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Research Objectives

Dr Eugene B. Chang and Dr Jun Miyoshi explore the impact of altered
or dysbiotic early life gut microbiomes as risk factors for inflammatory
bowel diseases and the importance of rebalancing the dysbiosis in
early life to achieve proper immune development and lower risk for
disease later in life.
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Personal Response

Can an imbalanced or damaged early life gut microbiome
be restored and why is this important for the future
outlook of a person’s health and disease?

I The early life microbiome provides key signals and
factors that are essential for proper development of host
immunity, an educational process that takes place in the first
year or two of life. Correction of imbalances in the early life
gut microbiome arising from dietary, environmental, and
pharmacological factors can potentially restore gut microbial
and immune development and lower risk for complex
immune disorders such as inflammatory bowel diseases.
Development of reliable markers and indicators of gut
microbial health or unhealth will lead to next generation of
clinical tools for risk assessment, precision interventions, and
monitoring the health of an individual.
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Early life gut dysbiosis and
inflammatory bowel diseases

Restoration and disease prevention

Perturbations of the early gut
microbiome (dysbiosis) arising
from antibiotic exposure,
C-section, western diets, and
formula feeding may affect later
life risk for complex immune
disorders like inflammatory
bowel diseases (IBD). The
research team led by Dr
Eugene B. Chang (University of
Chicago) and Dr Jun Miyoshi
(Kyorin University) finds that
key microbes essential to
immune development are
often missing in early life
dysbiosis. Reintroduction of
these microbes in early life (but
not later in life) successfully
restores development of the
gut microbiome, immunity,
and health. Their experimental
findings highlight the
importance of identifying early
life dysbiosis and introducing
timely interventions as part of
future best practices.
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such as ulcerative colitis and Crohn’s

disease are chronic but manageable
conditions. In modern times, they have
been increasing in incidence at an
alarming rate. Numerous factors play
a role in the development of these
conditions, including the environment,
genetics, gut microbes, and early life
imbalances in the gut microbiome (called
dysbiosis) resulting from exposure to
antibiotics or to the impact of formula
feeding, malnutrition, or overnutrition.
As a consequence, ‘health-essential’
microorganisms and the gut environment
or ecosystem that they naturally
inhabit (commonly referred to as the
‘microbiome’ — from the ancient Greek
'mikrés’ [small] and ‘bios’ [life]) can be
severely disturbed and have both short
or long-term health implications, e.g.
increased risk of developing IBD (Miyoshi
et al, 2021a; Gevers, et al Cell Host &
Microbe 15, 382-392, 2014).

I nflammatory bowel diseases (IBD)

These implications have been highlighted
over several different research areas — for

example, the fecal microbiota of vaginally
delivered versus Caesarean section
(C-section) infants are different (Oliphant,
et al, Gut Microbes), the former having a
higher fecal abundance of Bacteroidota
and Methanobacteriaceae compared to
C-section delivered infants. Additionally,
a 2021 study in Nature demonstrated
that neonatal (new-born) exposure to
antibiotics was associated with decreased
abundance and diversity of the babies’
gut microbiome up to 2 years of age,
and antibiotic use during the first 6 years
of life is associated with higher Body
Mass Index (BMI) later in life (carrying
potentially severe implications associated
with obesity). However, while clinical
studies have reported associations
between early life gut dysbiosis and later
life disease risk, proof of concept and
mechanistic insights are lacking.

THE IMPORTANCE OF THE

EARLY LIFE GUT MICROBIOME

TO DEVELOPMENT

Signals from the early life microbiome
are essential for proper immune
development and when perturbed can
potentially affect health and disease
states later in life, the latter including
immune and metabolic disorders. During
early life, an individual’s immune system
learns what is ‘self’ so that it does not
react to the body's own cells. In this
regard, the trillions of health-promoting
microbes that live in our gastrointestinal
tracts are also ‘self’ and tolerated by
our immune system in a symbiotic
relationship that has co-evolved over
thousands of years. The educational
process for the immune system occurs
and is set in early life, after which immune
cells can provide protection by reacting
to cells and microbes it has not seen
before. Thus, improper education of
the immune system by an early life gut
dysbiosis has been hypothesised to
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lead to disease-triggering responses
later in life, particularly in genetically
susceptible individuals/hosts. To
determine if proof of concept could be
demonstrated and to gain mechanistic
insights, the team led by Dr Eugene B.
Chang (University of Chicago) and Dr
Jun Miyoshi (now at Kyorin University,
Tokyo) took an experimental approach
to test this hypothesis in genetically
susceptible IL-10 gene deficient mice
that are at risk for development of colitis
(Miyoshi et al, 2021a).

The Chicago research team found

that the antibiotic-induced early life

gut dysbiosis lacked many ‘keystone’
microbes that were essential to the
development of host immunity. This

in turn was associated with increases

in severity and incidence of colitis in
later life. These observations closely
parallel clinically observed associations
and were later confirmed by another
group (Schulfer, et al). Furthermore, they
demonstrated that the engraftment

of a vital missing keystone strain into
the early life gut dysbiosis resulted in

a significant decrease in the incidence
and severity of colitis. In contrast, the
engraftment of the same strain into

the antibiotic-induced gut dysbiosis of
adult mice does not have this protective
effect (Miyoshi et al, 2021a). Thus, the
intervention must be performed during
a critical window in early life when the
host immune system is still receptive

to conditioning (Miyoshi et al, 2021a;
Miyoshi et al, 2017). These findings
underscore the importance of a judicious
use of broad-spectrum antibiotics during
late-term pregnancies or the neonatal
period (Miyoshi et al, 2021a).

Studies of human subjects are still very
limited and very difficult to conduct over
the span of decades. Consequently,
there are no reliable indicators to predict
risk for developing IBD. In order to

make significant advances in the field

of human IBD, scientists still need to
identify functional metrics which are
more informative of potential impact of
gut microbiomes to their host and may
be useful for predicting future disease
risk (Miyoshi et al, 2021b).

MICROBIOTA PATHWAYS OF
NITROGEN METABOLISM AS
PREDICTIVE MARKERS

A promising area to start with might be
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Changes in the gut microbiome can be early indicators of IBD risk.

the nitrogen metabolism pathways.
Within weeks after new offspring were
born, Drs Miyoshi, Lee, Chang, and
colleagues traced the differences
between the functional (metagenomic)
pathways of microbiota of mice that
developed colitis later in life versus
those that remained disease free. They
found that bacterial nitrogen flux is
associated with the incidence of overt
colitis, where ammonia biosynthetic
pathways were much more highly
expressed in the mice with IBD than the
ones without. The researchers opined
that these types of markers can be useful

predictors of risk for IBD in humans
(Miyoshi et al, 2021b) in two ways. First,
changes or imbalances in microbial
metabolism and metabolites can set the
stage whereby the host immune system
is activated to cause disease. Second,
the gut microbiome is highly sensitive

to its environment and exhibits adaptive
changes that can be detected as
harbingers of clinical disease. In essence,
the gut microbiome serves as the ‘canary
in the coal mine’ where changes in its
membership and function are early
indicators of risk or development of
diseases like IBD.

The healthy development of the early life
gut microbiome sets the stage for proper
host immune development and
lower risk for IBD.

A diverse array of factors can cause
perturbations in the gut microbiome.
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