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Abstract

Recent advan

n understanding the celular and malecular

ys and global transcriptional regulators of adudt
cells have provided new insights into their
tial chrucal applica
ation. This review focusaos
renewal and regulabon of lincage

biclogy and parficulardy for tissue
repar and ro
sificaly n the contest of se

snchymal stem cells. In adddicn we

an these agvances,

peciic dfferent
review recent reserch on the concept of stem cel niche, and its

relevance to adult mesenchymal stem calis

Hranch, National bhattute of Arthatis, and Muscule
50 South Drme, Bathusdn, MD 20892, USA

skalotal and Skin Dacases. National Inshitutes of Health

Artheivs Resoarch £ Therapy 2007, 8:204 (doi:10.1186/ar2118)

heterogensous mature of cells with varying proliferation and

differentizhon pot als. Although acceplable for cell-based

therapeulic apphcations, & ngorous understanding of (he
MSC requires a better detinition of what an MSC is. Many
attempts have been made to develop a cell-surlace antigen
prafde for the better punfication and dentificaten ol MSCs.
Particufarly important 12 whether MSCs isolated from different
bssues are denhfable by the same mmunophenotype. Tabis 1
provides =formation on 16 surface protens reported n
varous sfudies. Mest of the studies focused on MSCs from
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Stem Cell Differentiation

Adipose cell differentiation: evidence for a two-step process in the
polyamine-dependent Ob1754 clonal line

Ez-Zoubir AMRI,* Christian DANI,* Alain DOGLIO,* Jacqueline ETIENNE,t Paul GRIMALDI* and
Gérard AILHAUD*

*Centre de Biochimie du CNRS (LP 7300), Université de Nice, Parc Valrose, 06034 Nice Cédex, France, and fLaboratoire de
Biochimie, Faculté de Médecine Saint-Antoine, 27 rue Chaligny, 75571 Paris Cédex 12, France

A subclone of preadipocyte Obl7 cells has been isolated (Ob1754 clonal line). Confluent Ob1754 cells
treated with an inhibitor of spermidine and spermine synthesis, methylglyoxal bis(guanylhydrazone), were
totally dependent upon putrescine addition for the expression of glycerol-3-phosphate dehydrogenase which
behaved as a late marker of adipose conversion. Under these conditions, the early expression of lipoprotein
lipase during growth arrest remained unchanged. Studies at the mRNA level showed that the expression
of unidentified pOb24 and pGH3 mRNAs, which was parallel to that of lipoprotein lipase, is independent
of polyamine addition whereas the late emergence of glycerol-3-phosphate dehydrogenase mRNA was
putrescine-dependent and co-ordinated with the expression of pAL422 mRNA encoding for a myelin-P,
homologue [Bernlohr, Angus, Lane, Bolanowski & Kelly (1984) Proc. Natl. Acad. Sci. US.A. 81,
5468-5472]. The appearance of lipoprotein lipase preceded DNA synthesis and post-confluent mitoses which
were both putrescine-dependent and which took place before the appearance of glycerol-3-phosphate
dehydrogenase. Thus the adipose conversion of Ob1754 cells involves the expression of at least two separate
sets of markers which are differently regulated.
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Adult stem cell plasticity

Richard Poulsom *, Malcalm R. Akson ™, Stuart ). rovbes and Nicholas A Vvnght

Abstract

Observations made in the last few vears support the existence of pathways, in adull bumans and
rodents, that allow adult stem cells to be surprisingly fexible in their differentiation repertoires.
Termed plasticity, this property allows adult stem cells, assumed. until now, to be committed to
geserating a fixed runge of progeny, to switch, when they have been relocated, to make other
specialized sets of cells appropriate to their new niche. Reprogrumming of some adult stem cells
cun occur in vive: the stem cells normally resident in bone marraw sppear particularly flexible und
are uble to confribute uscfully to multiple recipient organs. This prucess produces cells with
specialized structurnl and metabolic adaptations commensurate with their new locations. In a few
examples, the degree of support is sufficient to assist or even rescue recipient mice from genetic
defects. Some studies provide evidence for the expansion of the reprogrammed cells locally, bat in
most il remains possible that cells arrive and rediffereatinte, but are no loager stem cells.
Nevertheless, the fact that sppropriately differentinted cells are delivered deep within argans
simply by injection of bone marrow cells shoald moke us think differestly ubout the way that
organs regemerate and repair. Migratery pathwoys for stem cells i adult organims may exist
that could be exploited to effect repairs using an individual's own stem cells, perhaps after gene
therapy. Logical extensions of this coscept are that a transplanted organ would become affected
by the genetic susceptibilities of the recipient, alleles that reexpress themselves via marrow-
derived stem cells, and that plasticity after bone murrow tramsplantation would also transfer
different phemotypes, affecting important paramcters swoch as sasceptibility to loag-tenm
complications of diabetes, or the ability to metabolize drugs n the Ever. This articke reviews
some of the evidence for stem cell plasticity in rodents and mun. Copyright « 2002 Joha Wiky &
Sans, Ltd.

Keywords:  stem cells; bone nmarrow; regeneration and repair
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Brown Fat vs. White

Produced heat gets sent toFat Increased mitochondria
outer membrane creates enough heat to turn
the cell brown
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Brown Fat vs. White Fat

* Triggers
Inflammation

* Gives off lots of
heat

What is White Fat?



What is White Fat?

Excess fat is stored in

lipocytes, which
expand in size
until the fatis
used for fuel

4 T
/?_- , Fat reservolr
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* Single Lipid Droplet

* Largest Energy
Reserve in the Body

e Contains small
number of
Mitochondria

Where is White Fat stored?
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Several Small Lipid Droplets
Burns Calories to Generate Heat

Contains large number of
Mitochondria

Derived from Muscle Tissue

What is
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Creates heats through
thermogenesis

Advantages Metabolizes white fat

of Brown
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Brown Fat And Cold Exposure

Cold acclimation recruits human brown fat
and increases nonshivering thermogenesis

Anouk A.J.J. van der Lans,’ Joris Hoeks,' Boudewijn Brans,? Guy H.E.J. Vijgen,'?
Mariélle G.W. Visser,? Maarten J. Vosselman,' Jan Hansen,' Johanna A. Jorgensen,’
Jun Wu,* Felix M. Mottaghy,?*® Patrick Schrauwen,’ and Wouter D. van Marken Lichtenbelt’

'Department of Human Biology, NUTRIM School tor Nutrition, Toxicology and Metabogsm, Departrment of Nuclear Medicine, and
Department of Surgery, Maastricht University Medical Contre+ (MUMC+), Ma; ands. ‘Dana-Farber Cancer Institute and Harvard Meadical School
Bostan. Massachusslts. USA. "Department of Nuclear Medicine. University Hospital RWTH Bachen. Aachen, Germany.

In recent years, it has been shown that humans have active brown adipose tissue (BAT) depots, raising the
question of whether activation and recruitment of BAT can be a target to counterbalance the current obesity
pandemic. Here, we show that a 10-day cold acclimation protocol in humans increases BAT activity in parallel
with an increase in nonshivering thermogenesis (NST). No sex differences in BAT presence and activity were
found ecither before or after cold acclimation. Respiration measurements in permeabilized fibers and iso-
lated mitochondria revealed no significant contribution of skeletal muscle mitochondrial uncoupling to the
increased NST. Based on cell-specific markers and on uncoupling protein-1 (characteristic of both BAT and
beige/brite cells), this study did not show “browning” of abdominal subcutaneous white adipose tissue upon
cold acclimation. The observed physiological acclimation is in line with the subjective changes in temperature
sensation; upon cold acclimation, the subjects judged the environment warmer, felt more comfortable in the
cold, and reported less shivering. The combined results suggest that a variable indoor environment with fre-
quent cold exposures might be an acceptable and economic manner to increase energy expenditure and may
contribute to counteracting the current obesity epidemic.
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Researchers Discover How to Turn Energy-Storing
White Fat Into Energy-Burning Brown Fat

And they're figuring out how to get our cells to burn mare calones for us.

0060

For the first ime, researchers have discovered a way o convert the white fat

cells that sit in unsightly, ene storing clumps around our bodies into energy-

burning brown fat. If they can figure out how to apply t

patients and those wath metabolic

treatments, o
ability to incre

exercise routine.

s their energy expenditure without having to adjust their
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PPAR agonists induce a white-to-brown fat conversion
through stabilization of PRDM16 protein

Haruya Ohno,‘I Kosaku Sh.r?oda,1 Bruce M Smeqe!:rna:‘:,2 and Shingo Ka}:n'ura1
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THE PATTERN OF IRON~SULFUR CENTERS IN BROWN ADIPOSE TISSUE
MITOCHONDRIA: PREPONDERANCE OF ETF DEHYDROGENASE AND
INVARIANCE WITH THE THERMOGENIC STATE

Torgeir FLATMARK?®, Frank J. RUZICKA and Helmut BEINERT
Institute for Enzyme Research, University of Wizconsin, Madison, Wisconsin 53 /00, USA

Reccived B Innuary 1976

1. Introduction

Most of the resonances observed in heart mito-
chandria hy & p.r. spectroscopy at presently attain.
able sensitivities have been recently identified (for
review, see [ 1] ) inculding the so-called iron—sulfur
(Fe—S) ‘center §' [2], recognized by its low field
resonance (g, = 2.086) in the reduced state of mito-
chondria from a varlety of species and tissues [1].
The assignment of this e.p.r. line was based on the
purification of a thus far unknown iron—sulfur

(Fe—S) flavoprotein from beel heart mitochondria |3].

Since the purified Fe--S flavoprotein was most
readily reduced by fatty acyl-CoA in the presence of
acyl-CoA dehydrogenase and electron-transferring
lavoprotein (E'TF), it was suggested |3] that this
Fe—S§ flavoprotein may function as an electron
transfer protein between the fatty acyl-CoA
dehydrogenase system [4] and the terminal part of
the respiratory chain. In support of this conclusion,
we would like to present further experimental

destructive tool for studying aspects of cold-
acclimatization related to a change in the rate of
mitochondrial biogenesis in this tissuc.

2. Methods

2.1. Animals

Weaned guinea pigs of an inbred strain from
Maivin O'Brien, R, 3, Syene Road, Madison, W1 were
used. Approximately 4 weeks old, the animals were
transforred from an environment of 22°C to 5-6°C in
which they remained for different lengths of time [6].

2.2, Isolation of mitochondria

Brown adipose tissue mitochondria were isolated
essentially as described [7,8]. Heart mitochondria
were prepared by the nagarse method [9]; the final
mitochondrial pellet was washed twice, Protein was
determined by the biuret method after precipitation
with trichloroacetic acid and dissolution of the pellet
in the presence of 2% deoxycholate,

Increased Mitochondria
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Blochimica ot Blophysica Acta 1817 [2012) 410418

Contents lists available at erse ScienceDirect

Biochimica et Biophysica Acta

journal hemapage: www.elsavier.com/locate/bbabio

Brown adipose tissue mitochondria oxidizing fatty acids generate high levels of
reactive oxygen species irrespective of the uncoupling protein-1 activity state

Peter Schonfeld **, Lech Wojtczak "

chemile und Zelitwodogie, Medizinische Fakultar, Orto-von-Giienchke-Universinia

159120 Magdehurg, Gennany

Nemcki Institute of Expenmental Bicdogy, Pesteura 3, 02-093 Warsaw, Poland

ABSTRACT

Mitochondria from brown adipose tissue (BATM ) have a high enz

therefore are an ideal model to examine the s
acid oxidation. ROS generation by
nto e med
1 BATM relea

species (ROS) generation
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Enropean J, Biochem, 11 {3909} 153192

Oxidative Phosphorylation and Compartmentation
of Fatty Acid Metabolism in Brown Fat Mitochondria

ICJ, Hirrsiagax, O, Lisonene, and B, Caxxox
Wenner-Grons [nsfitut, Kungliga Universitetet i Stockboln

(Received Jane 6/August. 18, 1969)

1. Mitochowdria freshly isolated from brown adipose tissue by a standard procedure con-
sistently fail to display normal oxidative phosphorylation. Tncubation of these particles with
ATP and carnitine in the absence of exogenous substrate results in a rapid burst of respiration
which eventually slows to a low resting rate, Oxidation of the endogenous substrate iz absolutely
dependent upon the presence of both ATP and earnitine and is completely inhibited by rotenone.
In the absence of added CoASH, respirstion is also inhibited by atractyloside, and this inhibition
is completely released by addition of CoASH.

2. After the AT -+ carnitine-induced respiration has slowed to a low resting rate, oxidative
phoegphorylation is observed during the oxidation of added x-ketoglutarate, succinate, or
a-glycerophosphate,

3. If the mitochondria ave incubated with ATP and carnitine in the presence of rotenone,
coupled behavior is also observed upon subsequent oxidation of succinats or z-glycerophosphate.

4. Under appropriate conditions, the time-course of appearance of oxidative phosphorylation
coeresponds clogely to the time.course of appearance of significant levels of acylearnitine.

5. It is concluded that the endogonous substrate of brown fat mitochondria is free fatty acids
which lie initially ontside the acyl-CoA berrier, and that these are responsible for the uncoupled
behavior of the freshly isolated particles. By providing the mitochondria with the appropriate
components for activation and trangport of free fatty acids, the redistribution which occurs relieves
the uncoupling and hence both oxidative phosphorylation and classical sensitivities to inhibitors

become evident.

6. The significance of the fatty acid transport mechanizm in these mitochondria is discussed
with respect to & possible role in regulating the degree of uncoupling which may occur during
active thermogenesis by brown adipose tissue
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The role of the uncoupling protein 1
(UCP1) on the development of
obesity and type 2 diabetes mellitus

Papel da proteina desacopladora 1 (UCPT) no desenvolvimento

da obesidade e do diabefes melilo tipo 2

Leticia de Almeida Brondani’, Tais Silveira Assmann', Guilherme Coutinho
Kulimann Duarte', Jorge Luiz Gross', Luis Henrique Canani', Daisy Crispim’

SUMMARY

Itis well established that genetic facters play an important role in the development of both type
2 diabetes mellitus (DM2} and obesity, and that genatically susceptible subjects can develep
these metabolic diseases after being exposed 1o environmental risk factors. Therefore, great
efforts have been made to identify genes associated with DM2 and/or obesity. Uncoupling pro-
tein 1 (UCP1) is mainly expressed in brown adipose tissue, and acts in thermogenaesis, regula

tion of energy expenditure, and protection against oxidative stress. All these mechanisms are
associated with the pathogenesis of DM2 and obesity. Hence, UCP1 is a candidate gene for the
development of these disorders. Indeed, several studies have reported that polymorphisms
-3826A/G, -1766A/G and -112A/C in the promoter region, AlaB4Thr in exon 2 and Met299Leu in
exon 5 of UCPT gene are possibly associated with obesity and/or DM2. However, results are still
controversial in different populations. Thus, the aim of this study was to review the role of UCP1
in the development of these metabolic diseases. Ar Bras Endocrinol Matab. 2012;56(4):215-2
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Thermogenesis

* (A) or fatty acid (B) addition with a nearly 10-fold increase in the rate of oxygen
consumption (thermogenesis) is fully dependent on the presence of UCP1
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* Diabetes Type 2
* Heart Disease
* Obesity
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Metabollc Syndrome:
Prevalence In the United States

National Health and Nutrition Examination Survey (NHANES)
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New Powers of Brown Fat:
Fighting the Metabolic Syndrome

Jan Nedergaard,”* Tore Bengtsson,” and Barbara Cannon’
The Wenner-Gren Institute, Steckholm University, Stockholm 106 21, Sweden

‘Carrespondence: jandirmatabol su se
DCI 10,1016/ cmet.2011.02.009

An understanding of the full powers of brown adipose tissue (BAT) Is on
a paper In Nature Medicine, Bartelt et al. (2011) add further impressive aspects to the potential powers of BAT

and glucose disposal

Untd very recently, brown adipose tissue
(BAT) seemed to attract interast from
only a few hibemation researchers and
mitochondrial bicenargeticists. This was
understandable. BAT is not easily discem-
able: It has a color and texture that blends
into both fat and muscie, and it s found In
small depots spread out in differant parts
of the body, totally amounting to only
a smail percentage of total body weight
(Fsgure 1A). Yet this organ has the power
to be a main piayer in metabolism. In thelr
recent study in Nsfure Medicine, Bartelt

further energy supp®es must come from
outsige the tissue.

The study of Bartelt et al_ (2011) reveals
the ability of BAT to import and combust
tngtycerides from the circulation and
demonstrates how this uptake dslvers
substrate for continued thermogenesis.
By exposing mice to cold, Barteit et al.
optimized the acute activity of BAT, and
thes had dramatic effects on triglycerige
l2vels In the bicod. Specdically, plasma
trgtycerides {mandy in the form of chylo-
microns, L.e., the dietary faf) practically

successively being accumulatad. In

frea fatty acids from triglycende dropéets
within the brown fat cell, it also Induces
VEGF (Fredrikason et al, 2005) and lipo-
protein bpase |(LPL) gena expression
(Mitchell et al.. 1992, Bartelt et al., 2011}
VEGF leads to Increased caplllary perme-
ability, allowing plasma triglycerides to
leava the capdlanes (as edegantly videc-
recorded In vivo by Barteit et al). LPL
degrades the triglycerides and allows
fatty acids to become avallable for
combustion in the tissue thwough the
action of the plasma membrans trans-

Metabolic Diseases
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Stem Cells. 2014 Feb;32(2):572-81. doi: 10.1002/stem.1595.

Metabolically active human brown adipose tissue derived stem cells.

Silva FJ', Holt DJ. Vargas V, Yockman J, Boudina S, Atkinson D, Grainger DW, Revelo MP, Sherman W, Bull DA, Patel AN.

+ Author information

Abstract

Brown adipose tissue (BAT) plays a key role in the evolutionarily conserved mechanisms underlying energy
homeostasis in mammails. It is characterized by fat vacuoles 5-10 ym in diameter and expression of uncoupling
protein one, central to the regulation of thermogenesis. In the human newborn, BAT depots are typically grouped
around the vasculature and solid organs. These depots maintain body temperature during cold exposure by
warming the blood before its distribution to the periphery. They also ensure an optimal temperature for
biochemical reactions within solid organs. BAT had been thought to involute throughout childhood and
adolescence. Recent studies, however, have confirmed the presence of active BAT in adult humans with depots
residing in cervical, supraclavicular, mediastinal, paravertebral, and suprarenal regions. While human pluripotent
stem cells have been differentiated into functional brown adipocytes in vitro and brown adipocyte progenitor cells
have been identified in murine skeletal muscle and white adipose tissue, multipotent metabolically active BAT-
derived stem cells from a single depot have not been identified in adult humans to date. Here, we demonstrate a
clonogenic population of metabolically active BAT stem cells residing in adult humans that can: (a) be expanded
in vitro; (b) exhibit multilineage differentiation potential; and (c) functionally differentiate into metabolically active
brown adipocytes. Our study defines a new target stem cell population that can be activated to restore energy
homeostasis in vivo for the treatment of obesity and related metabolic disorders.

© 2013 AlphaMed Press.
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Diagnosed and undiagnosed diabetes
among people aged 20 years or older,

United States, 2012
Number with Percentage with
diabetes diabetes
(millions) (unadjusted)

Total
20 years or older 28.9 123
By age
20-44 4.3 4.1
45-64 13.4 16.2
65 years or older 11.2 259
By sex
Men 15.5 13.6
Women 134 11.2

Source: 2009-2012 National Health and Nutrition Examination Survey estimates applied
to 2012 US. Census data,

Diabetes
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Brown fat as a therapy for obesity and diabetes

Aaron M. Cypess and C. Ronald Kahn
Joslin Diabetes Center. Harvard Medical School, One Joslin Place, Boston, Massachusetts,

02215, USA

Abstract

Purpose of review—Human fat consists of white and brown adipose tissue (WAT and BAT).
Though most fat 1s energy-storing WAT, the thermogenic capacity of even small amounts of BAT
makes it an attractive therapeutic target for inducing weight loss through energy expenditure. This
review evaluates the recent discoveries regarding the identification of functional BAT in adult
humans and its potential as a therapy for obesity and diabetes.
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Figure 1. Prevalence of obesity among adulis aged 20 and over, by sex and age: United States,
2011—-2014

50 — Bl 20 and over | 20-39 Bl 40-59 60 and over

421
'40.2

40

30

Percent

20

10

All Men Women

‘Significantly different from those aged 20-39.
!Significantly different from women of the sama age group.

NOTES: Totals were age-adjusted by the direct method to the 2000 U.S_ census population using the age groups 20-39, 40-59,
and 60 and over. Crude estimates are 36.5% for all, 34 5% for men, and 38.5% for women.
SOURCE: CDC/NCHS, National Health and Nutrition Examination Survay, 2011-201%4.

NCHS Data Brief m No. 219 m November 2015
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E Controlling Blood Sugar to Regulate Body Weight

E July 2007

D By Debra Fulghum Bruce, PhD

n Those who struggle with obesity often suffer from dangerously elevated glucose (blood sugar) levels.

Beta-glucans (derived from oats and barley) slow the absorption of carbohydrates—enabling one to control blood

sugar levels and induce the satiety needed to achieve healthy weight management.

Side benefits of controlling blood glucose include lowering harmful blood {ats and C-reactive protein. When blood

sugar levels are stabilized, metabolic syndrome and diabetes can be averted.

In this article, we explore how beta-glucans can protect against degenerative disease while offering a decisive

advantage for those looking to take control of their blood sugar and their waistiine

Blood Sugar and Heart Disease
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strokes - Harvard Health Blog

Tight blood sugar control in type 2
diabetes linked to fewer heart
attacks and strokes

POSTED JUNE 04, 2015, 240 PM
Urmila Parlikar, Senior Content Editor, Harvard Health Publications

Diabetes damages every part of the body, from the
brain to the feet. High blood sugar, the hallmark of
diabetes, wreaks havoc on blood vessels. It makes
sense that keeping blood sugar under control
should prevent diabetes-related damage — but how
low to push blood sugar is an open question.

A study published in today’s issue of The New

Engiand Journal of Medicine (NEJM) provides
reassuring evidence that so-called tight blood sugar control is good for the heart and
circulatory system,

"Tight blood sugar control represents a new age of diabetes care,” says Dr. David Nathan,
professor of medicine at Harvard Medical School and director of both the General Clinical
Research Center and the Diabetes Center at Massachusetts General Hospital

The hazards of high blood sugar

Heart Disease : Data USA
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* Number of adults with diagnosed heart disease: 28.4 million

* Percent of adults with diagnosed heart disease: 11.7%
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Am J Physiol Heart Circ Physiol. 2016 Jun 1;310(11):H1592-605. doi: 10.1152/ajpheart.00698.2015. Epub 2016 Apr 15.

Brown adipose tissue: The heat is on the heart.

Thoonen R1, Hindle AGZ, Scherrer-Crosbie M3.

+ Author information

Abstract

The study of brown adipose tissue (BAT) has gained significant scientific interest since the discovery of
functional BAT in adult humans. The thermogenic properties of BAT are well recognized; however, data
generated in the last decade in both rodents and humans reveal therapeutic potential for BAT against
metabolic disorders and obesity. Here we review the current literature in light of a potential role for BAT in
beneficially mediating cardiovascular health. We focus mainly on BAT's actions in obesity, vascular tone,
and glucose and lipid metabolism. Furthermore, we discuss the recently discovered endocrine factors that
have a potential beneficial role in cardiovascular health. These BAT-secreted factors may have a
favorable effect against cardiovascular risk either through their metabolic role or by directly affecting the
heart.

Heart Disease
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Activated brown fat reduces cardiovascular disease

Andre Frankhuizen

Activated brown fat protects from atherosclerocsis, which reduces the risk of cardiovascular disease. This

was revealed by a recent study published in the online medical journal Nature Communications. What is
brown fat and how do you activate it?

In 2009 1t was discoverad that not only babies. bul adults too, have brown adipose tissue

. Since then
resaarch has gained momeantum. Stimulation of brown adipose tissus has been found 1o be a promising
Iherapeaulic

stratagy for obesity and metabolic syndrome. This has been evidenced by animal research and

tha affort hae alen haon fnnind in hiimane Racaarrhare at the | aidan | Inararcitu AMadiral Cantra hawa noa
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Newly I0entified Brown Fat Stem Cells Held Possibilities far Treating
Diabetes
I

e o CEo @+ o

Obesity and diabetes have become a
global epidemic leading to severe
cardiovascular disease. Researchers at the
University of Utah believe their recent
identification of brown fat stem cells in
adult humans may lead to new treatments
for heart and endocrine disorders,
according to a new studypublished in the
peer-reviewed journal Stem Cells.

The study was led by Amit N. Patei, MD. MS, director of
Clinical Regenerative Medicine and Tissue Engineering and
assoclate professor in the Division of Cardiothoracic Surgery
at the University of Utah School of Medicine.

# Prior to Patel's study, It was thought that brown fat stem cealis
did not exist in aduits. Children have large amounts of brown

¥ fat that Is highly metabolically active, which allows them to
eat large amounts of food and not gain weight. Patel notes, adults generally have an
abundance of white fat In thelr bodies, which leads to welght gain and cardiovascular
disease but this Is not seen In brown fat. As people age the amount of white fat
increases and brown fat decreases which contributes to diabetes and high
cholesterol.

Anti Aging Effects



Antl Agl ng Brown Fat increases the amount of
Effects energy given to cells
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* Brown Fat decreases as age
increases

* As Brown Fat decreases
thermoregulation is altered

* Decreases in thermoregulation
results in altered cellular function

N
o Weight loss

3
<
.
=

Immature fat cell Mature fat cell Cell swollen with fat
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* Insulin sensitivity increases as Brown Fat decreases

* Cytokine release increase as Brown Fat decreases

* |Inflammation levels increase as Brown Fat decreases
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Brown adipose tissue thermogenesis during aging and senescence.

McDonald RB'. Horwitz BA.

* Author information

Abstract

We have found that cold- and norepinephrine-induced brown adipose tissue (BAT) nonshivering thermogenesis
{NST) is significantly lower in old male Fischer 344 rats and is associated with the decreased ability of these
animals to maintain homeothermy. This decline in BAT thermogenesis is not as great in females. Although the
mechanism(s) underlying this gender difference in the age-related decrease in brown fat NST are not completely
elucidated, they do not appear to reflect decreased sympathetic neural activity of BAT in the older males vs.
females. Rather, our investigations, strongly suggest that the blunted cold-induced heat production of BAT
reflects less functional BAT. The fact that the older animals have less functional BAT than do their younger
counterparts may predispose them to the accumulation of excess body fat. Our studies have also found that
near the end of the natural life of these rats, they enter a state of senescence that can be identified by
spontaneous rapid body weight loss, resulting from decreased food intake. In this state, the rats are considerably
more susceptible to cold than are comparably aged presenescent (body weight stable) rats of the same
chronological age. The greater hypothermia exhibited by the senescent vs. presenescent rats during cold
exposure is associated with a significant reduction in the amount of functional brown fat and in the amount of
heat each brown fat cell can generate. It is the intent of this review to discuss the findings of these
investigations.

Anti Aging Effects
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Does Brown Fat Protect Against Diseases of Aging?

Mark P. Mattson

Diet and lifestyle changes, specific regimens of
mild intermittent stress, drugs that stimulate BAT
formation and activity, induction of brown adipose
cell progenitors in muscle and other tissues, and
transplantation of brown adipose cells are all
potential means of increasing BAT mass and
thermogenic activity. In addition, stimulation of
UCP expression in non-adipose cells (neurons,
muscle cells, hepatocytes and others) may prove
an effective means of protecting those cells
against severe stress and the adversities of aging.
However, while studies of such approaches in
animal models of obesity and age-related diseases
appear promising, their efficacy and safety in
human subjects remains to be established.

Anti

Aging
Effects
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Development: Brown fat: muscle
undercover? Send to a friend
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If a friend told me that fat is "'muscle undercover’, I B Order commercial

would take it as an excuse not to join me in the gym. reprints

However, two new studies in Nature now reveal that

brown fat and muscie have much more in common SEARCH PUBMED FOR
than was previously thought.

Strength and Energy



Strength and Energy

s % NIH Public Access
@é Author Manuscript

HEA

Published in final edited form as:
Curr Opin Pediatr 2010 August ; 22(4): 478-484. doi:10.1097/MOP.0b013e32833a8d6e.

The Role and Importance of Brown Adipose Tissue in Energy
Homeostasis

Aaron M. Cypess and C. Ronald Kahn
Joslin Diabetes Center. Harvard Medical School, One Joslin Place, Boston, MA 02215
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Abstract

Purpose of review—Children and adults have two major types of adipocytes, which represent
the predominant cells in white adipose tissue (WAT). which is involved in energy-storage, and
brown adipose tissue (BAT) which is responsible for thermogenesis and energy expenditure. This
review discusses BAT physiology and evaluates the recent discoveries regarding its development,
identification, and function.

Recent findings—This past year multiple independent research teams using combined positron-
emission tomography and computed tomography (PET/CT) imaging. immunohistochemistry, and
gene and protein expression have proven conclusively that adult humans have functional BAT. In
parallel, basic studies defined BAT origins, its transcriptional regulation, and the role of hormones
in BAT growth and activation. These methods have begun to be applied to children to understand
pediatric BAT anatomy and physiology.

Summary—Adult humans have functional BAT. which plays a role in energy balance. BAT is

more prevalent in children, suggesting an even greater physiological role than that seen in adults.
hnun studies will identify safe ways to quantify BAT mass and activity and which interventions
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* Brown Fat
adipocytes
remodel the
bone matrix

Hypors

* Brown
adipocytes set
up hypoxic
gradients
resulting in
increase
vascularization
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National Arthritis Prevalence Projections
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ARTHRITIS will INCREASE as the population grows and ages
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Temperatures Rising: Brown Fat and Bone

Katherine J. Motyl' and Clifford J. Rosen'’
'Maine Medical Center Research Institute 81 Research Drive Scarborough, ME 04074

Abstract

Caloric restriction is associated with a reduction in body weight and temperature but a reduction in
trabecular bone volume and paradoxically an increase in adipocytes within the bone marrow. The
nature of these adipocytes is uncertain, although there is emerging evidence of a direct relationship
between bone remodeling and brown adipocytes. For example. in heterotropic ossitication. brown
adipocytes set up a hypoxic gradient that leads to vascular invasion, chondrocyte ditfferentiation
and subsequent bone tormation. Additzonally, deletion of retinoblastoma protein in an
osteosarcoma model leads 10 increased hibernosarcoma (brown fat tumor). Interestingly. brown
adipose tissuc (BAT) senescences with age at a time when thermoregulation becomes altered.,
bone loss becomes apparent and sympathetic activity imncreasces. Interestingly, heart rate 1s an
uncxpected but good predictor of fracture nisk in elderly individuals, pointing to a key role tor the
sympathetic nervous system in sentle osteoporosis. Hence the possibihity exists that BAT could
play an indirect role in age-related bone loss. However, evidence of an indirect effect from
thermogenic dystfunction on bone loss 1s currently limited. Here, we present current evidence tor a
relationship between brown adipose tissuc and bone as well as provide novel insights into the
cftects of thermoregulation on hone mineral density.
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Alterations to adipose tissue morphology during inflammatory arthritis
is indicative of vasculopathology in DBA/1 mice

Katie Sime”, Ernest H. Choy™”, and Anwen S. Williams™"

“Dwvision of Infection and Immunity, Dagariment of Rheumatology, Cardiff Ursversity School of Medidine, Cardiff, United Kingdom “The Cardif!
Regiona! Experimental Arthritis Treatment and Evaluation Centre (CREATE Centre), Cardilf University School of Medicine, Cardilf, United Kmgdom

ABSTRACT ARTICLE HISTORY
The physiologic function of adipose tissue is altered by the host’s inflammatory response; the Received 17 August 2016
Implications for maintaining human health and regulsting Inflammation-associated diseass Revsed 7 Febiruary 2017

sted B F v I 7
progression are #l defined. However, this cannot be investigated in humans, therefore the use of Accepled B Febraary 201

ansmal models is required. With the aim to determine morpholagical and malecular alterations to KEYWORDS
perivascular and organ-associated adipose tssues dunng inflammatory arthritis, collagen-induced Adipose Tesue pernvascu by
arthritis (CIA) was established in male DEAST mace Emerging evidence from this study signpasts ClA adipose tssue; inllarmatcey
in the DBA/1 mouse as a model that is relevant 1o study the development and treatment of arthntis; visoubature;

early cardiovascular pathology associated with inflammatory arthritis. Here, we show global macrophage; Gakectin-3

morpholagical changes In adipose tissue and the thoracic aorta in animals induced with CIA
compared with the non-immunized controls. In CIA, we concluded that the increased cell count in
PVAT was, at least in part, caused by an ingress and/ar expansion of macrophages that had a mixed
phenotype. A substantial increase of galectin-3 was expressed in PVAT from mice with CIA. Gadectin-
3 is elevated in the blood of patients with CVDs, however, it has never before been measured in
PVAT in rodents or humans. Here, PYAT-assocated galectin-3 s identfied as a potential beomarker
for detecting early vascular pathology in CIA and a promising candidate for translatian to RA
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Summary

Advantages of Brown Fat

Creates heats through thermogenesis
Metabolizes white fat
Reduces glucose and lipid levels

Regulates homeostasis- balances
metabolism

Areas of Treatment

Diabetes

Heart disease
Obesity

Arthritis

Metabolic disorders



