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The Microbiome and the Microchondria

Talking Points

The enteric (gut) microbiome has an important influence in
on health and disease states in humans.

The enteric microbiome influences the human host using
chemical mediators, some of which can directly effect
mitochondrial function

Short chain fatty acids produced by gut bacteria not only
modulate mitochondrial function and cellular regulatory
pathways, but can also be used as mitochondrial fuels.
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THE HUMAN '\

Bacteria, fungi, and viruses cutnumber human cells in the body
by a factor of 10 to one. The microbes synthesize key

nutrients, fend off pathogens and impact everything

from weight gain to perhaps even brain

development. The Human Microblome

Project is doing a census of the microbes

and sequencing the genomes of many

The total body count is not in but it's

believed over 1,000 different

species live in and on the body.

inthe include; =

I Helicobacter pylori
0 Streptococcus thermophilus

inthe include; ==

I Lactobacillus casel

§ Lactobacillus reuteri

§ Lactobacillus gasseri

I Escherichia coli

I Bacteroides fragilis

I Bacteroides thetaiotaomicron

I Lactobacillus rhamnosus

I Clostridium difficlle ‘

SOURCES: NATIONAL INSTITUTES OF HEALTH, SOENTIFIC AMERICAN; HUMAN MICROB

ME PROJECT

inthe
include:
0 Streptococcus viridans
I Nelsserla sicca
1 Candida albicans

0 Streptococcus salivarius

include;

1 Pityrosporum ovale

1 Staphylococcus epidermidis
I Corynebacterium jeikeium

I Trichosporon

1 Staphylococcus haemolyticus

inthe
include:

I Ureaplasma parvum

I Corynebacterium aurimucosum

Dean Tweed « POSTMEDIA NEWS / IMAGE: Fotolia
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Bacteria use a complex communication network to
thrive in an environment
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The microbiota induces host immune tolerance
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Vaginal Delivery

Newborn

Breastfeeding

Interaction with
environment

Progressive microbial

colonization

—

C-section Delivery

._

Maternal Antibiotics

._

Formulafeeding

._

Indoor living

._.

Excessive sanitation ‘

.—

Chemical preservation of food
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modern industrialized culture and public health infrastructure __pre-therapeutic

toilets, water treatment, modern medicine, indoor work, soap, detergent zone

: _— optimal
blO m.e wtamm D - therapeutic
depletion s by

genetics,
epigenetics,
“triggers”
allergy,
DRI, post-optimal
chronic a wide range of > therapeutic
inflammation, metabolic demands on 70ne
cognitive dysfunction, transport and
dysfunction toxicity issues, Phase |/Phase Il
oxidative stress metabolism
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Ubiquitous factors that, by
themselves, do not cause pathology

Immune
hypersensitivity Environmental stimulus

caused by biome (“triggers”, ohgn
depletion and other reduced by hygiene)

factors

Genetic predisposition
and/or epigenetic effects

A three-hit
paradigm

Bilbo, 5.0., Wray, G., Perkins, 5. Hyper<{mmune 3
& Parker, W. (2011 associated diseases, /
Reconstitution of the human including allergy and ‘
biome as the most reasonable autoimmunity

solution for epidemics of allergic
and autoimmune diseases

Medical Hypotheses, 77:494-504
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Modermn factors that destabilize Environmental demands for glutathione
immunity, leading to allergy mercury, aluminum, organophosphates, efc...
autoimmunity and other
inflammation-related conditions ‘
Acetaminophen [ Other metabolic. demands ]
( "\ | (demands glutathione) for glutathione
Biome depletion

Chronic psychological stress

Vitamin D deficiency
Inflammatory diets
¥ D

Susceptible Metabolic
timing and dysfunction

‘ genetes Oxidative
Stress

Inflammation




Gut-brain hypothesis
1. Autism

1C. bolteae / clostridia spores
Mechanism unkown

2. Mood: depression, anxiety

Altered xenobiotic / drug metabolism

| e.g. Paracetamol metabolism:
O 1 predose urinary p-cresol sulfate leads to | postdose urinary

acetaminophen sulfate : acetaminophen glucuronide.
Bacterially mediated p-cresol generation and competitive
o-sulfonation of p-cresol reduces the effective systemic capacity
to sulfonate acetaminophen.

Inflammatory bowel disease

Hygiene hypothesis

Altered immune response: TLR signaling

Less microbial diversity

Activation of specific species: for example, Escherichia
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The Significance of. the Enter_lc MICI’Oblom? on the o ﬂ Libertas Academica
Development of Childhood Disease: A Review of Prebiotic / A
and Probiotic Therapies in Disorders of Childhood

John Slattery'?, Derrick F. MacFabe® and Richard E. Frye'?

Table 1. Microbiome disruption by condition summary. Table 1. Microbiome disruption by condition summary.
CONDITION RELEVANT FINDINGS CONDITION RELEVANT FINDINGS
Prematurity ! Proteobacteria Allergies | Species diversity

| Microbial diversity
— " . Asthma No clear pattern
Necrotizing enterocolitis ~ Blooms of Proteobacteria prior to P
disease onset Inflammatory bowel Data is sparse, no consistent pattern
. L di
Sepsis Altered microbiota structure and sease
composition prior to disease onset Type | diabetes T Bacteroidetes:Firmicutes ratios,
has been reported, but specific T Clostridia species
microbiota reported is inconsistent | Butyrate-producing bacteria
across studies | Bacterial diversity
. ST | Community stability
Colic D ecreaszd mlcrot;l_al Slvirs!ty and Alterations in the microbiome seem
increased anaerobic bacteria to precede disease onset
Malnutrition Anagroblc_ depletion, equy dysbiosis, Type Il diabetes and T Firmicutes:Bacteroidetes ratio
and intestinal pathogenic overabun- -
: . obesity T SCFAs
dance with decreased bacterial
diversity Autism spectrum disorder T Clostridial species
. — T Suttetrella and Desulfovibrio
Eczema Early colonization with opportunistic :
. . g species
species may be important in disease
initiation




Enteric Ecosystem Disruption in Autism Spectrum Disorder: Can the Microbiota and
Macrobiota be Restored? John Slattery™”, Derrick F. MacFabe’, Stephen G. Kahler™ and Richard E. Frye™

Potential Trigger

Pre/postnatal Toxins

Possible Remediation Plan

Avoid air pollution, solvents, polychlorinated
biphenyls (PCBs). phthalates, bisphenol A.
and mercury exposure as well as cigarette
smoking, illicit drug use, and alcohol exposure

Poor Diet

Eat foods high i microbiota accessible carbo-
hydrates along with fruits and vegetables.

FMTs i the future may be warranted

Potential Trigger Possible Remediation Plan
Mitochondrial Toxins Avoid and Elimimate [ see 4a and 4b]
If certam medications can’t be avoided a mito-
chondrial cocktail such as carnitine, Co-Q10,
B Vitamins, Creatine Monohydrate, and anti-
oxidants [49]
Antibiotics (Abx) Provide Pre/Probiotics with Abx and/or NAC.
Supplement with carnitine if using p-Lactams
Acetaminophen Avoid and Elmmate, Pre-treat with NAC 1f
unavoidable.
Poor Folate Metabo- Treat with reduced folates (e.g. folinic acid)

lism and/or Absorp-

and avoid folic acid

Premature Weaning
and/or Formula feed-

Breastfeed for at least 6 months and/or supply
breast milk from donors over formula feeding

tion
Bovine Milk Products Elimmate or Mmimize Use
Matemal Infection Minmnize exposures and medications that

could further complicate development

Maternal Autoim-

Pre/Probiotic Supplementation and other im-

mune Reaction mune supporting agents
Psychological Stress Meditation. Yoga. and/or other relaxation
Management techniques to mothers during pregnancy.

Current Pharmaceutical Design, 2016, 22, 1-15

ng or pasteurized milk
Vitamin D and/or Supplement with Tryptophan and Vitamin D
Tryptophan Metabo-
lism Deficiency or
Disorders
Poor Maternal Sleep Introduction of Sleep Protocols to decrease
Hygiene sleep associated complications
C-Sections Avoid elective C-Sections and reserve for
emergency sifuations only
Helminths Re-introduction of helminthes into the intesti-

nal ecosystem 15 necessary to re-establish the
balance of the ecosystem
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Autism Spectrum Disorder
and the

Microbiome
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Propionic Acid
Model of Autism:

Animal Models
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Passive/active uptake to gut and CNS Fatty Acid G coupled protein receptor activation
(monocarboxylate transporters Neurotransmitter synthesis (catecholamine, 5HT) and
(fatty acids, ketones) release

Increased intracellular calcium

Gut motility and Neuromflammatlon/neu rodevelopment
inflammation Cortical dysplasia
Malabsorption \ oo nton d
Tight/Gap Junction ap Junction closure
in?pairmgnt barrier \) Electrotonic coupling,
dysfunction Neuronal Migration
(immune and enteric Short Chain Fatty Acid Impaired synaptic pruning
nervous system effects) Bacterial Fermentation
Products
Altered gene expression
(Histone deacetylase inhibition)
CREB activation (memory)
Pl pead Miochorda
critical neurodevelopmental  Autism-like behavior Altered TCA cyde |
Windows) Repetiive, Antisocial, Object fxation, Phospholipid alterations
Anxiety-iike behavior, Perseveration Oxidative stress
Seizure disorder, Dystonia, Tics, Reduced glutathione,

Sensory processing Camitine deficiency
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Short-chain fatty acid fermentation
products of the gut microbiome:
implications in autism spectrum
disorders

Derrick F. MacFabe, MD*
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Propionate increases GFAP, Marker of Reactive Astrocytes and

Immunoreactivity in hippocampus
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PPA 1increases activated microglia (neuroinflammation)
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Interleukin 6




PBS Vehicle High Dose PPA

PPA causes increase anti Nitro-tyrosine immunoreactivity in
hippocampal formation, a measure of oxidative stress
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Developmental delay in pups

Eye Opening

*k%

21 —e— 2-VEH (38)

—e— LPS (42)
—v— 5-VEH (43)
—A— PPA (47)

# eyes open

** < .01, ** p<.001: PPA
AA p < .01: LPS

12 13 14 15 16
Post-natal day
Developmental milestones are delayed in pups prenatally exposed

to PPA and LPS (ie. pinna detachment, incisor eruption).
(PPA similar to valproic acid- mitochondrial function/gene expression)
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Acoustic startle response: Prenatal PPA and LPS
produce hyper-sensitivity to stimulus

*%
1000 4 s 2-VEH
o *% %% mm | PS
2 800 - —= 5-VEH
8_ %% = PPA
7))
= 600 { 1
e n=14-15
g 400 - per group
o 1
& * p<.01: LPS, PPA
Q200 | Males higher than females,
< regardless of treatment.
0 - .
Male Female

Sex

Other anxiety-like behaviour also present in PPA and LPS animals.
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Propionic Acid
Model of Autism:

Parallels of Children with Autism
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Citation: Transl Psychiatry (2013) 3, e220; doi:10.1038/tp.2012.143
© 2013 Macmillan Publishers Limited All rights reserved 2158-3188/13

www_nature_comtp

Unique acyl-carnitine profiles are potential biomarkers
for acquired mitochondrial disease in autism spectrum
disorder

RE Frye', S Melnyk' and DF MacFabe?

e 213 ASD patients screened with acyl-carnitine biomarkers
e 74 (35%) with >=3 fasting acyl-carnitine elevations
* Acyl-carnitine abnormalities were confirmed in 48%

* Corrected prevalence of 17% of ASD children screened.
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Rodents ASD Children
o o total GSH
Total GSH 8
174 FrR
- ¥ * )
(o)
- *
“g i * M % [°
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=
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0 0 4

Cortex Hippo Thalamus Striatum Cerebelum Br. Stemn Total brain

ASD/AC  Controls ASD/MD ASD/NoMD
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Lactate =——> Pyruvate Fatty Acids

Acetyl-CoA
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/ N

Citrate
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\  Acid Cycle / ........... .
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Lactate Fatty Acids 3-hydroxy-3-methylglutaryl-CoA

Glycolysis =3 Pyruvate

Alanine —
Ace

-~ Oxaloacetate Propionic Acid

Malate Aconitate

Propionate-CoA
Dehydrogenase =

transferase

Isocitrate , !
\ Isoleucine , Valine

Isocitrate Propionyl-CoA Odd-Chain Fatty Acids
Dehydrogenase ‘ a-Ketobutyric acid
Propionyl-CoA _—

! carboxylase Biotil’;lmh.f

Fumarate

J." a-ketoglutarate |

Succinic a-ketoglutarate Methylmalonyl-CoA

Dehydrogenase Dehydrogenase
. Methylmalonyl-CoA
.'.‘ﬂ y Y

Mutase g
\B12)

- Succinate ff SEEWIESE Y Succinyl-CoA
~ Synthetase v
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Impaired Carbohydrate Digestion and Transport and
Mucosal Dysbiosis in the Intestines of Children with
Autism and Gastrointestinal Disturbances

Brent L. Williams', Mady Hornig', Timothy Buie?, Margaret L. Bauman®, Myunghee Cho Paik®, Ivan
Wick', Ashlee Bennett', Omar Jabado', David L. Hirschberg', W. lan Lipkin'*
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United States of America, 4Department of Biostatistics, Columbia University, Mailman School of Public Health, New York, New York, United States of America
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Impaired Carbohydrate Digestion and Transport and
Mucosal Dysbiosis in the Intestines of Children with
Autism and Gastrointestinal Disturbances

Brent L. Williams', Mady Hornig', Timothy Buie?, Margaret L. Bauman®, Myunghee Cho Paik®, Ivan
Wick', Ashlee Bennett', Omar Jabado', David L. Hirschberg', W. lan Lipkin'*

n.s.
A B
45 - 40 -
40 - 35 4
E 35- L-n? 3{}_
® 30 = '
o T 251
£ 254 5 :
8 5. 8 204
Q o ]
R 15- = 197
104 107
5 5
AUT AUT  Control AUT AUT  Control
(Gl-After) (Gl-Before/ (Gl-After) (Gl-Before/
Same) Same)
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Early Immune Activation
Model of Autism:

Animal Model and Probiotic Treatment



Microbiota Modulate Behavioral and
Physiological Abnormalities Associated
with Neurodevelopmental Disorders
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- Antiphospholipid syndrome - Preeclampsia

- Rheumatoid arthritis - Intrauterine growth restriction (IUGR)
- Systemic lupus erythematosus - Maternal infection

- Psoriasis

- Type 1 diabetes
- Celiac disease
- Ulcerative colitis

Maternal intrauterineinflammation

AL
'4 N\
Increase in Antibodies production:
pro-inflammatory cytokines ANA (Ro, La), APA, anti-thyroid, anti-brain
IL-6, IL-8, IFN-y, MCP-1, TNF-a autoantibodies and anti paternal HLA alloantibodies
|\ J

Fetal inflammatory response syndrome
(increased proinflammatory cytokines in the brain)

Preterm birth ¢
( LBWI)

Activated Activated Maturation arrest Axonal loss or death of
microglia Astrocyte or death of neurons, cytoskeletal
\ oligodendrocyte damage, neurotoxicityj

Motor deficits, cognitive and behavioral impairment, psychiatricillness
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Female mice are injected
with a mock virus, induc-
ing an immune spike.

Treated pups also stop exhibiting The pups show autism-like behav-
some autism-like behaviors, but iors, such as repetitive grooming
remain socially disinterested. and a lack of interest in other mice.

The pups also develop a ‘leaky
gut,” a symptom reported in
some children with autism.

Treating pups at weaning wit
Bacteroides fragilis seals the
leaky gut.

~Altered microbial

| community
J

Microbial balance
returns to normal. |

Bacterial seep
through gut
wall into blood.
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auljeg
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Bacteroidia

Unclassified Bacteroidales
Prevotellaceae
Porphyromonadaceae
Rikenellaceae

Clostridia

Lachnospiraceae
Ruminococcaceas
Clogtridiacea
Erysipelofrichaceas

Proteobacteria
Others
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Anxiety and locomotion:

Open field exploration
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Stereotyped behavior: /

Marble burying
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Communication:
Ultrasonic vocalizations
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Vancomycin: 40 mg/kg by mouth per day, divided into three doses,
not to exceed 2 mg per day

Vﬂnﬂﬂmycin H
: o Prilesec: 20 mg by mouth daily
Prilosec ¥& Day 12-74 =
o MoviPrep: Standard kit was used with half the dosage being

MoviPrep ﬁ' Day 15 administered at approximately 10 am and the other half at 4 pm on
= = - - - | day fifteen only, to cleanse the bowel of vancomycin and feces. The
i High oral SHGM * Day 16-17, initial’ admin. i dosage varies proportionately based on the body mass.
1 I
i Day 18-74 maintenance™ admin. i o Initial oral route; The dosage for the first 2 days (Day 16 and 17
[ womsieM | ¥* - ———K  only), 3times a day for a total daily dose of 2.5 x 10" celliday
T = - R ST - - 1
| High rectal SHGM wDay 16, initial” admin. ! o Initial rectal route: 2.5 x 102 cells, 1 time a day (Day 16 only)
1 1
' Day 25-74, maintenance™ admin. '
| Low oral SHGM bra J #¢ o Maintenance dose: 2.5 x 10° cells, 1x/day by mouth.
[ | — p— - p— —— (ap—

Stool y
Swab y 4 y y y y y y y
GSRS/PGI-R
CARS/SRS/ABC
Vineland

Fig. 1 Study design timeline. The trial consists of 10-week Microbiota Transfer Therapy (MTT) and 8-week follow-up observation period after treatment
stopped. Schematic timeline represents a series of treatments that were performed during MTT (top) and frequencies of sample collection and
Gl/behavior assessments (bottom; neurotypical and ASD group colored in green and purple, respectively)
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