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Demonstrating Disease 
Causality Of The Gut-Brain 
Axis To Bridge The Gap 
Between The Human Gut 
Microbiome & Effective 
Treatments
By Dana Barberio, MSc
Edge Bioscience Communications

In a fascinating new field 
of study, the mysteries of a 
complex web of bi-directional 

communication orchestrated between 
the brain and the gut microbiota are 
being unraveled. This unique cross-talk 
that humans and animals have with their 
microbiota involves neural pathways, 
such as the vagal nerve (which runs 
from the gut to the brain), as well as 
interconnected immune, neuroendocrine 
and metabolic pathways. 

The research and development 
now underway in this exciting space 
was well represented at the 2nd 
Microbiome Movement – Gut-Brain 
Axis Summit in November, with 
organizations describing their work 
teasing out the underlying biology 

through preclinical and clinical models 
across a variety of neurodegenerative 
diseases, neuropsychiatric disorders, and 
neurodevelopmental conditions. We heard 
details on cutting-edge R&D and potential 
therapeutics and had an excellent 
opportunity to network with academics 
and industry experts in the field. Here are 
some of the highlights from the conference.

An Aging Immune System & 
Neurodegeneration

As we age, along with everything else in 
our body declining, our immune system 
ages, often with a decline in function. 
Malu Tansey, Professor of Emory 
University School of Medicine discussed 
how aging of the immune system may 
impact Parkinson’s Disease (PD). 

I
“I left the meeting 
feeling energized, 
inspired, and 
excited to 
continue working 
in this area. I have 
yet to discover a 
better place for 
all the key people 
to be in one room 
and discussing the 
future of this field. I 
am very grateful to 
have attended!”
Johns Hopkins University
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In PD patients, a classic pro-
inflammatory state is evident in the 
colon, with a major regulator, NF-KB, 
driving this harmful state. Normally, 
things are kept in check with an 
important negative regulator of NF-
KB called RGS10, but in PD patients, 
RGS10 is at detrimentally low levels 
and thus does not curb inflammation. 
Intestinal inflammation may increase 
susceptibility to PD-associated 
neurodegeneration.

This chronic state of central or 
peripheral inflammation that may lead 
to neurodegenerative disease such as 
PD may be prompted by a number of 
factors, such as environmental insults, 
infection, unhealthy diet, and gut 
microbiota dysbiosis. For one’s body to 
fight this everyday onslaught, there is a 
critical need for balanced levels of pro-
inflammatory and anti-inflammatory 
cytokines, and unfortunately, aging 
can throw this balance out-of-whack. 
It’s known that excessive and chronic 
production of pro-inflammatory 
cytokines are players in various 
inflammatory states, and have been 
linked to cancer, atherosclerosis, and 
neurological disease. Tansey presented 
her work showing the specific pro-
inflammatory cytokines involved in four 
stages of progression in PD symptoms, 
from stage 1 with gastrointestinal 
dysfunction (NFAT1), through stage 4 
with cognitive deficits and psychosis 
(TNF, IL-1, IL-6, COX). In fact, anti-
inflammatory therapy (anti-TNF) has 

been shown to reduce the incidence 
of PD in IBD patients by 78%. Intestinal 
inflammation, which can be triggered 
by dysbiosis of gut microbiota, may 
drive PD pathogenesis. PD patients do 
in fact have a distinct gut microbiome 
signature, and PD medications have 
been shown to affect this signature.

A Druggable Bacterial Target in 
Parkinson’s Disease

This intriguing idea that PD might 
originate in the gut, not the brain, 
has been further explored by Axial 
Biotherapeutics. A hallmark of PD is the 
presence of Lewy bodies in the brain, 
which form when alpha-synuclein 
clumps together. Damage is done to the 
substantia nigra, a structure that helps 
orchestrate movement, when these 
Lewy bodies form.  However, the exact 
role of these Lewy bodies in PD is not 
known. David Donabedian, CEO of Axial 
Biotherapeutics described the strong 
correlation between the gut microbiome 
composition and PD, with it potentially 
even being a causative factor. 

Kuldip Dave, Director 
of Research Programs 
at the Michael J. Fox 
Foundation discusses 
the role of the 
microbiome in treating 
patients with PD

“Intimate 
gathering 

allowed me close 
attention to the 

presentations, 
and a valuable 

networking 
experience.”

Finch Therapeutics
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The vagus nerve is the highway 
connecting the enteric nervous system 
in the gut and the CNS. In PD, alpha-
synuclein is thought to propagate from 
the enteric nervous system lining the GI 
tract to the CNS via the vagus nerve, a fact 
demonstrated by Caltech researchers in 
2016. The Axial Biotherapeutics platform 
makes use of humanized mice, which are 
germ-free genetically susceptible mice 
(alpha-synuclein overexpressing), which 
have been colonized with human PD 
microbiomes. Axial Biotherapeutics found 
that exposing these mice to bacteria from 
a human PD microbiome accelerates 
development of PD-like motor symptoms. 
By evaluating bacteria and genes over-
represented in the PD microbiome versus 
a non-diseased microbiome, Axial has 
discovered a specific druggable bacterial 
target that potentiates alpha-synuclein 
pathology in mice.

Donabedian also discussed Axial’s work 
with Autism Spectrum Disorder (ASD). 
Children with ASD have a different 
microbiome signature than typically 
developing children, and many have GI 
symptoms. Autistic children often have 
dysregulated metabolites and leaky 
guts. One such metabolite, 4-EPS, is 
highly elevated in ASD children versus 
healthy controls, and thus can be used 
for stratification in clinical trials. 4 –EPS 
also correlates with poor socialization 
skills in ASD. In mouse models, Axial’s 
AB-2004 reduced 4-EPS levels 
and reduced anxiety and repetitive 
behavior associated with 4-EPS. 

Altering the Maternal Microbiome to 
Treat Autistic Offspring

The CDC reports a dramatic increase in 
ASD, with 1 in 59 children now affected. 
Both genetic susceptibilities as well as 
environmental factors contribute to 
ASD. Maternal autoimmune disease 
and viral infection in the first semester 
have been shown to increase the rates 
of childhood ASD significantly (by 50% 
and 3-fold, respectively). ASD has also 
been associated with hyperactive 
immune responses (including altered 
T-cell distribution, cytokine and 
immunoglobulin levels, etc.), a variety 
of intestinal dysfunction issues, and 
gut microbial dysbiosis (changes in 
abundance, diversity, metabolites, etc.). 

John Lukens, Assistant Professor at 
the University of Virginia School of 
Medicine discussed their new study 
reporting a critical role for maternal 
microbiota in the development of 
behavioral abnormalities in a murine 
model of ASD. The researchers 
discovered that when they initiated a 
viral-induced inflammatory response 
in pregnant mice, they observed that 
the offspring exhibited a variety of 
ASD-like symptoms (communication 
deficits, repetitive behavior, and 
abnormal social preferences). Also, by 
changing the maternal microbiome, 
these behaviors were alleviated in the 
offspring. These changes included 
specifically inhibiting pro-inflammatory 
IL-17a in mothers. 

“This was 
an excellent 
conference: well 
organised, great 
for networking, 
and interesting 
talks.”
Deakin University

Stewart Campbell, 
Vice President of Early 
Stage Development at 
Axial Biotherapeutics 
demonstrates the potential 
of the gut-brain axis 
for the development of 
breakthrough treatments for 
ASD and PD
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Some of the factors that may lead to 
a pro-inflammatory condition - bad 
diet, infection, antibiotics, and stress - 
are in fact, known to cause microbiota 
dysbiosis and impair immune function. 

The Mazmanian lab at the California 
Institute of Technology is also 
investigating the microbiome and its 
impact on ASD. They are following a 
similar route by colonizing germ-free 
mice with fecal samples from ASD or 
typically developing humans, breeding 
the mice and observing whether the gut 
microbiome contributes to behavioral 
phenotypes in the offspring. Gil Sharon, 
Postdoctoral Scholar in the Mazmanian 
lab, discussed their work. Humanized mice 
were bred, and behavior testing was done 
on the offspring, who now carried ASD 
or TD microbiomes. The mice with ASD 
microbiomes had increased repetitive 
behaviors, social interaction deficits, and 
decreased ultrasonic vocalization. They 
found that the two sets of mice had 
distinctly different microbiome signatures, 
with specific OTUs that distinguished the 
ASD and TD microbiomes. ASD individuals 
are known to have aberrant splicing in their 
brain and blood, and the Mazmanian lab 
showed that, as compared to mice with 
TD microbiomes, mice colonized with ASD 
microbiomes had extensive alternative 
gene splicing in their brains and different 
metabolite profiles. Some of these altered 
metabolites interacted with inhibitory 
receptors for GABA and glycine and even 
correlated with behavioral outcomes. The 
mice with ASD microbiomes had different 

receptor agonists for GABA and glycine 
than the mice with TD microbiomes.

Therapeutics from Neurotransmitter-
Producing Bacteria

Investigation into the mechanisms 
of GABA-producing bacteria is also 
on Holobiome’s agenda, and Phil 
Strandwitz, Co-Founder & CEO of 
Holobiome gave us an update on their 
progress. Holobiome has developed an 
assay to screen for GABA-producing 
bacteria. By looking at microbiome 
transcriptome analysis, they have been 
able to identify keystone bacteria that are 
GABA-producing. Depression in humans 
and animal models has been correlated 
with a low abundance of these bacteria.

There is a variety of evidence linking the 
microbiome with GABA production. FMT 
in humans was shown to increase GABA 
production. Germ-free animals have 
reduced GABA and GABAergic activity, 
and by dosing with GABA-producing 
bacteria, GABA related symptoms are 
alleviated (such as visceral pain, and 
depression and anxiety). In three animal 
studies, germ-free mice were shown to 
be constipated and have low serotonin 
levels. Microbiome restoration restored 
both symptoms. Holobiome’s initial focus 
will be diseases of the nervous system, 
such as sleep disorders, mood disorders, 
and intestinal motility disorders. They are 
developing therapeutics from naturally 
occurring consortia of neurotransmitter-
modulating bacteria.

“It is one of the 
best meetings 

I have been to. 
Great job!”

The Jackson Laboratory
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Exploring Treatment of Major 
Depressive Disorder & Bipolar 
Depression

Valerie Taylor MD, Department Head, 
University of Calgary Department of 
Psychiatry and Scientist at Hotchkiss 
Brain Institute also discussed how 
neurotransmitters (norepinephrine, 
serotonin, dopamine, and 
acetylcholine) are produced and 
modulated by a variety of bacteria. 
Studies have shown a significant 
correlation between depression 
and the gut microbiome. Taylor’s 
work revealed that antidepressant 
medications alter the gut microbiome 
in Major Depressive Disorder, and in 
fact, responders and non-responders 
to medication had different microbial 
signatures. Their work supports the idea 
of a microbial phenotype associated 
with response to treatment. Taylor also 
described their new clinical study to 
assess the effectiveness of targeting 
the Gut-Brain Axis through FMT, to 
treat bipolar depression. There are a 
number of factors that can confound 
this type of study with psychiatric 
illness, including co-morbidities, which 
Taylor described. For example, a 
whopping 70-90% of patients with IBS 
also seek treatment for a psychiatric 
illness. Another challenge in working 
with bipolar patients is in the difficulty 
in recruiting patients that have failed 
conventional treatment.

A Novel Therapeutic for Multiple 
Sclerosis in the Works

Recent studies have also revealed 
distinct differences between the 
microbiomes of MS patients and 
normal subjects, and conventional 
drugs for MS are not always 
effective.  Symbiotix Biotherapies 
is developing a novel therapeutic 
for treating immune-mediated 
diseases, such as MS, as we heard 
from Nader Yaghoubi, President 
& CEO of Symbiotix Biotherapies. 
Their therapeutic is a powerful 
immunomodulator of T-cell mediated 
immune responses, specifically 
impacting the function of regulatory 
T cells (Tregs). Derived from the gut 
bacteria B. fragilis, their therapeutic 
is a bacterial capsular polysaccharide 
called Polysaccharide A (PSA), 
which modulates Tregs to enhance 
production of anti-inflammatory 
IL-10. In preclinical studies, PSA was 
shown to be therapeutically effective 
in MS models. Cells from human MS 
patients responded to PSA as well, 
with increased IL-10 secretion.

That’s a wrap on the Microbiome 
Movement – Gut-Brain Axis Summit 
report. We hope you enjoyed this 
conference summary, brought to you by 
the Microbiome Movement and Edge 
Bioscience Communications, and we 
look forward to seeing you next year! 

“Great science, 
great speakers 
and great 
networking 
opportunities!”
Emory University


