Protein Modification
in Disease:
The Role of O-GlcNAcylation |

51"%5'6 ’[
s Wéé LLroclentia

\ﬁ “ fon p LY
A



PROTEIN MODIFICATION
IN DISEASE: THE ROLE OF
O-GLCNACYLATION

Professor Benjamin Lauzier, Dr Manon Denis, and Dr Thomas Dupas

carry out their vital research at l'institut du thorax and the University

of Nantes in France, working closely with different international

partners such as the Sainte-Justine Research Center and the

Montreal Heart Institute (both in Canada). Their work focuses on a

particular type of protein modification called O-GlcNAcylation, which
has been associated with a large number of health conditions. They

are particularly interested in the role of O-GlcNAcylation with a focus

on cardiac failure during sepsis.

A Closer Look at Building Proteins

Proteins are made from long chains of
amino acids that are then folded in on
themselves in specific ways. They are
large molecules with complex structures
that have many vital roles in the
body. Examples include insulin which
regulates blood sugar, haemoglobin
which transports oxygen in red blood
cells, and enzymes which work in all
parts of the body, from inside cells to the
digestive system.

Proteins are synthesised in cells by a
process called translation. Particular
types of genetic material (MRNA and
tRNA) and enzymes work together to
connect amino acids (the building
blocks of proteins) to form a long
chain (the protein). Post-translational
modifications can then occur, providing
the final touches to the protein-building
process, before the protein then goes
on to perform its designated role
within the body. Post-translational
modifications (such as phosphorylation,
O-GlcNAcylation  and  ubiquitination)
play a key role in biology by modifying
the properties of the proteins (including
activity, expression and localisation).

Professor Benjamin Lauzier, Dr Manon
Denis, and Dr Thomas Dupas are all
based at linstitut du thorax and the
University of Nantes in France. They
work closely with different international
partners such as the
Catholique de Louvain (Belgium), and
the Sainte-Justine Research Center

Université

and Montreal Heart Institute (both in
Canada).

They focus their efforts on a form of
post-translational modification called
O-linked-R-N-acetyl glucosaminylation,
commonly referred to as O-N-acetyl

glucosaminylation  (and  shortened
to  O-GlcNAcylation or  O-GlcNAc).
It involves a small sugar molecule
(the monosaccharide R-D-N-

acetylglucosamine)  being  attached
to particular amino acids (serine and
threonine) in the protein molecule.
This process is reversible, meaning the
small sugar molecule can be added and
removed by specific enzymes. Recently,
new molecules have been designed that
can affect these enzymes and, in turn,
the levels of O-GlcNAc, giving scientists
new options for investigation.

Since its discovery in the mid-1980s,
O-GlcNAcylation has been identified in
over 8,000 different human proteins,

and it has been linked to a wide
range of health conditions, including
neurodegenerative  conditions  like
Alzheimer’s disease and Parkinson’s
disease, as well as cardiovascular
diseases, cancer, diabetes, infections
and sepsis. Professor Lauzier and Dr
Denis both specialise in cardiac diseases
and stresses, and are driving forward our
understanding of O-GIcNAc.

Identifying New Cardioprotective
Therapies

The World Health Organization states
that cardiovascular diseases are the
leading cause of death globally, causing
around 17.9 million deaths annually.
In 2019, Professor Lauzier, Dr Denis



and the team conducted a review of the current literature on
O-GlcNAcylation and cardiac pathologies. They found that this
particular area had been relatively underexplored, with much
of the research focus being on O-GIcNAc in chronic, long-term
diseases such as diabetes and Alzheimer’s disease.

They identified that the levels of O-GIcNAc can be beneficial
or harmful depending on the context. High levels of O-GlcNAc
are usually found in chronic diseases, where they are thought
to be deleterious. However, levels are also high during acute
physiological stresses in the body, like ischemia-reperfusion
(when blood supply is restricted to a particular tissue and then
re-established) or haemorrhagic shock (when a person loses a
large volume of blood), in which the pharmacological increase
in O-GlcNAc is reported to be beneficial.

The team reasoned that in the context of acute stresses on
the body, being able to increase the levels O-GlcNAc could
potentially represent a new cardioprotective therapy to prevent
the heart from being damaged in particular situations. However,
they warned that the potentially negative effects would need to
be properly identified before any therapy could be used in the
clinical setting.

Professor Lauzier and his colleagues were able to investigate
this particular post-translational modification in the wake of
new analytical tools which had recently been developed, as well
as new molecules designed to increase the levels of O-GIcNAc.
They saw that these advances would allow them to gain a better
understanding of the mechanism associated with the beneficial
effects of increased levels and also the exact role of O-GlcNAc on
protein function.
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Investigating O-GlcNAc During Postnatal Development

Professor Lauzier and Dr Denis later teamed up with Dr Dupas to
investigate O-GIcNAc levels using animal models (rats). O-GlcNAc
is considered to be a nutrient sensorimpacting the ability of cells
to recognise and respond to different fuel sources, like glucose.
A cell will only produce the molecules required to deal with a
particular fuel at that time so it can conserve resources.

The researchers noted that in the womb, rats receive most of
their fuel as carbohydrates, whereas after birth, this is switched
to fatty acids from the mother’s milk. As adults, the rats then
receive their metabolic sources from a combination of both
carbohydrates and fatty acids. So, they assessed the changes in
O-GlcNAc levels as well as the enzymes and metabolites which
regulate the process during the first stages of the rats’ lives. They
aimed to determine the impact of O-GlcNAc on cardiac proteins.
They checked O-GIcNAc levels in the heart, brain, and liver of the
rats at various stages of development up until they were 84 days
old.

They found that O-GIcNAc levels decreased drastically and
progressively in the heart tissue from birth to day 84, with the
complete opposite happening in the liver and brain. They
concluded that O-GlcNAc levels in any of the tissues were
unaffected by the rats’ diet and that the production of enzymes
and metabolites regulating O-GlcNAc was dependent on the
particular tissue.

Their vital research also identified changes in particular
O-GlcNAcylated cardiac proteins that are involved in stress
responses and energy metabolism. These proteins only had this
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post-translational modification when
the rat pups were very young, suggesting
a specific role of these proteins at
this given age, and opening up more
potential avenues of research.

Tackling Another Killer

Sepsisis a life-threatening condition that
occurs when the body has an extreme
response to an infection. According to
the World Health Organization, in 2017,
there were estimated to have been
around 48.9 million sepsis cases and 11
million sepsis-related deaths worldwide.
This accounted for about 20% of all
global deaths in that year. Shockingly,
around half of these cases occurred in
children, with 20 million cases and 2.9
million deaths globally, sadly being in
children under five years old.

With a new understanding of O-GIcNAc
levels, Professor Lauzier, Dr Denis and Dr
Dupas continued their ground-breaking
research, this time investigating
O-GlcNAc levels and sepsis. They found
that sepsis in children is something
that has been less well studied despite
this population being at particular risk.
Children have a different metabolism
from adults so sepsis models - and
research was urgently needed to reflect
this.
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The team continued to use animal
models, finding that stimulating
O-GlcNAc levels were beneficial in adult
septic rats. However, since this post-
translational modification was higher
anyway in young rats, they reasoned that
the therapeutic potential of this method
could be limited in this age range. As
such, they evaluated whether O-GlcNAc
stimulation could improve the outcome
of young rats with sepsis.

Professor Lauzier and his colleagues
used two groups of 28-day-old rats
(comparable in age to young children).
One group was used as a control to
ensure a fair comparison, and the rats in
the other group were given aninjection to
induce sepsis. The rats in this group were
then assigned to receive no therapy, just
fluids or fluids plus NButGT, a substance
thatincreases O-GIcNAc levels.

They carefully monitored the rats,
physiological
parameters such as arterial blood
pressure (given that low blood pressure
occurs during sepsis) and then mapped
the cardiac O-GlcNAcylated proteins.
Their results showed that the induced

recording various

septic shock resulted in a decrease in
the mean arterial pressure and altered
biological parameters. Treatment with
NBuUtGT compared to just fluid therapy

was associated with an improvement
in arterial pressure, so Professor Lauzier
and his colleagues were able to conclude
that O-GlcNAc stimulation does improve
the outcomes of young septic rats. They
also identified a particular enzyme
called ATP citrate lyase amongst the
O-GlcNAcylated proteins and that many
of these proteins were mostly involved
in the metabolism of the cell, adding
more pieces to the puzzle of the role of
O-GlcNAC.

What Lies Ahead

In 2022, Professor Lauzier, Dr Dupas and
colleagues teamed up again to check for
new information relating to O-GIcNAc,
since the development of new analytical
tools and molecules which can affect
the levels. They conducted another
literature review to further decipher
the role of O-GIcNAc, and in particular,
better understand its involvement in
the development of diseases and the
potential for a role in the development
of new therapies to modulate O-GIcNAc
levels.

Their review provided a detailed
overview of the current tools that
are available which allow the study
of O-GlcNAc and the identification of
O-GlcNAcylated proteins.  They also
discussed pharmacological modulators,
approaches for studying O-GlcNAc levels,
and O-GlcNAcylomic profiling.

Professor Lauzier, Dr Denis, and Dr
propose that despite the
development of several approaches
over the last three decades, knowledge
of the role and regulation of O-GlcNAc
remains unfortunately limited. They
argue that contributing to a better

Dupas

understanding of the methods used for
studying O-GlcNAcylation will promote
the development of new strategies
for exploring this particular post-
translational modification which may
be critical to a wide range of health
conditions and diseases.
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