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Fat is Fat, Right?

Humans and other animals must consume 
calories if they are to move and survive. 
These are obtained from food in the form 
of carbohydrates, protein and fat. The 
long-term overconsumption of calories 
(where more calories are eaten than 
used) in food leads to these calories 
being stored as white adipose tissue 
(WAT), more commonly referred to as ‘fat’. 
From an evolutionary perspective, storing 
calories for future use was necessary, as 
our next meal was never guaranteed. 
However, as modern humans, with easy 
access to calorie-rich foods, excess WAT 
poses a threat to health by increasing the 
risk of diseases, including obesity, insulin 
resistance and metabolic syndrome. 

Brown adipose tissue (BAT), in contrast, 
is what is known as ‘metabolically active’. 
This means it is rich in mitochondria and 
can generate heat and expend energy, 
unlike WAT, which acts as long-term 
storage for calories. Because of these 
properties, BAT does not pose the same 
health risk as WAT and is actually cardio-
protective, making it a promising target for 
therapeutic strategies to combat obesity. 

BAT – Not Just for Kids

It was initially thought that only babies 
had BAT, and that it was there to keep 
them warm, given their high surface area 
to mass ratio. Over the last decade or so, 
imaging technology developments have 
shown us that adult humans also possess 
BAT, although in much smaller amounts. 
BAT plays a similar role here, where it 
expends energy to help keep us warm in 
cold temperatures, a process called ‘non-
shivering thermogenesis’. 

This  provis ion of  heat  occurs  v ia 
the sensing of the neurotransmitter 
noradrenaline (norepinephrine for our 
American readers), which initiates a series 
of processes that lead to the expenditure 
of energy by the removal of glucose and 
fats from the bloodstream and eventually 
the breakdown of fat stored within BAT. 
This sensing of noradrenaline (called 
‘beta-activation’) also leads to the 
activation of the uncoupling protein-1 
(UCP1) gene, which further increases 
energy expenditure by heat production 
via a rise in a molecule that regulates 
brown fat cell function called ‘cyclic 
adenosine monophosphate’ or ‘cAMP’. 

P ro fe s s o r  A a ro n  B ro w n  f ro m  t h e 
MaineHealth Institute for Research in the 
USA explains that these mechanisms of 
increasing how much energy we burn 
provide a very promising area for obesity 
research, which stems from the recognition 
that traditional weight management 
approaches, such as diet and exercise, 
often fall short in delivering sustainable 
long-term results.

The Challenge with Activating BAT

The challenge, says Professor Brown, is 
activating these processes to increase 
energy expenditure on demand. Drug 
trials attempting to artificially initiate these 
processes have had limited success. For 
example, Myrbetriq (a drug used to treat 
overactive bladders) has been shown to 
stimulate BAT activity but is unlikely to 
have any tangible benefits to weight loss 
at the currently approved safe dosage. 
Other efforts to activate BAT have been 
attempted using molecules that directly 
stimulate beta-activation. However, these 
often have negative side effects that are 
not easily reversible and increase the risk 
of cardiometabolic disease –the opposite 
effect of what is intended. This price is 
simply not worth the cost! 

BROWN ADIPOSE TISSUE 
AND OPTOGENETICS – THE 
NEXT STEP IN OBESITY 
TREATMENT? 
Adipose tissue is more commonly known as body fat. Unlike white 
adipose tissue, which is linked to negative cardiovascular outcomes 
such as metabolic syndrome, brown adipose tissue is positively 
related to health and may reduce the risk of cardiometabolic diseases. 
Professor Aaron Brown and his team at the MaineHealth Institute for 
Research are working to understand brown adipose tissue regulation 
and explore its therapeutic potential. They have already made 
significant advancements through the application of optogenetics, a 
cutting-edge technique that harnesses the power of light to precisely 
manipulate specific cellular processes.
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The (Blue) Light at the End of the Tunnel

Technological advancement has made new approaches possible, 
and the state-of-the-art technique of optogenetics might hold 
the key to unlocking the potential of BAT. Optogenetics uses light 
to control specific processes of cells via light-sensitive proteins, 
and previous research has shown that blue light used on specific 
proteins activates the processes described above and can even 
lower blood glucose levels. Professor Brown’s research group 
conducted experiments to see if a more direct approach could be 
taken by using blue light to activate UCP1 by genetically modifying 
brown fat cells. 

Professor Brown’s team successfully engineered brown fat cells 
that can be activated by light. They achieved this by harnessing 
a light-inducible gene derived from a soil-dwelling bacterium. 
This innovative methodology enabled them to delve into the 
potential of light-based activation for brown fat cells. They 
found that stimulating these photo-sensitive cells with blue 
light led to increased concentrations of cAMP and increased 
expression of UCP1. These mechanisms are pivotal in initiating 
heat production within BAT, and, therefore, could be a way to 
increase energy expenditure. 

Professor Brown’s team looked closely at fuel uptake in brown 
fat cells, finding that glucose and fat uptake was greater in cells 
stimulated by blue light. Additionally, this light stimulation 
prompted the release of heat from the cells. Importantly, they 
also found that brown fat cells deficient in UCP1 did not respond 
in the same way, as no heat was produced. This exciting finding 
provides the first elucidation in which UCP1 has been shown to 
be activatable within brown fat cells using optogenetic techniques 
and represents a pivotal advancement in our understanding of how 
UCP1 can be harnessed to generate heat within brown fat cells.

By shedding light on the mechanisms by which brown fat cells 
can increase energy expenditure through optogenetic activation, 
Professor Brown’s work paves the way for developing potential 
therapies to reverse obesity-related disorders. Other recent work 
has demonstrated that implanting a wireless optogenetic device 
into mice genetically altered to contain a different type of light-
activated cells can protect them against obesity. While these 
experimental approaches are not yet ready for use in humans, 
the hope for effective obesity therapies shines brighter than ever.

Brown fat cell
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Professor Aaron Brown graduated from the University of Maine in 
1994 with an Associate of Arts degree and a Bachelor of Science 
in Biochemistry. He advanced his laboratory skills and expertise 
by completing research positions at The Jackson Laboratory 
in Bar Harbor. Then, he completed a PhD in Biochemistry and 
Molecular Biology in a joint venture between the University of 
Maine and The Jackson Laboratory. Professor Brown is currently 
a faculty scientist at the MaineHealth Institute for Research, where 
his team is working to create mouse and human models to study 
brown adipose tissue to elucidate novel therapeutics for obesity. 
Professor Brown holds two patents arising from his research (US 
Patent 20,150,275,168 – Culture conditions for expansion of nephron 
progenitor cells; US Patent 11,279,915 B2 – Methods, compositions 
and kits for producing beige adipocytes and treating metabolic 
disorders) and has another patent pending (Methods and system 
for optogenetic stimulation of adipocytes).
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