasis. Current efforts in his
laboratory are focused on the identification and physiological characterization of novel
proteins that serve as potential links between the adipocyte, kidney, liver, the pancreatic
beta cell and the processes of whole body energy homeostasis and inflammation.



Facts Regarding Diabetes:

An estimated 30.3 million people of all ages—or 9.4% of the U.S. population—
had diabetes in 2015.

This total included 30.2 million adults aged 18 years or older (12.2% of all U.S.
adults), of which 7.2 million (23.8%) were not aware of or did not report having
diabetes.

The percentage of adults with diabetes increases with age, reaching a high of
25.2% among those aged 65 years or older.

Compared to non-Hispanic whites, the age-adjusted prevalence of diagnosed and
undiagnosed diabetes was higher among Asians, non-Hispanic blacks, and
Hispanics during 2011-2014.

Prevalence varied significantly by education level, which is an indicator of
socioeconomic status.

An estimated 33.9% of U.S. adults aged 18 years or older (84.1 million people)
have prediabetes, based on their fasting glucose or A1C level. Nearly half
(48.3%) of adults aged 65 years or older have prediabetes.

The total direct and indirect estimated cost of diagnosed diabetes in the United
States in 2012 was $245 billion.

Average medical expenditures for people with diagnosed diabetes were about
$13,700 per year. About $7,900 of this amount was attributed to diabetes.6

After adjusting for age group and sex, average medical expenditures among
people with diagnosed diabetes were about 2.3 times higher than expenditures
for people without diabetes.

Source: National Diabetes Statistics Report, 2017

National Center for Chronic Disease Prevention and Health Promotion
CDC
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Effect of Fat Mass on Survival During Starvation
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Stewart and Fleming. Postgrad Med J 1973;49:203.
Leiter and Marliss. JAMA 1982;248:2306.

Medical Complications of Obesity
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Relation between Mortality and BMI

Lean | Overweight
Southeast Asia 17.5-22.9 23.0-27.4

= Men
* Women

Mortality ratio

25 30 35
Body Mass Index, kg/m?
Lew EA. Ann Intern Med 103:1024, 1985
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Relationship Between BMI and
Cardiovascular Disease Mortality

Relative Risk of Death

Body Mass Index
Calle et al. N Engl J Med 1999;341:1097

Relationship Between BMI
and Risk of Type 2 Diabetes Mellitus
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rounded Error) 19/

Diabetes 4/ s1011| $1010| $1,084|  $1.108) $1,172 5987 252,806  9.7% (0.22%)

For every $100 spent on diabetes care,

we spend about 30 cts on diabetes research




Pathogenesis of Obesity-related Metabolic
Dysfunction and NAFLD
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Korenblat et al. Gastroenterology 87:3023, 2008

Relationship between Organ Insulin Sensitivity and
Intrahepatic Triglyceride Content

Adipose tissue (% suppression of palmitate R;)  Liver (Hepatic Insulin Sensitivity Index)

10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 45 50
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Korenblat et al. Gastroenterology 87:3023, 2008
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Selected Medications That Can
Cause Weight Gain

» Psychotropic e Diabetes medications
medications

- Insulin

« Tricyclic antidepressants _ Sulfonylureas

* Monoamine oxidase
inhibitors

« Specific SSRIs e Highly active

+ Atypical antipsychotics antiretroviral therapy

- Thiazolidinediones

+ Lithium o Tamoxifen
« Specific anticonvulsants

* B-adrenergic receptor
ﬁlockers g P - Glucocorticoids

- Progestational
steroids

e Steroid hormones

SSRi=selective serotonin reuptake inhibitor

Obesity Treatment Pyramid

Surgery

Endoscopic
Therapy?

Pharmacotherapy

Lifestyle Modification

Physical Activity

FDA-Approved Drugs for Weight Loss

Year Approved  Generic Name

Desoxyephedrine/methamphetamine
Phenmetrazine

Phentermine

Diethylpropion 5 currently approved by the Food and Dru
Phendimetrazine Administration (FDA) for long-term use:

Benzphetamine

Fenfluramine Withdrawn 1997 .

Mazindol bupropion-naltrexone (Contrave)
Dextenfluramine Withdrawn 1997 liraglutide (Saxenda)
Sibutramine Withdrawn 2010 . .
orlistat lorcaserin (Belvig)
Phentermine-Topiramate orlistat (Xenical)

Euprapion Haitrexons phentermine-topiramate (Qsymia)

Liraglutide




Body Weight Is a Homeostatically Regulated
System in Humans

Placebo

Rimonabant 5 mg

Placebo

Weight Loss (kg)

Rimonabant 20 mg

12 24 36 48 60 72 84 96 108
Weeks of Treatment

Pl-Sunyer o al. JAMA 2006;205:761. *Rimonabant withdrawn from market.

Intensive Lifestyle Intervention-induced Weight Loss
at 1 Month Predicts Weight Loss at 1 Year (Look AHEAD)
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Insulin Sensitivity Improves With Weig
Loss in Patients With Type 2 Diabetes
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Effect of Weight Loss in Type 2 Diabetes (Look AHEAD)

Change in Fasting Glucose (mg/d)
‘Change In BP (mmHg)

Gain Gains 24%  S9% 10N 215% Gain Gains2% 24%  S9%  10-14%  215%
2% Lostet 2% Lost<d%

Wing R, et al. Diabetes Care. 2011;34:1481

Effect of Progresswe Welght Loss on Body Composition

Fat free mass

A ol

Visceral adipose tissue Intrahepatic triglyceride content

e
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Magkos F et al., Cell Metab 2016

Effect of Progressive Weight Loss on NAFLD and Multi-Organ Insulin Sensitivity

Intrahepatic triglyceride content

» ) Liver (Glucose Ra during insulin )
Skeletal muscle (Glucose Ry during insulin)

umolkg FFM/min

mm
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Effect of Progressive Weight Loss on Adipose
Tissue Gene Expression
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Magkos F et al. Cell Metab 23: 591, 2016

Effect of Short- and Long- Term Calorie Restriction
on Intrahepatic TG Content and Insulin Sensitivity
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% Change 25
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.25 i glucose uptake

E. Kirk et al Gastroenterology 136:1552, 2009

Effect of liposuction on CHD risk factors

Obese normal OGT Obese diabetes
Before After Beft After

Waist circumference 108+5 94:£3* 119+4  107+3*
Systolic BP 1195 124+4 132+4 137+6
Diastolic BP 70+3 65+4 73+3 68+4
Plasma glucose 891 902 121115 123x15
Plasma insulin 1%3 9+2 15+2 143
Triglycerides 151+28 121+21 162+19 173+24
Total cholesterol 189+12 174113 1609 157x10
LDL cholesterol 11319 1011 82+7 8011
HDL cholesterol 45+8 41+9 443 43+3

Klein S et al. N Engl J Med 350:2549 2004
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Effect of Liposuction on Insulin Sensitivity

Glucose production (pmol/min)

 Obese before 1000 B T2DM before
u Obese after 800 N T2DM after
600

400
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0
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Glucose uptake (umol/mil

mObese before 40001 15pM before
mObese after 30001 u T2DM after
200
1001

o
Basal  Stage1 Stage2 Basal  Stage1 Stage2
Klein S et al. N Engl J Med 350:2549 2004

Effect of Omentectomy on Metabolic Variables in
Type 2 Diabetes

Baseline 3 months
Weight (kg) 110.9+3.6 110.4%4.5
HOMA-IR 2.9+0.1 2.7+038
HbA1c (%) 6.9+0.4 7.4£04

Sensitivity Index (Si)

efore months

E. Fabbrini, N. Abumrad et. al.

Obesity Paradox:
Relationship Between Weight Status and Mortality After
Myocardial Infarction

Men 08 | Women

0.7

0.6

Mortality
Mortality

Underwei . Underweight
Normal Normal

Obese . Obese

012345678910 012345678910
Years Years
Also CHF, CABG, heart transplant. Kragelund et al. Int J Cardiol. 2005;98:123
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Quality, not Quantity Matters!

Metabolically Unhealthy Lean
20 - Lipodystrophics
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Prevalence of Metabolically-normal Obesity
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Wildman, R. P. et al. Arch Intern Med 2008;168:1617
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Early Insulin Resistance
Sun, Kusminski, Scherer, J Clin Invest. 2011;121(6):2094-2101
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Reduced Fibrosis During Weight Loss
15% Weight Loss

matrix (ECM)

TNMD coL3A1 coLeAt
: I :

o of

Relaive gene expression

Endotrophin/Collagen Via:3-C5 stain In collaboration with Sam Klein, Washington University

UNHEALTHY  HEALTHY UNHEALTHY HEALTHY
[ ob/ob Tgob/ob || ob/ob
Smaller Reduced

Chronic
Cells Inflammation

Improved
Hepatic
Insulin

Sensitivity,,

Reduced
Fibrosis

Improved
B Cell
Function

Kusminski et al. Nat Med, (10):1539-49 Fibrosis (Trichrome)

The Fat Cell: A Highly Complex Cell!

A Biochemically Versatile Cell An Endocrine Cell

pipone

\ipids

\\l\etabc\'me5
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Fat Tissue:
Highly Complex Tissue!

Dormant Beige
Adipocyte

Brown

Beige Adipocyte
Adipocyte & pocy

Serum Amyloid A, PTX-3, 24p3

Factors involved in energy
Factors involved in ener, TNFa, IL-6, MCP-1

homeost
Adiponectin/Acrp30,

*g. Factors involved in inflammation
% al Acid Glycoprotein,

Leptin, RBP4, Resistin,
Adipsin, ASP, FGF21
Endotrophin

Factors involved in ECM Remodelin
Matrix Metalloproteases
MP1-MMP

Adiponectin Levels
in Plasma are
Inversely Proportional
to Fat Mass

Adiponectin per kg
Fat Tissue

T
20 30 40
Total Adiposity (BMI)

Turer and Scherer, Diabetologia, 55(9):2319-26
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. : Glucose uptake, fat storage & adipogenesis ‘

Inflammation

T Insulin sensitivity
Gluconeogenesis & lipogenesis

T Insulin sensitivity

Adipose e Inflammation
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oxidation

Endothelium
T Angiogenesis & function
Oxidative stress

e peonl B GSIS & viability
T Angiogenesis & growth Apoptosis

Ye and Scherer, Mol. Metabolism, 2(3):133-141

Adiponectin has taught us that a
fat-derived factor can be

* Anti-Apoptotic (Cardiac Myocytes, p Cells, Podocytes)
* Pro-Angiogenic

* Anti-Atherogenic

* Anti-Inflammatory

« Anti-Fibrotic

* Pro-Adipogenic

« Cause Improvements in Liver Insulin Sensitivity

Amyloid precursor protein (APP)
is elevated in adipocytes upon onset of obesity

Amyloid Precursor Protein Expression Is
Upregulated in Adipocytes in Obesity

Yong-Ho Lee!, William G. Tharp', Rhonda L. Maple', Saraswathy Nair?, Paska A. Permana®
and Richard E. Pratley'

The aim of this study was to determine whether amyloid precursor protein (APP) is expressed in human adipose
tissue, in obesity, and related to insulin resistance and APP expression was examined by
microarray expression profiling of bdominal adipocytes (SAC) and cultured from obese
and nonobese subjects. Quantitative real-time PCR (QPCR) was performed to confirm differences in APP expression
in SAC and to compare APP expression levels in adipose tissue, adipocytes, and stromal vascular cells (SVCs) from
subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) specimens. Adipose tissue samples were also
examined by western blot and immunofluorescence confocal microscopy. Microarray studies demonstrated that APP
mRNA expression levels were higher in SAC (~2.5-fold) and preadipocytes (~1.4) from obese subjects. Real-time PCR
confirmed increased APP expression in SAC in a separate group of obese compared with nonobese subjects (P =

Lee YH, et al. 2008
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Amyloid precursor protein (APP)
is elevated in adipocytes derived from insulin
resistant patients

Lean vs. Obese

Adipocyte
Twins i

Fatty Liver Size

Obesity

Correlation APPin Adipose Tissue APPin Adipose Tissue APPin Adipose Tissue
E-MEXP-1425 GSE2508 107 GSE27951
= - peo0s

Expression Value
Expression Value

< & <&
Subcutaneous adipocyte average size (um)

In collaboration with Sam Klein

APP mRNA is negatively correlated with
insulin sensitivity in humans

Correlation Correlation

(normalized to h18S)
(normalized to h18S)

APP mRNA in adipose tissue
APP mRNA in adipose tissue

100
Relative glucose infusion rate % increase in glucose rate of
M1 (Walkg FFM/min)/(WU/m 1) disappearance above basal

In collaboration with Sam Klein

Adipocyte-specific APP elimination prevents
diet induced obesity and glucose intolerance

App MRNA Body weight
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1 ITT,

T e e e e app 1
App AKO

p=0.07

Glucose (mg/dL)

Relative glucose levels
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Adipocyte-APP elimination improves
adipose tissue inflammatory and fibrotic changes
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Adipocyte-APP elimination
decreases liver steatosis and increases adiponectin production

1B: Adiponectin

Serum Adiponectin

p0.06

Adipo APP KO

Metabolism
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Geographic Distribution of
Trypanosoma cruzi Infection
in Texas
2013 - 2016

XX Locally Aquired Human Cases
772, positive Triatomes
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