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The human gut is inhabited by trillions of microorganisms,
collectively called the gut microbiome. Scientific
understanding of the extensive role of the gut microbiome
in human health and disease has increased exponentially
over the last 2 decades, with novel bacterial strains
emerging as key players in the gut’s ecosystem.1 One
specific strain gaining significant interest from the scientific
and medical community is Akkermansia muciniphila.

Using DNA sequencing, Akkermansia was shown to
account for 1-3% of a healthy human gut microbiome,
leading to interest in this relatively abundant strain.2 These
observations were extended by 16S profiling of the
microbiome in various disease states, revealing that the
quantity of Akkermansia was reduced in subjects afflicted
with certain health conditions.2 These early correlations
led to research in preclinical models to demonstrate that
higher levels of Akkermansia could drive weight loss and
decrease fat mass.2,3 Akkermansia was first isolated from
a fecal sample obtained from a healthy volunteer,2 and
research has rapidly expanded in the last several years,
leading to the identification of how this keystone bacterial
strain functions in the gut to impact health throughout the
body.4-6

Key Functions of Akkermansia
The association with Akkermansia across multiple, varied
disease states suggests the underlying mechanisms of
action are multi-faceted and likely involve interactions with
other constituents of the gut microbiome.4 Research shows
that Akkermansia’s core functions are integral to the
establishment of an optimal gut ecosystem which offers a
cascade of health benefits well beyond the gut.4

Mucin Fortification

Akkermansia is best known for its intimate relationship
with the gut’s mucin layer due to its ability to use mucin as
its sole nutrient source.2-5 This characteristic uniquely
allows direct contact with the gut’s epithelial cells,
facilitating interactions with components of the immune
system residing in the gut.2-5 These interactions appear to
modulate the immune system by increasing T-regulatory
cells and various cytokines that help maintain an intricate
balance between tolerance towards commensal bacteria
versus defense against invading pathogens.7

Akkermansia’s affinity for mucin also plays a role in
maintaining gut barrier integrity. The epithelial cells, the
tight junctions between those cells, and the overlying
mucin layer form a barrier which impedes toxic substances
within the gut lumen from entering the peripheral
circulation.3 Akkermansia contributes to maintenance of
tight junctions between epithelial cells and modulates gut
immunity by producing antimicrobial peptides within the
mucin layer.8 Studies in mice have shown that replenishing
Akkermansia when it is reduced restores mucin thickness,
providing foundational rationale for supplementation when
Akkermansia is found to be low or absent from the gut.9

Metabolite Production and Secretion of Bioactive
Molecules

In the presence of vitamin B12, Akkermansia produces
sizable quantities of propionate, a short-chain fatty acid
(SCFA).2 Propionate serves as an energy source for other
beneficial bacteria within the microbiome that  produce
butyrate, another SCFA that nourishes epithelial cells,
stimulates GLP-1 secretion, and modulates immune
system response.10
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Additionally, a protein secreted by Akkermansia, P9, and a
protein located within the outer membrane of the microbe,
Amuc_1100, are presently receiving considerable attention
in the research community. 11,12 The P9 protein increases
GLP-1 secretion through binding to ICAM2 receptors on
L-cells, thereby promoting improved glucose control and
weight loss.11 Amuc_1100 activates Toll-Like Receptor 2
(TLR2) activity which mediates pathogen recognition and
immune regulation.13 This provides a mechanism for how
Akkermansia modulates the immune cells residing within
the intestinal epithelial layer and underlying lamina propia
to maintain gut barrier integrity.2,13 Akkermansia also
produces extracellular vesicles (EVs) composed of lipid
bilayers which can deliver beneficial effects by interactions
with the immune system via TLR2 and TLR4 receptors.8,14

Live vs Pasteurized Akkermansia
Live bacteria are the gold standard in probiotic
formulation, considering the gut microbiome is a complex,
living ecosystem, selected for colonization through
dynamic interactions between microorganisms and the
host.2 There are over 34 rodent studies showing efficacy
of live Akkermansia across many disease models
including obesity, colitis, glucose homeostasis, fatty liver
and white adipose mass6,14,16,17 and a human study
showing that in a placebo-controlled, double-blinded,
randomized trial, a formulation containing live
Akkermansia was able to lower A1C by 0.6 percentage
points and postprandial blood glucose spikes by 33% in
patients with type 2 diabetes.18

The mechanisms through which Akkermansia exerts its
favorable effects are intricate and not yet fully
appreciated.2 Recent reports have raised the provocative
possibility that Akkermansia autoclaved at 70°C for 30
minutes produces a dead, pasteurized product that may
be as, or potentially more, effective than the live
bacteria.12,13 These observations were first observed in
rodent studies. A recent human study was performed;
however, the data are inconclusive.15 The studies with
pasteurized bacteria help elucidate the role of various
metabolites, proteins and membrane components of
Akkermansia, but may fail to recapitulate the entire
functionality of live Akkermansia.

Given the current understanding of underlying
mechanisms, pasteurized organisms can potentially
provide some but not all of the functions attributed to live
Akkermansia. For example, the Amuc_1100 protein
retains its activity when exposed to the elevated
temperatures employed in pasteurization,15 however it is
not possible for dead bacteria to continue to produce the
spectrum of beneficial molecules secreted by live bacteria.

It therefore follows that the benefits of a pasteurized
product are limited to the activity of the mediators present
at the time of pasteurization. Equally important, only live
bacteria can colonize the gut and establish the intricate
cross-talk with other members of the microbiome as well
as the human host. Thus, until further information is
available and human benefits are demonstrated in an
adequately powered study, use of live Akkermansia is
preferred.

Potential Applications for Human Health
Reduction in the abundance of Akkermansia has been
implicated in the progression of metabolic, autoimmune,
and neurodegenerative diseases.2 Akkermansia plays a
role in the regulation of body weight in both rodents3,6,17

and humans.15 Furthermore, measures which increase
Akkermansia abundance in rodent models of type 2
diabetes result in improved glucose control and insulin
resistance.3,11,18 There is also growing interest in oncology
due to emerging evidence indicating augmentation of the
effectiveness of immunomodulatory treatments, especially
checkpoint inhibitors.16 20

Through the combined mechanisms described in the
literature, it is inferred that Akkermansia plays an
important role in lessening inflammation throughout the
body.2,4 Inflammatory diseases where preliminary research
shows Akkermansia’s potential benefit include
inflammatory bowel disease, non-alcoholic steatohepatitis
(NASH), non-alcoholic fatty liver disease (NAFLD), and
the chronic inflammation associated with type 2
diabetes.2,4 Amongst neurodegenerative indications,
intriguing correlations exist between disease activity and
the abundance of Akkermansia in Parkinson’s disease,
multiple sclerosis (MS), and amyotrophic lateral sclerosis
(ALS).21

More research with Akkermansia in human clinical trials
will substantiate the mechanistic impact on proposed
disease states. The current scientific evidence collectively
points to Akkermansia as a logical next-generation
solution for strengthening the microbiome to improve
human health.
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