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Scientists have discovered a connection between abundant
Bifidobacterium colonization and immune development in
early life, highlighting its importance to overall health.

t birth, humans have a
largely sterile gut, but
their microbiome rapidly

develops into a highly dynamic
ecosystem within the first few
months of life. Among the dominant
microbes in the gut of breastfed
babies, Bifidobacterium — a

major component of the infant gut
microbiome — is widely regarded
as beneficial for early immune
development and for its potential
role in influencing immune-related
conditions such as allergies.

Previous studies showed that
Bifidobacterium metabolites, such
as short—chain fatty acids, may help
strengthen the intestinal barrier
against infections'. However,
the role of other Bifidobacterium
metabolites in immune development,
and their underlying mechanisms,
remain insufficiently understood.

To learn more, researchers
from Technical University of
Denmark, and the University of
Copenhagen focused on aromatic
lactic acids — metabolites produced
by Bifidobacterium through the
breakdown of aromatic amino acids.
These organic compounds have
been found to help strengthen the
gut barrier, reduce inflammation,
and protect against harmful
pathogens.

In a 2021 study in Nature
Microbiology?, the researchers
analysed the gut microbiome
composition and aromatic lactic acid
concentrations in fecal samples
from 59 Danish infants, who were
all around 8 months old, and about
40% of whom were still partially

being breastfed.

They found that compared to
samples from the infants who had
been weaned, both Bifidobacterium
and aromatic lactic acids were
greater, especially aromatic
lactic acids such as indolelactic
acid, phenyllactic acid and
4-hydroxyphenyllactic acid.

Further in vitro experiments in
the laboratory that simulated the
environment of the gut revealed
that specific Bifidobacterium strains,
such as B. longum, B. breve and
B. bifidum, could produce these
three aromatic lactic acids through
a unique enzyme, called aromatic
lactate dehydrogenase (ALDH).

To unveil the mechanism
underlaying aromatic amino acid
metabolism, the researchers
identified the key gene responsible
for this process, known as the ALDH
gene, which is commonly found in
Bifidobacterium species associated
with breastmilk. Though knockout
experiments in the bacteria, they
found that the Bifidobacterium
strains lacking ALDH could not
encode the enzyme responsible for
converting aromatic amino acids
into aromatic lactic acids.

To further explore how aromatic
lactic acids influence the immune
system, the researchers introduced
indolelactic acid — one of the key
aromatic lactic acids produced
by Bifidobacterium — to human
immune cells grown in the lab.

They discovered that indolelactic
acid activated certain immune cells,
promoting the release of IL-22,

a molecule that helps maintain a
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healthy immune balance. A
of Bifidobacterium's metaba
indolelactic acid also reduced
inflammation through two receptors,
AhR and HCA3, by preventing
immune cells from producing IL—
12p70, an immune system signaling
molecule that can trigger excessive
inflammatory responses.

The researchers suggest that
aromatic lactic acids and their
immune-—regulating mechanisms,
mediated by AhR and HCA3,
could provide a foundation for
further investigation into the role of
Bifidobacterium species in infant
health and immune development.
They also proposed that modulating
Bifidobacterium metabolites may
help improve immune development
with the potential for impacting
immune-related conditions such as
allergies, asthma and inflammatory
bowel diseases.
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Uncovering one of the ways

Bifidobacterium supports gu’r
o2 balance

New research uncovers how Bifidobacterium reshapes gut
microbiota and supports gut immune regulation. -

s gut health is increasingly
A recognized as being key to

our overall well-being —
affecting systems from digestion
and immunity to metabolism, and
mental health — Bifidobacterium
has emerged as a key player.
A number of Bifidobacterium
species and strains are widely
recognized for their role in
supporting gut health. However,
the underlying mechanisms by
which Bifidobacterium impact
digestive health and help balance
gut microbiota remain largely
unexplored.

A collaborative study led by the

researchers from Shanghai Jiao

Tong University School of Medicine,

in China, and Stanford University
School of Medicine in California,
United States, sought to find
answers. In a 2020 study, the team
reported on how Bifidobacterium
reshapes the landscape of gut
microbiota and modulates immune
responses to alleviate inflammation
and restore gut balance’.

The researchers investigated
the mechanism by which
Bifidobacterium can help
mitigate side effects of cancer
immunotherapy, such as colitis
— a condition characterized by
inflammation of the colon. The
researchers hypothesized that a
subset of immune cells known as
regulatory T cells (Tregs), which
help regulate the immune system

and prevent excessive inflammation,

plays an important role in this
process.
To test their hypothesis, the

researchers fed Bifidobacterium to
two groups of mice — one that had
normal levels of Tregs, and one
that had been engineered to lack
functional Tregs, before colitis was
induced in both groups. Follow—
up 16S rRNA sequencing — a
technique used to identify various
types of bacteria by analysing their
genetic code — revealed that the
Bifidobacterium treatment did not

restore beneficial gut bacteria in thel

Tregs—deficient mice.

In contrast, in the mice that
had normal levels of Tregs, the
Bifidobacterium treatment led to
an increase in beneficial bacteria,
particularly Lactobacillus, which
can help mitigate inflammation and
support the repair of the intestinal
lining. The researchers also
identified Bifidobacterium breve as
the key strain of Bifidobacterium that
may play a crucial role in preventing
weight loss and improving colitis in
these mice.

As they worked to uncover how
Bifidobacterium helps maintain
a balanced gut environment and
regulates the immune system, the
researchers identified the IL-10/
IL-10R « signalling loop and IL—
22, a small protein produced by
immune cells. Bifidobacterium
was found to activate the IL-10/
IL-10R « signalling loop, which
is crucial for Treg function and
immune suppression. IL—22,
known for its role in maintaining
gut homeostasis, was identified
as another key molecule in this
process. Both IL-10 and IL-22 are
involved in overlapping immune
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-and the overall health of the gut

regulatory processes, and the

signalling pathways they activate

can influence one another.
Genetic analysis further showed

 that Bifidobacterium also enhances

metabolic activity and supports the
organization of mitochondria — tiny
structures inside cells that pro ucé;
the energy cells need to function

The researohers suggested in th _
paper that these findings highlight: a

direct link between Bifidobacterium

microbiota, offering potential

intervention strategies for managingj y

overactive immune response that
can trigger conditions such as
allergy, particularly in the gut, and
establishing Bifidobacterium as a
promising candidate for helping
support gut immune balance.

A previous study by Chinese
researchers in mice also
suggested that combining muitiple
Bifidobacterium strains which
have some adhesive properties
could improve digestive health by
alleviating constipation, potentially
through enhanced gut motility and
increased production of short—chain
fatty acids®.
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How the microbiome might
shape eating behaviour, via the

03 gut-brain axis

Gut bacteria can influence hunger, say
scientists who uncovered ways in which these
microorganisms communicate with the brain.

S he gut-brain axis — an

T intricate communication

network linking the gut

and the central nervous system
— has captivated scientists for
several years. Recent advances
in research methods and a deeper
understanding of microbiome
interactions have shed light on how
gastrointestinal health can influence
mood and eating behaviours.

In 2022, the researchers from
Université Paris Cité and the
Institut Pasteur, both in France,
uncovered a mechanism of gut—
brain communication through which
macromolecules released by gut
bacteria, known as peptidoglycan
fragments, can directly interact with
neurons in the brain that regulate
hunger behaviour".

To reveal how gut microbiota
influence appetite, the researchers
focused on NOD2, a protein encoded
by the NODZ2 gene, which plays a
significant role in the immune system
by recognizing bacterial components,
including bacterial peptidoglycans.
This capability led the researchers
to explore the potential expression
of NODZ in brain neurons and to
investigate whether gut—derived
signals could directly influence
neuronal activity in the brain.

Using mouse models, they
identified that the NOD2 protein
is produced in neurons across
several brain regions, including the
hypothalamus — a region in the
brain that regulates crucial functions
such as feeding behaviour, body
temperature and hormone release.

To investigate whether gut—

derived bacterial fragments could
reach the brain, the researchers
orally administered to mice

soluble fragments derived from
peptidoglycans. They found that just
four hours later, these fragments
had traversed the gut, entered the
bloodstream and reached the brain.

Through a series of mouse
experiments and single—neuron
studies, the research team
discovered that feeding stimulates
the expansion of the gut microbiota,
leading to an increased release
of bacterial peptidoglycans.

These fragments travel to the
hypothalamus and reduce its activity
by binding to inhibitory NOD2
receptors. This reduction in activity
results in decreased appetite and
lower body temperature.

In the paper, the researchers
suggested that the proteins
produced by intestinal bacteria could
serve as an indirect measure of food
intake for the brain. They proposed
that this feedback loop between gut
microbiota and the hypothalamus
may provide a therapeutic target to
limit over—eating, potentially offering
benefits for obesity and metabolic
disorders. However, the way in
which components of the microbiota,
such as specific bacterial strains,
drive this pathway remains unclear.

In this context, probiotics —
beneficial gut bacteria in some
foods and health supplements —
have been extensively studied.

A comprehensive review, led by
researchers at University Magna
Graecia and the University of
Naples Federico I, both in Italy,
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identified three
key mechanisms
through which some
probiotics fnigh;enhance the
gut environment and promote
a healthy microbiota associated
with maintaining a healthy weight:
suppressing harmful microbes,
enhancing gut barrier integrity, and
modulating immune responses?.
Additionally, in a review paper the
researchers at University College
Cork, in Ireland, highlighted that an
imbalanced gut microbiota could be
linked to disruptions in appetite—
regulating hormones and satiety
signals, which could contribute
to obesity, as observed in mouse
models®.
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