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A transcription factor known as Early B-Cell Factor 1 (EBF1) is key

to the formation of fat cells, called adipocytes. Although it is also

active in mature adipocytes, the function of EBF1 at this stage has

been unclear. Dr Michael Griffin at Sam Houston State University in
Texas is investigating how EBF1 is involved in the process of adipose

tissue inflammation caused by obesity. This type of inflammation

is believed to be the underlying cause of a multitude of diseases

ranging from diabetes to cancer.

Obesity Worldwide

The World Health Organisation
estimates that globally, around 40%

of people are overweight and 13% are
obese. Defined as having an excess of fat
that can have adverse effects on health,
an overweight or obese diagnosis is
usually given after a person’s body mass
index (BMI) is shown to be over 25 or
over 30, respectively. BMI is calculated
by dividing a person’s weight by the
square of their height in meters (kg/m2).
With prevalence in under 19s rising from
4% in 1975 to 18% in 2016, more deaths
are now linked with being overweight
than underweight worldwide.

Gaining excessive weight occurs when
calories, or energy intake, is greater than
energy expended. Commonly, this is
down to too little physical activity and
consuming fat-rich and sugary food and
drinks, which are more readily available
than they used to be. The modern age
has introduced more sedentary jobs
and easier access to transportation,
both of which decrease a person’s
calorie expenditure, and this may
explain the rise in obesity levels.

Risks of Obesity

Being overweight can give rise to
numerous health consequences -
cardiovascular diseases, such as
strokes, were the number one cause
of death globally in 2012. Other risks
include musculoskeletal disorders
like osteoarthritis, numerous cancers
like those of the liver, kidney and
gallbladder, and in addition, type 2
diabetes mellitus.

There are two types of diabetes - type
1 diabetes is an autoimmune disorder,
which causes your body to destroy

the cells in the pancreas that make
insulin. Type 2 diabetes is a condition
that begins when, for any number

of complex reasons, tissue cells like
muscle and fat become resistant to the
actions of insulin. Eventually, this wears
out the pancreas, whereby it doesn’t
make enough insulin, or it becomes
ineffective. This form, generally caused
by being overweight, accounts for 90%
of all diabetes cases.
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Normally, your pancreas produces
and releases the insulin hormone in
response to blood glucose (sugar)
levels rising after eating and drinking.
Insulin allows the glucose to enter
cells to give them fuel for metabolic
processes. However, if the insulin is not
working properly, or your cells don’t
respond to it, glucose in the blood will
become dangerously elevated. More
and more insulin will be released to

try and combat this until eventually,
the pancreas tires out and makes too
little insulin, leading to a condition
called hyperglycaemia. Without proper
management, type 2 diabetes can
gradually lead to damage throughout
the body, with the potential to cause
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debilitating or even life-threatening ailments. Damage to the
kidneys, eyes, feet, gums and other organs may all occur if
blood sugar levels are not properly controlled.

Sufferers of type 2 diabetes may experience fatigue, unusual

thirst, slow-healing injuries and blurred vision, but their
symptoms tend to be easier to manage than those with type 1.
A balanced diet and active lifestyle are great ways to combat
type 2 diabetes as well as obesity, but medication and insulin
injections can also be given.

EBF1 in Adipocyte Inflammation

Another potential consequence of obesity is fat cells
(adipocytes) becoming inflamed. Inflammation is a natural
immune response to harmful stimuli such as injury and
infection, with the goal of protecting the body. Various
chemicals, antibodies and proteins are released and sent to
the affected site, in addition to increased blood flow. In healthy
responses, inflammation is acute, meaning it is confined to
the area of concern and dies down once the threat has passed.
However, when this does not happen, perhaps because the
trigger has not been resolved, inflammation can become
chronic.

Chronicinflammation of adipose tissue may be an underlying
cause of many of the health issues that can accompany obesity,
such as tissue damage, insulin resistance, diabetes, cancer

and others, because they often go hand-in-hand. In fact, it has
been shown that people who are obese typically have two to
three times more immune factors (small molecules involved

in the immune and inflammatory response) in their blood
plasma than what is considered normal. Adipocytes and the
mechanisms by which inflammation occurs in them is the focus
of Dr Michael Griffin’s research.

Based at Sam Houston State University in Texas, Dr Griffin
and his team have gained novel insights into the biological
pathways in adipocytes. He and his team determined that a
promising target for investigation was a transcription factor
called Early B-Cell Factor 1 (EBF1).

Transcription factors are proteins that control the first step

of decoding the genome and making proteins that carry out
the function of cells - transcription. Binding to a specific DNA
sequence, they determine whether or not individual genes

are allowed to be transcribed, which ensures the genes are
expressed at the right time, place and amount. EBF1 was
already known to be important in the formation of adipocytes,
but very little information was available on why it can be found
at high levels in mature cells and therefore which pathways it
might regulate that lead to inflammation. To rectify this, the
team set out to investigate the function of EBF1 in mature
adipocytes and its targets for regulation.
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Investigating EBF1 Regulation and
Function

The team utilised two techniques
in their research - transcriptional
profiling and genome location analysis.
Transcriptional profiling, also known

as expression profiling, measures the
expression of genes in a cell. When a
gene is expressed, it means that it has
gone through transcription to produce
a small RNA strand which will go on to
code for a protein. Therefore, to find
out which genes are being expressed

in a specific cell, you can measure

how much of their consequent RNA is
presentin it.

Dr Griffin used this technique in
adipocytes that had had the genes
coding for the EBF1 knocked out
(removed), resulting in cells that were
deficient in the transcription factor. This
meant that they could decipher which
genes it controls and normally allows to
be expressed. They also used genome-
wide location analysis to establish
where the genes that code for EBF1 are
found on the genome.

He identified around 35,000 places
where EBF1 binds to DNA to aid gene
regulation. A few thousand of these sites
are specific to adipocytes, meaning they
are not found in other types of cells.
Most of the sites that EBF1 occupies

are called enhancers, which are small
sections of DNA that promote (increase
the likelihood) of a particular gene being
transcribed when a transcription factor
is boundto it.

In addition to these findings, the team
found thatin cells that lacked EBF1, the
signalling from multiple metabolic and
inflammatory pathways was reduced,
suggesting that the transcription factor
directly regulates their components.
Some of the processes affected included
the PI3K/AKT pathway, which regulates
the cell cycle and survival, the MAPK
pathway, which reads external signals
to elicit appropriate responses and, the
STAT1 pathway, which is involved in the
immune response.

1. Stomach converts
food to glucose
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In total, Dr Griffin observed that the
expression of 600 genes was altered by
knockout of EBF1 in mature adipocytes.
Many of these genes encode important
intermediates in various signalling
pathways, interestingly, including ones
involved in inflammatory responses.
The team also noticed a reduction in
glucose uptake into cells in response
toinsulin, as well as diminished
lipogenesis (fat creation). Overall,

they concluded that EBF1 in fat cells
plays an important role in regulating
inflammation and insulin signalling.

Digging Deeper

The results of Dr Griffin’s initial study
have helped us to understand the

role of EBF1 in adipocytes and how it
utilises transcription regulation to alter
anumber of signalling pathways as well
as inflammation.

Now, Dr Griffin wants to focus his
attention on digging deeper into

this topic and finding out how EBF1
regulates inflammatory signalling in
adipocytes. He has uncovered novel
protein-protein interactions between
the EBF1 protein and another well-
known inflammatory transcription
factor. This means that inflammatory
pathways that we are already aware
of are likely to kick off EBF1’s role

in inflammation of adipocytes. It
also suggests that the development
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of drugs designed to block these
interactions could one day represent
aviable treatment for Type 2 diabetes
associated with obesity.

Therapeutics for Multiple Diseases
Associated with Obesity

There is substantial evidence that
chronic inflammation of adipose
tissue as a result of being overweight
is likely to be the root cause of many
subsequent diseases (diabetes, heart
disease, cancer etc). If the mechanisms
behind this inflammation can be
fully understood, the development
of therapeutics that combat multiple
obesity-caused diseases at the same
time, is possible.

Designing drugs that utilise this
information, especially regarding EBF1,
may be an exciting avenue to explore

in the future. A healthy diet with a good
amount of exercise is always beneficial
for treating obesity. But taking into
account knowledge of inflammation
could aid the prescription of
personalised diets and exercise regimes,
to better the quality of support and

care of those who experience obesity.
Dr Griffin hopes that understanding

the inflammation pathways regulated
by EBF1 will aid in the development of
future therapeutics with the potential to
treat multiple illnesses at once.
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