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Brown Adipose Tissue as a Requlator of

Body Fat in Humans
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Two types of adipose tissue in mammals
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Brown adipose tissue in small rodents and humans

In small rodents, brown adipose tissue (BAT) 1s
the major site of metabolic thermogenesis during
cold exposure and overfeeding, and significantly
contributes to the control of body temperature,
whole body energy balance and adiposity.

In humans, brown adipocytes/UCP1 can be
detected 1n neonates and also 1n patients with
pheochromocytoma. But, in normal adults,
this 1s rather difficult to be detected by the
conventional anatomical methods.

{

BAT 1s absent (or of minute amounts) and
plays negligible roles for energy metabolism
in adult humans.




18F-2-deoxyglucose-positron emissiontomography

computed tomography ('F-FDG-PET/CT)

Tissue metabolic activity can be assessed from PET image of
the uptake of 1sotope-labeled fluoro-2-deoxyglucose (FDG).

High FDG uptake 1s found in cancer tissues, and also in some
normal tissues, such as the brain and heart.

Sometimes, significant FDG uptake 1s also found in adipose tissue
in the supraclavicular and paraspinal regions.
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BAT activated by acute cold exposure

Overnight fasted healthy subjects were kept in warm (27°C ), or 1n
cold (light clothing in a room at 19°C, intermittent ice-cooling of
legs), and after 2 h, 40-min FDG uptake was examined by PET.
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Saito et al, Int J Obesity 2007 Saito et al, Diabetes 2009




Human brown adipose tissue

evaluated by FDG-PET/CT

1. ltis activated by acute cold exposure.

2. The activity/prevalence is higher in winter.
3. The activity/prevalence decrease with age.
4. The activity is inversely related to adiposity.

.
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Adult human has metabolically active brown adipose tissue

Does brown fat contribute to the control of
whole body energy expenditure and adiposity?



Contribution of BAT to thermogenesis

induced by cold exposure or food intake

Forty-two healthy male subjects aged 20-30 years.

FDG-PET/CT
after 2-hr cold BAT (SUV>2)
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Cold-induced thermogenesis (CIT) and BAT

Energy expenditure was measured at 27°C ([] ) and after 2hr-

cold exposure at 19°C (| ).
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Postprandial thermogenesis (DIT) and BAT

Energy expenditure was measured after intake of a standard or high
protein meal (500kcal/63kg) in BAT-positive and -negative subjects.
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Brown adipose tissue and body fat accumulation

__ FDG-PET

r “\f‘ Brown adipose tissue
(SUV)

Body fat
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Adiposity of BAT-positive and -negative subjects

(20-72 years old, N=162)
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Age-related accumulation of visceral fat

and decrease in BAT
(BAT-positive / Total)
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Age-related accumulation of visceral fat

in BAT-negative and —positive subjects
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Age-related decrease in BAT and accumulation of body fat
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Cold-induced activation and recruitment of BAT
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BAT is recruited after repeated cold exposure

Healthy male subjects were exposed to cold at 17°C for 2h every day for 6 weeks or
kept at room temperature (Control), and energy expenditure was measured at 27°C
and again at 19°C to estimate cold-induced thermogenesis (CIT), an index of BAT
activity. Some subjects underwent FDG-PET before and after the 6-wk period.

Cold-induced thermogenesis and
FDG-uptake before and after daily
cold exposure for 6 wk

Energy expenditure at 27°C and 19°C before
and after daily cold exposure for 6 wk
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Body fat is reduced as BAT is recruited

Healthy male subjects were exposed to cold at 17°C for 2h every day for 6 weeks or kept at
room temperature (Control), and body composition was measured.
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TRP-mediated activation and recruitment of BAT
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Energy expenditure after oral ingestion of capsinoids

Capsules containing 9mg capsinoids or placebo were given to healthy male
subjects with high or no BAT activity, and their energy expenditure was
monitored for 2h.
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Daily ingestion of capsinoids recruits BAT

Cold-induced thermogenesis (CIT), an index of BAT activity, was
measured before (0 wk) and 6 wk after daily oral ingestion of
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TRP-mediated activation and recruitment of BAT

/ Cold *

TRP |«—__ Food ingredients

Capsaicin ~—

Sympathetic Capsinoids ——————m
nerve
1 e

Noradrenaline

" Mntbvl

Saito et al, Curr Opin Lipidol 2012

White Brite, Beige



Brown adipose tissue in humans

1.

Human adults, as well as small rodents, have
significant amounts of BAT, which is activated
by acute cold exposure, and can be recruited by
repeated cold exposure and some TRP agonists.

BAT is involved in cold- and diet-induced
thermogenesis.

BAT correlates negatively to adiposity, and protects
against age-related accumulation of body fat.

BAT significantly contributes to the control of
whole-body energy expenditure and body fat,
thereby being a hopeful target to combat obesity.
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Prevalence of cold-activated BAT in adult humans

From February 2006 to March 2010, a total of 184 FDG-PET/CT
examinations were conducted under a 2-hr cold condition (19 *C) for 162
healthy volunteers. None of them showed detectable BAT under a warm
condition at 27 °C.
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TRP-mediated activation and recruitment of BAT
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Seasonal variations of BAT and CIT

BAT activity and energy expenditure were measured after 2-hr cold
exposure in summer, and again in winter.
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Contribution of BAT to whole-body EE and CIT

CIT (kcal/d)

1000

500

-500

] RZ032 P=0.04
R=043 P=0.004
45 55 65 75 85
Body weight (kg)
° ... | P ;
i o ® q o® ‘. °
R=0.04 P=0.79
45 55 65 75 85
Body weight (kg)

2500

2000

1500

1000

500

1000

500

-500

R=0.35 P=0.02
°

R=10.59, P<0.0001
40 45 50 55 60 65
Fat-free mass (kg)
i * o ° * .
[ J
‘o. ° .:
- e e 'a.“:'.:"
[ J eo® ©0°
R=-0.04, P=0.81
40 45 50 55 60 65

Fat-free mass (kg)

2500

2000

1500

1000

500

1000

500

-500

R=0.45, P=0.008

27°C

R=-0.26, P=0.14
T T T T T

0 3 6 9 12 15 18
BAT activity (SUV)

..~ [}
@ o°

R=0.63, P<0.0001

0

3 6 9 12 15 18
BAT activity (SUV)



Detection of human BAT by FDG-PET/CT

170  Tae JournaL oF NucLEAR MEDICINE = Vol 4}-1 * No. 2 + February 2003

Uptake 1n Supraclavicular Area Fat (“USA-Fat™):
Description on *F-FDG PET/CT

Christian Cohade, MD?: Medhat Osman. MDD, PhDD!: Hampreet K. Panou, MD?; and Richard L. Wahl, WD!

I Division of Nuclear Medicine, The Russell H Morgan Department of Radiology and Radiological Sciences, The Johns Hopkins
Hospital, Baltimore, Maryiand; and “Division of Bodv CT, The Russell H Morgan Department of Radiclogy and Radiological
Sciences, The Johns Hopkins Hospital, Baltimore, Maryland




Cold-induced activation and recruitment of BAT
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Age-related changes in BMI and BAT prevalence

(20-72 years old, N=162)
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Age-related change in BMI

of BAT-negative and —positive subjects
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Contribution of brown fat to thermogenesis

induced by cold exposure and food intake
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AEnergy expenditure
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Clinical and experimental studies on human BAT

City, Country

Age

Experimental prospective studies)

Lichtenbelt et al (2009) Maastricht, Netherland
Orava et al (2011)
Yoneshiro et al (2011)

Turku, Finland
Sapporo, Japan

Clinical retrospective studies)

Cohade et al (2003)
Cypess et al (2009)
Stefan et al (2009)
Au-Yong et al (2009)
Lee et al (2010)
Quellet V et al (2011)
Gilsanz et al (2011)
Zukotynski et al (2010) Boston, USA

Baltimore, USA
Boston, USA
Tubingen, Germany
Nottingham, UK
Sydney, Australia
Quebec, Canada
Los Angeles, USA
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Energy expenditure after cold exposure

Energy expenditure was measured at 27°C (
cold exposure at 19°C (Il IH)

Energy expenditure

) and after 2hr-

4 Energy expenditure
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BMI (kg/m?) 306 + 2.4 303 + 2.4 0 20 F ‘
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Human brown adipose tissue

1. Can be evaluated by FDG-PET/CT.
2.

=~ W

Is found 1n the supraclavicular and
paravertebral regions.

The activity
shows seasonal variations,

(low 1n summer and high in winter)

1s lower 1n more obese subjects,
decreases with age.
shows individual variations.

Is undetectable under warm conditions.
Is activated by acute cold exposure.

Saito M et al, Diabetes2009



Profile of healthy male subjects

BAT (+) n=23 BAT (-) n=19
SUV 52 = 0.7 1.2 £0.1
Age 249 +0.9 23.7 =0.8
Height (cm) 1719 £1.2 1743 £ 1.1
Weight  (kg) 64.3 £ 2.0 67.2 =15
BMI  (kg/m?) 218 £0.7 221 £04
Body Fat (%) 17.8 £1.2 16.8 = 1.1
Lean mass (kg) 524 +=1.0 55.7 = 1.1




Human BAT activated by acute cold exposure

On February 22, 2006, 3 healthy subjects were fasted overnight, and
underwent FDG-PET/CT 1n either warm (27°C ) or cold (at 19°C,
light clothing, intermittent ice-cooling of legs).
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Saito et al, Int J Obesity 2007 Saito et al, Diabetes 2009



