MedicalZpress

How diet and medication impact gut bacteria
and human health

August 30 2019, by Christian Urban

The nematode Caenorhabditis elegans served as a model system to study microbe-
host-drug interactions. Credit: Dr. Filipe Cabreiro, Host-Microbe Co-
Metabolism Group, MRC-LMS

Research published in Cell on 29th August by the groups of Filipe
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Cabreiro from the MRC London Institute of Medical Sciences and
Imperial College and Christoph Kaleta from Kiel University in Germany
has demonstrated that diet can alter the effectiveness of a type-2
diabetes drug via its action on gut bacteria.

Bacteria that reside in our gastrointestinal tract, referred to as the gut
microbiome, produce numerous molecules capable of influencing health
and disease. The function of the gut microbiome is known to be
regulated by both diet and drugs such as the drug metformin, which is
used to treat type-2 diabetes and has been shown to extend the lifespan
of several organisms. However, understanding the complicated, multi-
directional relationships between diet, drugs and the gut microbiome
represents a considerable challenge. "Disentangling this network of
interactions is of utmost importance since the specific mechanism of
action of metformin is still unclear," says Filipe Cabreiro.

A new screening technique

Cabreiro and his team developed an innovative four-way high-
throughput screening technique to better understand how diet, drugs and
the gut microbiome interact to influence host physiology. They used the
nematode worm Caenorhabditis elegans colonized with the human gut
bacteria Escherichia coli as a simplified host-microbiome model and
exposed it to metformin in the presence of hundreds of different
nutritional compounds. They found that metformin treatment altered the
metabolism and lifespan of the C. elegans host and that these effects
could be either enhanced or suppressed by specific nutrients. Crucially,
it was revealed that the gut bacteria played a key role in mediating this
phenomenon.

The importance of the diet and gut bacteria explain why metformin was
previously shown to have no effect on the lifespan of another commonly
studied organism, the fruit fly. Helena Cochemé, who collaborated on
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this study says "As it turned out, the typical laboratory food of fruit flies

is rich in sugars. After taking away the sugar we also saw positive effects
of metformin in fruit flies colonized with E. coli."

Bacterial nutrient signaling is a central modulator of
microbe-host-drug interactions

Further analysis revealed that bacteria possess a sophisticated
mechanism that enables them to coordinate nutritional and metformin
signals and to rewire their own metabolism accordingly. As a result of
this adaptation, the bacteria accumulate a metabolite called agmatine

which was shown to be required for the positive effects of metformin on
host health.
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Kaleta applied mathematical modelling to study microbe-host-drug interactions.
Credit: Kiel University

What about humans?

Cabreiro collaborated with Christoph Kaleta from Kiel University
University and the Medical Center Schleswig-Holstein (UKSH) to
investigate whether the results found in C. elegans could also be observed
in the more complex microbiota of humans. They analysed data related
to the microbiome, nutrition and medication status of a large cohort of
type-2 diabetic patients and healthy controls. "Intriguingly, we found that
metformin treatment was strongly associated with an increased capacity
for bacterial agmatine production,"” says Kaleta. Importantly, they could
reproduce their findings in several independent cohorts of type-2
diabetic patients across Europe. Moreover, the bacterial species found to
be major producers of agmatine were those known to be increased in the
gut microbiome of metformin-treated type-2 diabetic patients.

Implications for metformin treatment

"Our results shed light on how the complex network of interactions
between diet, microbiota and host impacts the efficacy of drugs," says
Cabreiro. "With our high-throughput screening approach we now finally
have a tool at hand that allows us to tackle this complexity." The findings
of this study may help to inform dietary guidelines or the development
of genetically engineered bacteria that could be used to enhance the
beneficial effects of metformin. They may also provide a valuable
insight into the evidence that suggests that metformin-treated type-2
diabetic patients are healthier and live longer than non-diabetic
individuals.
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More information: Rosina Pryor et al. Host-Microbe-Drug-Nutrient
Screen Identifies Bacterial Effectors of Metformin Therapy, Cell (2019).
DOI: 10.1016/].cell.2019.08.003
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