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The lecture and presentation given by this speaker do not represent the views and opinions of 

UCB Pharma 

There is no mention of any UCB products nor is there advocation for any particular 

pharmaceutical therapies for the diseases mentioned

UCB does not conduct research in the topic under discussion (Microbiomes), though UCB is 

involved in pharmaceutical drug research for some of the neurologic diseases mentioned, 

(specifically Parkinson’s Disease), but such research will not be mentioned or discussed



Learning Objectives

At the conclusion of this activity, the participant 
will be able to:

1.Understand the Human Microbiome and its 
significance on Human Homeostasis

2. Recognize the factors shaping the gut microbiota 
and its impact on health

3. Appreciate how gut microbiome is involved in 
bidirectional communication as basis of the   gut-
brain axis and neurologic disease progression



CE/CME Credit

If you would like to receive continuing 

education credit for this activity, please visit:

http://amsus.cds.pesgce.com

Hurry, 

CE Certificates will only be 

available for 30 DAYS 

after this event!

http://amsus.cds.pesgce.com/


“Let food be thy medicine and 

medicine be thy food”

Hippocrates



Objectives

• Discuss the Human Microbiome and its 

significance

• Understand how gut microbiome is 

involved in bidirectional communication as 

basis of gut-brain axis

• Appreciate circumstances shaping the gut 

microbiome and its impact on 

neurodevelopment and disease 



Definitions

The Organism and The Host

• Microbiome: The combined genetic material of the 

microorganisms in a particular environment. (Both Human 

eukaryotes and resident non-eukaryote microorganisms)

• Microbiota: All of the microorganisms in a particular 

environment (including the body or a part of the body) 

includes bacteria, fungi, archaea and viruses.

• Metagenomics: Genetic material recovered directly from 

microorganism samples. 



https://www.biomprobiotics.com/microbiome/



Studying the Microbiome

National Academies of Sciences, Engineering, and Medicine. 2018. Environmental Chemicals, the Human Microbiome, and Health Risk: A Research Strategy. 

Washington, DC: The National Academies Press. doi: https://doi.org/10.17226/24960.

https://doi.org/10.17226/24960


Microbiome Ecosystem

• GI (Gut) represents the largest proportion of microbes 

and there are more than 700 separate species with more 

genes responsible for human development and survival 

than human genes 

• Human fetal gut is sterile but colonization begins 

immediately after birth and is affected by the route of 

delivery

• Bacteria is detected in meconium from healthy neonates 

suggesting existence of mother-to-child transfer of 

microbiota

• Quantity and diversity of microbiota increase as progress 

from stomach to small intestine to colon



Factors that impact and influence Microbiota

Gail A. Cresci, PhD, RD, 

LD, CNSC1; and Emmy 

Bawden, RD

Factors affecting gut microbiome. Illustration by David Schumick, BS, CMI.. All rights reserved. CCF

Cresci, Gail & Bawden, Emmy. (2015). Gut Microbiome: What We Do and Don't Know. Nutrition in clinical practice : official publication of the American Society for Parenteral and Enteral Nutrition. 

30. 10.1177



Masaru T, Development of the gut microbiota in infancy and its impact on health in later life Allergology International Vol 66, 4,515-522 (October 2017) 



Chemicals Impact Gut Microbiota

• Drugs

– Antibiotics decrease diversity over long-term

• Bifidobacteria and Bacteroides are sensitive

• Pesticides

– Glyphosate (“Round Up”) 

• Increase pathogenic bacteria (Salmonellla, Clostridium)

• Decrease Commensal bacteria (Lactobacillus, 

Bifidobacterium, and Enterococcus)

• Heavy Metal Exposure

– Arsenic/Cadmium (consistent with rapid gut aging)

• Increase Bacteroidetes

• Decrease Firmicutes







Gut Microbiome

Have three categories of function

• Defends against pathogen colonization by nutrient competition 

and production of anti-microbial substances

• Fortifies intestinal epithelial barrier and induces secretory IgA to 

limit bacterial penetration into tissues

– Regulates immune responses

– Regulates tryptophan metabolism impacting serotonin and 

kynurenin levels having CNS effects (neurohormones)

• Facilitates nutrient absorption by metabolizing indigestible dietary 

compounds

– Ferment polysaccharides in proximal colon into SCFA

– Main source of Vit K and synthesize B vitamins, bike acids, 

sterols



Neurodiseases
• CNS disorders classified as 

– Immune mediated                                                                             

(autoimmune diseases; MS), 

– Non-immune / Endocrine and Neurotransmitter mediated                     

(neuro-psychiatric disorders; autism, depression, anxiety and stress)

– Combination (immune/inflammatory and structural                      

(Parkinson’s Disease, Alzheimer’s Disease)





Autism
• Risk Factors:

– Early infections/associated antibiotic exposure, 

environmental exposures (?),multiple hospitalizations (?) 

• Associated morbidities

– NIH study (Gorrindo, Autism Research, 2012, Vol. 5(2), 101-108)

• 85% of children with Autism have constipation, 

• 92% report GI distress

• Autism onset sometimes follows prolonged antibiotic usage 

– Particularly those associated with emergence of Clostridium strains 

in the gut (maternal and neonate/child)





Autism

• Mouse Model of Autism

– Maternal Immune Activation (inject pregnant mice with viral 

agent)

• Offspring with impaired social, behavioral, environmental awareness 

stereotypes similar to autism and common neuropathy- deficiency in 

cerebellar Purkinje cells

– Increased intestinal permeability and cytokine levels with 

microbiota shifts similar to humans with autism vs controls

– Oral treatment of offspring with Bacteroides fragilis corrected 

gut permeability, restored microbial composition, and improved 

stereotypic anxiety-like and sensorimotor behaviors but retained 

deficits in sociability



Autism

• 12 week double blind, placebo controlled study

– Lactobacillus plantarum administered to autistic 

children

• Significant increases in beneficial commensal lactobacilli and 

enterococci

• Significant reduction in Clostridium

• Reduction of GI disorders

• Improved behavior scores

– Gluten free/ casein free diet studies revealed mixed 

results although some have shown benefit when there 

was evidence of reduced GI permeability 



Autism Summary

• Risk factors for autism also impact gut microbiota

• Those with autism have altered gut microbiome (Clostridium and 

Desulfovibrio), high rates of GI complaints, and increased GI 

permeability

• High levels of Propionate found in stool of adults with autism

• Introducing gut microbiota into healthy mouse can induce 

stereotypical autistic behavior

• Administration of propionic acid (metabolite of Clostridium) into 

brains of mice induces autistic behavior 

• Probiotics can improve autistic behavior in a mouse model and in 

a small human RCT



Depression

• In a study of 1641 people referred to an internal 

medicine clinic for GI complaints

– 84.1% reported anxiety, 67% reported Trait anxiety, 

27% with depressive symptoms

• DNA sequencing of fecal samples from 55 

depressed and 55 non-depressed people, 

revealed in the depressed population

– Over presentation of Bacteroidales (p=0.05)

– Under representation of Lachnospiraceae (p=0.02)

Naserbafrouei. Neurogastroenterol Motil. (2014) 26, 1155-1162.



Depression Summary

• People with depression have altered microbiomes and increased 

rates of GI complaints

• Bacterial products (LPS) can induce depressive symptoms in 

humans that can be prevented by pretreatment with 

antidepressants and probiotics

• SCFA (and specifically butyrate) transferred to healthy newborn 

mice via gut microbiota can induce depressive behavior and 

increased anxiety-stress response in mice (particularly male mice)

• Presence of (or administration of) Bifidobacterium can

– Inhibit LPS-induced inflammation by blocking NF-kB activation in intestinal 

epithelial cell lines

– Reversed elevated HPA axis response, cytokines, and depressive 

symptoms in rats separated from mothers at birth

• Probiotics in rats can reverse HPA and cytokine abnormalities and 

depressive symptoms induced by maternal separation



PD
• Parkinson’s Disease is 2nd most common age-related 

neurodegenerative disorder after Alzheimer’s Disease 

(both protein plaque – Lewy body disease of brain)

• Prevalence: 41/100,000 (> 40 yo)

1,900/100,000 (> 80 yo)

• Men 1.5x more likely

• > 1 million in US (> MS, MD, ALS combined)

• GI symptoms (decreased motility and constipation) occur 

10 years prior to CNS symptoms)



PD

• Hallmark consists of fine and gross motor function and 

coordination deficits,  associated with depression, sleep disruption, 

and cognitive impairment

• 10% genetically linked (inherited); 90% are not

• Braak’s hypothesis is that aberrant alpha-synuclein accumulation 

(misfolding) is initiated in gut 

– “Dual Hit Hypothesis”: unknown neurotropic event (agent, 

infection, metabolite, toxin) affects gut and olfactory system 

causing alpha synuclein aggregation

– Impairment in glial cell maturation and regulation targets 

affected nerve cells and causes inflammatory response further 

precipitating alpha-synuclein aggregation

– Plaques propagate through ENS from one neuron to another 

reaching substantia nigra (via vagal pathway from gut)



PD

• Reduction of Prevotellaceae (77.6%) in fecal samples of 

PD patients was found. 

– Under-representation of Prevotellaceae diminishes 

the levels of health-promoting neuroactive short chain 

fatty acids (SCFA) and the capacity 

for biosynthesis of thiamine and folate (Arumugam et 

al., 2011), which is in line with decreased levels of 

these vitamins in PD patients (dos Santos et al., 

2009, Luong and Nguyễn, 2013).

• Relative abundance of Enterobacteriaceae positively 

correlated with the severity of postural instability 

and gait difficulty (Scheperjans et al., 2015). 

– Associated with overproduction of LPS and pro-

inflammatory cytokines, impaired BBB and activitation 

of impaired microglial cells in brain

https://www.sciencedirect.com/topics/neuroscience/short-chain-fatty-acid
https://www.sciencedirect.com/topics/neuroscience/biosynthesis
https://www.sciencedirect.com/topics/neuroscience/thiamine
https://www.sciencedirect.com/topics/neuroscience/folic-acid
https://www.sciencedirect.com/science/article/pii/S0014299917303734#bib9
https://www.sciencedirect.com/science/article/pii/S0014299917303734#bib45
https://www.sciencedirect.com/science/article/pii/S0014299917303734#bib91
https://www.sciencedirect.com/topics/neuroscience/gait
https://www.sciencedirect.com/science/article/pii/S0014299917303734#bib127


A schematic representation 

of alpha-

synuclein accumulation and 

spreading from the ENS 

towards the brain. 

Environmental factors such 

as microorganisms, 

including the gut 

microbiota, and toxins like 

pesticides might start a 

pathological process within 

enteric nerve cell plexus, 

causing mucosal inflammati

on and oxidative stress and 

thereby initiating alpha-

synuclein accumulation. 

The vagal nerve might 

provide a path for the 

spread of alpha-synuclein 

pathology from the ENS to 

the brain through 

the brainstem, midbrain, ba

sal forebrain and finally the 

cortical areas.

https://www.sciencedirect.com/topics/neuroscience/alpha-synuclein
https://www.sciencedirect.com/topics/neuroscience/nervous-system-cell
https://www.sciencedirect.com/topics/neuroscience/mucous-membrane
https://www.sciencedirect.com/topics/neuroscience/oxidative-stress
https://www.sciencedirect.com/topics/neuroscience/vagus-nerve
https://www.sciencedirect.com/topics/neuroscience/brainstem
https://www.sciencedirect.com/topics/neuroscience/midbrain
https://www.sciencedirect.com/topics/neuroscience/basal-forebrain


Sampson TR, Debelius JW, Thron T, et al. Gut Microbiota Regulate Motor Deficits and Neuroinflammation in a Model of 

Parkinson's Disease. Cell 2016;167:1469-1480.e12.

Transferring PD via Gut Microbiota

WT ASO                  GF ASO               SPF/Tx  ASO

http://dx.doi.org/10.1016/j.cell.2016.11.018


Future

• Cause-effect still must be established 

through prospective RCT in humans.

• Probiotics/Prebiotics, while intriguing, must 

also be conclusively studied through RCT.

• AI/Machine Learning offers additional 

predictive opportunities through continued 

greater data gathering with HMP and 

HGMP.



Conclusion

• Human microbiome is highly individualized and 

heavily influenced by environmental, maternal, 

and host factors.

• Gut microbiome and it’s extensive genome 

regulating immune, hormonal, and metabolic 

processes represent an intriguing gateway to 

human disease management.  

• Further research must continue to be pursued to 

establish cause-and-effect relationship of gut 

microbiota and neurologic disease. 


