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The Impact of Alzheimer’s Disease

Alzheimer’s disease (AD) is the most 
common form of dementia, thought 
to cause around 60% to 70% of all 
cases and impacting senior citizens 
– who are valuable assets to every 
society. According to the World Health 
Organization, dementia is the 7th leading 
cause of death and one of the main 
causes of disability and dependency in 
older people around the world. In 2019 
alone, dementia cost global economies 
1.3 trillion US dollars, with around half 
that value attributed to care provided 
by family and close friends. By affecting 
a person’s thinking and memory, AD 
impacts the ability to perform day-
to-day activities, including self-care. 
It is a neurodegenerative disease, 
causing damage to the brain over time 
and, consequently, a loss of function. 
Although some treatments are available 
to help slow the progression and avail a 
few more years of life, there are currently 
no cures.

The build-up of a protein fragment 
(or peptide) called amyloid-beta 
(amyloid-ß) has been widely recognised 
as an indicative marker of AD. This 
molecule accumulates on nerve cells in 

the brain, forming plaques that disrupt 
cell communication and eventually 
contribute to their death. Some 
treatments are undergoing clinical 
trials that target and reduce amyloid-ß 
in the brain, but there is still much to 
understand about this protein fragment. 

Dr Ibrahim Javed carries out research at 
the Clinical and Health Sciences Unit at 
the University of South Australia and the 
Australian Institute for Bioengineering 
and Nanotechnology at The University 
of Queensland. Along with his team, he 
aims to find out more about amyloid-ß 
and its link to gut bacteria and, in 
particular, better understand the roles of 
this molecule within the body. This will 
help us understand why this molecule 
which leads to AD, is produced in the 
body and why it makes plaques. His team 
has discovered potential targets for new 
AD medicines and novel anti-infectives.

The Gut-Brain Axis

Dr Javed explains that the gut 
microbiome, the delicate balance of 
microorganisms that are found in the 
human digestive system, is essential for 
regulating processes in the body and 
can also play a role in the development 

of a wide range of disorders, such as 
inflammation, obesity, depression, 
cancer, and dementia and dictate the 
quality of ageing. His research explores 
the gut-brain axis, which is a two-way 
communication between these two 
parts of the body using biochemical 
molecules, with a particular focus on the 
role and impact of gut bacteria in this 
communication. He adds that there is a 
link between the metabolites (products 
of metabolism) of the gut microbiome 
and AD, where these specific metabolites 
serve as a language of crosstalk between 
the gut and the brain. Understanding 
this communication can highlight new 
targets for potential treatments.

In his earlier work, Dr Javed examined the 
aggregation and toxicity of amyloid-ß, 
which has been seeded by FapC amyloid 
fragments (FapCS). These are fragments 
of proteins produced by a particular type 
of bacteria which can infect the gut, called 
Pseudomonas aeruginosa. He says that 
the FapCS showed favourable binding 
with amyloid-ß and a capacity to speed 
up (catalyse) the beginnings (or seeding) 
of amyloidosis, the abnormal build-up 
of amyloid-ß associated with AD. He was 
able to determine the complex structural 
changes occurring within the molecules, 
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offering the first concrete evidence for the process, thereby 
bridging the knowledge gap in understanding the catalytic role 
of infectious bacteria promoting the development of amyloid-ß 
plaques. Dr Javed suggests this could be used as a potential 
therapeutic target, but there is still more to learn about the role 
of amyloid-ß in the body.

Amyloid-ß in the Gut 

Dr Javed and his colleagues continued to investigate amyloid-ß, 
noting that this peptide has also been found in the intestinal 
tissues of AD patients as well as animal models of this disease. 
Although the build-up of amyloid-ß and the formation of plaques 
in the brain is linked to dementia, its presence in the gut tissue 
implies that it must have some kind of function here. Dr Javed 
stresses that it is necessary to fully investigate the physiological 
roles of the peptide to determine if it provides any benefits. He 
suggests that potentially, only the aggregated form that creates 
the plaques in the brain is detrimental, whereas the other form, 
amyloid-ß monomers (the smaller molecules which link together 
to form a peptide or eventually a much larger protein molecule), 
found elsewhere, have a vital role in the body.

The team carried out an in-vivo investigation with zebrafish, using 
live imaging to observe amyloid-ß diffuse into the vasculatures 
and tissues. They found that it localised with FapC or CsgA 
fibrils that had been injected into the tail muscles of the fish. 
FapC and CsgA fibrils are proteins produced by the infectious 
bacteria Pseudomonas aeruginosa and Escherichia coli, which 
are opportunistic gut pathogens. Dr Javed adds that after 
amyloid-ß treatment, the FapC aggregates produced, while toxic 
to particular types of neuronal cells (SH-SY5Y), were, in fact, non-

toxic to intestinal cells (Caco-2). After interacting with amyloid-ß, 
which resulted in remodelling of the microbial fibril protein 
structure, these molecules then lost their function. The microbial 
fibrils could no longer adhere to the intestinal Caco-2 cells, and 
the amyloid-ß also dissolved and detached the microbial fibrils 
already attached to the intestinal cell membrane.

Pathing the Way for Novel Treatments

Dr Javed’s study indicates that amyloid-ß monomers have an 
anti-biofilm role since they target and disintegrate microbial 
fibrils of FapC and CsgA formed by the opportunistic gut 
pathogens Pseudomonas aeruginosa and Escherichia coli. 
Biofilms are protective castles formed by microbial colonies, 
which are hard to remove and also difficult for anti-infectives to 
penetrate, so the ability to disrupt or prevent the formation of 
these is an extremely useful weapon against fighting infections. 
He adds that amyloid-ß can be nature’s way of dealing with 
microbial biofilms and infections in the body, which could lead 
to the development of new biomimetic anti-infectives. This is 
particularly good news as Pseudomonas aeruginosa is listed as 
a priority pathogen by the World Health Organization as a type of 
bacteria posing significant threat to health due to the emergence 
of anti-infective resistant strains.

Dr Javed and his colleagues have shed a bright light on the 
complex and varied nature of amyloid-ß, and their research 
offers a potential explanation of the role of amyloid-ß in the 
gut-brain axis. Dr Javed explains that armed with a deeper 
understanding of amyloid-ß, their findings could also help aid 
the future development of new medicines to treat AD.
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