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The Science and Clinical Application of
Nutrigenomic Genetics

April 26 - 27,2019
Salt Lake City, UT

Nutrigenomic Guided Precision Nutrition for Maximizing Health and Recovery Today will
focus on an enhanced scientific and rational means to optimize nutrition and improve recovery potential with
respect to an individual’s specific genotype. This overview will provide a genetic guided Precision Nutritional

algorithm for

most disease states that will eliminate the guesswork regarding “necessary” supplementation

while reducing potential clinical liability for the practitioner. Participants will accomplish the following

objectives
7:00 - 8:00 |[Registration
AM
8:00 - 10:00 | Genetic Tools: Introduction to Biochemistry and Science Around Nutrigenomic Testing
AM
Presenter: Kendal Stewart, MD
10:00 -10:15| Break
AM
10:15 AM - | Case #8: Homozygous C677T MTHFR & other Genetic Errors
11:00 AM
Presenter: Dan Purser, MD
11:00 - Foundational Biochemistry
12:00 PM
The Complete Methylation Pathway
Mitochondrial Respiration
Immune Function and In-Depth Cytokine Modulation
Presenter: Kendal Stewart, MD
P11\2/[:00 - 1:00 Lunch
1:00 - 2:00 [Foundational Biochemistry (cont.)
PM
The Complete Methylation Pathway
Mitochondrial Respiration
Immune Function and In-Depth Cytokine Modulation
Presenter: Kendal Stewart, MD
2:00 - 3:45 | Foundational Biochemistry
PM

Neurotransmitter Production and Bioavailability

3 Phases of Detoxification: Pathways of Transmethylation, Acetylation, Phosphorylation and
Glutathione Conjugation

Hormone Productions and Breakdown




Autophagy and mTOR Regulation
Presenter: Dr. Kendal Stewart

3:45-4:00 |Break
PM

4:00- 5:00 Genes Related to Nutritional Deficiencies and Health Problems
PM

Presenter: Dr. Kendal Stewart

5:00 - 5:30 | Q&A with Dr. Stewart
PM

5:30 - 6:30 | Reception
PM
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for Maximizing
Health and Recovery
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Neurotology / Skull Base Surgery
Neuro-Immune Specialist
Chairman and CMO
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GX Sciences




Disclosure

Dr. Stewart is the Chief Medical Officer for GX Sciences



Food for Thought

“The goal of a physician should be to find health
because anyone can find disease”

Andrew Taylor Still, MD, DO
(1828-1917)






What is Unique About Genetic Guided Precision
Nutritional Supplementation?

The body possesses a unique ability to heal itself from most injuries or disease states

Unfortunately, the physiolog?/ of the body involves complex biochemical interactions
that are found at the cellular level

Until recently, health professionals were unable to ascertain cellular level deficiencies
due to an 1nability to “see” the intra-cellular chemistry

Health Professionals were limited to blood testing and supplementation based on
plasma levels which don’t necessarily correlate with intracellular concentrations of
nutrients

Genetic Guided Nutritional Supplementation specifically addresses the unique
biochemical deficiencies based on an the individuals unique genetic make-up.

The focus of Precision Nutrition is to provide the ideal intracellular environment to
maximize “healing” and possible “cure” for the underlying disease process.



Are your patients taking supplements?
Yes!

> Industry Statistics:
In 2004 - $20 billion Industry
- In 2018 - $132 billion Industry
- By 2024 - $284 billion Industry
170 million adults in U.S. take supplements
- 3 out of 4 patients over 55 take supplements daily
- Most of their education is online or through commercials
- >70% of the supplements taken provide no biological effect for the patient
- 90% of supplements are “food grade” meaning no FDA oversight or purity standards
- Most supplements produced in Asia.
- Some supplements can be dangerous for the patient if not monitored.

> Physicians must become educated on supplements and understand the
biochemistry that relates to specific supplements.



Key Events in the Emergence of Genetics

Human
Genome Project
(HGP):

*Completed in 2003

*HGP gave us the ability to
sequence and map the
human genome

*Enabled researchers to
understand genetic factors
in disease and learn how
differences in genes affect
the body’ s response to
medications

1000 Genomes

Project:

* Launched in 2008

* Establish a detailed
catalog of human genetic
variation and the normal
sequence for each of the
genes within the human
genome

* In October, 2012, the
sequencing of 1,092
genomes was announced

Advances in
Genomic
Instrumentation

Recent advances in
Quantitative PCR and Next
Generation Sequencing
(NGS) have lowered the cost
and improved access of
genetic testing. (2014)




3 Major Forms of Genetic Testing?

> Exome Sequencing
» Correlation of genetics with medical disease and risk analysis

> More focused on disease identification, drug development, cancer risk and infantile
screening

> Pharmacogenomics
> Pharmacokinetics
> Body’s impact on drug
> Pharmacodynamics
» Drugs impact on body

> Nutrigenomics

> The study of correlating gene expression and genetic differences (SNPs) with a drug
or nutrient's absorption, metabolism, elimination or biological effects

> Must have therapeutic option for consideration




Genetics Lab
Austin, TX




Laboratory Worktlow
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DNA extraction
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Individualized Precision Medicine

Best in Class
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What is a Single Nucleotide Polymorphism ?

A single nucleotide polymorphism, or SNP, 1s a genetic variation in a single
nucleotide that occurs at a specific position in the genome where each variation is
present to some appreciable degree within a population ( >1%)




Single Nucleotide Polymorphisms (SNPs)

* Most Simple form of polymorphism
* 90% of all DNA polymorphisms
* Occur 1 per every 1000 base pairs
e Not uniformly distributes
e >1,000,000 SNPs identified
* QOccur as:
* Synonymous (silent mutation

e Non-synonymous (missense or nonsense mutation)



Minor Allele Frequency

Minor allele frequency ( MAF) refers to the frequency at which the second most

common allele occurs in a given population. SNPs with a minor allele frequency of 0.05 (5%)
or greater were targeted by the HapMap project. MAF is widely used in population

genetics studies because it provides information to differentiate between common and rare
variants in the population.

Example: MAF: 0.15

If a SNP allele frequency is 0.15 in a population of 100 people:

Total number of alleles for each SNP: 100 * 2 =200 (each individual has two alleles)
Total number of alleles for your SNP with a MAF of 0.15: 200 * 0.15 =30

The minor allele 1s present 30 times in your population of 200.

However, you don't know the distribution of heterozygote and homozygote.



Allele Subtypes

Wild Type (-/-)
* Dominant allele in population
* Encoded protein 1s usually functional and made in proper amount

Heterozygous (+/-)
* One copy of polymorphed gene
* One copy of wild type gene
e May confer weakness or up-regulation of function
* Half of proteins are mutated form

Homozygous (+/+)
* Two copies of polymorphed gene
e May confer weakness or up-regulation of function

X linked
e Traits only seen on X chromosome
e Males have trait conferred only by mother



Why do we care about SNPs ?

» Many single nucleotide polymorphisms lead to appreciable differences in
enzyme or protein function.

» Some SNPs can confer increased or decreased activity of a particular
enzyme.

» Polymorphisms and their subsequent effect can predict risk of specific
conditions and lead to targeted and individualized treatments, lower
patient risk and decreased liability.



Definition of Nutrigenomics

Nutrigenomics 1s a branch of genetics focused on an genomic sequencing
and 1ts’ effects on 1dentifying and understanding molecular-level
interactions between nutrients and their subsequent bio-actives on

health and recovery.

Nutrigenomics studies the genetic variation, or Single Nucleotide
Polymorphisms (SNPs), of an individual person and the biochemical
effects on a nutrient’s absorption, delivery, metabolism, elimination
or biological action.

Nutrigenomics’ purpose 1s to provide an enhanced scientific and rational
means to optimize nutrition with respect to an individual’s genotype.



What is Unique About Genetic Guided Precision
Nutritional Supplementation?

The body possesses a unique ability to heal itself from most injuries or disease states

Unfortunately, the physiology of the body involves complex biochemical interactions
that are found at the cellular level

Until recently, health professionals were unable to ascertain cellular level deficiencies
due to an 1nability to “see” the intra-cellular chemistry

Health Professionals were limited to blood testing and supplementation based on
plasma levels which don’t necessarily correlate with intracellular concentrations of
nutrients

Genetic Guided Nutritional Supplementation specifically addresses the unique
biochemical deficiencies based on an the individuals unique genetic make-up and
allows the practitioner to focus on providing an ideal intracellular environment focused
on recovery potential.



Immune / Methylation / Mitochondrial / Autophagy / Detoxification

Genetic Predisposition

[riggering event(s
Oxidative Stress:
Vaccines (live viral)
Severe Infections
Environmental Toxins
Dietary
Allergies
Trauma
Surgery
Emotional
Growth

(Inability to resolve the metabolic deficiency / inflammatory state )
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Recovery Involves
Minimizing Oxidative Stress
and Maxirnizing Recovery
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Propagation of Disorder:

(an inability to resolve the metabolic deficiency / inflammatory state )



What areas does Nutrigenomic testing cover?

> Inflammation Indicators

» Autophagy

> Methylation

> Neurotransmitter Production and Bioavailability
» Mitochondrial Function

» Detoxification of Chemicals and Bio-actives

> Health Precautions



The Goal of Genetic-Guided
Personalized Precision Medicine

ne Right Supplement/s 1n
e Right Amount for

ne Right Indication for
ne Right Patient at

e Right Time

— 9 33 -






Biochemistry Review

Inflammation Cellular



What cells
are affected?

T cells

Physical Triggers of
Immune Response:

* Infections
-Bacterial, viral
-Fungal, parasitic

* Toxins
-Exogenous
-Endogenous

* Food peptides
* Allergens

* Medications

* Auto antigens

ThO: Naive T cells
Th: Helper T cells
Treg: Regulatory T cells
IL: Interleukin

TNF-a: Tumor necrosis factor-alpha

IFN-y: Interferon-gamma

TGF-f: Transforming growth factor-beta

Th17
» Extracellular bacteria

(skin, lining of intestine) Th1
* Fungi + Cell-mediated immunity and
» Autoimmunity inflammation
* Intracellular pathogens
- Viruses, baclena
Antigen + Autoimmunity
Presenting Cells * Infiammation
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IL-35 » Extracellular parasites
IL-10 @1rey + Asthma, allergy
: IL-10
Treg IL-13
» Immune tolerance
* Lympocyte homeostasis

* Regulation of immune
responses
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Microglial / T Cell Activation

“ON” Switches “OFF” Switches

C3* TNF
CD14* TRAFI
IL2 CTLA4
IL4 STAT4
IL5* SOCS-1
IL6*
IL13
IL23R
IL2RA

Therefore, individuals who develop Neuro-inflammation have more aggressive
microglial activation to inflammatory stimuli (i.e. vaccination, infection, trauma,
toxic exposure) than the general population due to inherited genetic polymorphisms
of immune modulation.



“On Switches”

* (3 (Complement Component 3) (MAF: .45)

* Member of the Innate Immune System
* Controls phagocytosis, inflammation and membrane attack

* CD14 (Cluster of Differentiation 14) (MAF: .47)

* Member of the Innate Immune System
* Receptor for bacterial polysaccharides
* Increased risk of gut inflammation, Alzheimer s, chronic infections, pre-eclampsia, cardiovascular

* IL-5 (Interleukin 5) (MAF: .45)

* Mostly produced by TH2 and mast cells
* Polymorphism codes for aggressive allergic reactivity
* Strongly associated with allergies, asthma and eosinophilia



“On Switches”

s IL2 (Interleukin 2) (MAF: .27)
= Controls proliferation of T and B cells
= Polymorphism codes for explosive allergic response to inflammatory stimuli
= Correlated to severe allergies, cancer risk and bowel inflammation

s JL4 (Interleukin 4) (MAF: .47)
" Produced by activated T cells
» Modifies the STAT system
» Polymorphism produces a robust inflammatory response to allergic stimuli
" can be associated with severe asthma, allergies, chronic sinusitis, migraines and IBS

IL-13 (Interleukin 13)(MAF: .25)
Mostly produced by TH2 cells
Polymorphism codes for aggressive allergic inflammation
Strongly associated with reactive airway disease



“On Switches”

s JL-6 (Interleukin 6) (MAF: .14)
= Mostly produced by monocytes
" [ncreased risk of general inflammation and IBS
= Polymorphism may respond to JAK-STAT inhibitors

= JL23R (Interleukin 23 Receptor) (MAF: .03)
" Highly associated with the JAK2 system
" Associated with higher risk of Crohn'’s and Graves’ Disease
* Polymorphism may respond clinically to JAK- STAT inhibitors

" IL2RA (Interleukin 2 Receptor Alpha) (MAF: .09)

" [ncreased risk of inflammation, Higher Risk of Multiple Sclerosis if with CTLA-4, Type 1
Diabetes

" Patient may respond well to Daclizumab
" Need high level of D3



C3 Polymorphism “up-regulation”

Macro phag es
Mast cells

Monocytes

Neutrophils

Complement
system

Opsonization
Lysis of pathogens
Chemotaxis
Inflammation
—ell activation

Clearance of
immune complexes
and apoptotic cells

Dendritic

cells

T cells

Augmentation of
antibody response

Promotion of
T-cell response

Elimination of
self-reactive B cells

Enhancement of
immunologic memory

Katie Ris-Vicari



CD14 Polymorphism “up regulation”

Autocrine eﬁEﬂ/ Paracrine effect
CWvOr-resident Parenchnyyrmal
macrophages @. TrRIFR A microglia

microglia

TRADDS TRADDYS
TRAFZ2/RIF THRAFZ2/FIIF
MEKKS3 MERKEKS
( NF<BE MNF<BE
IRLAK S TRAFS
MMyDES

Mature reviews | Neuroscience



IL4/IL5/1IL6/IL13 Polymorphism

Pollutants, microbes, glycolipids

Macrohages

NKT-cells

PGD,

CRTH2
ALX/FPR2

Lipoxin A,




IL6 and IL 23R

IFNa

IFNAR2Z

IL124

FPBC
Celiac
disease

IL-12Rp2

STATH

L1128

Psoriasis
IBD

IL-12RB1

IL12RB2

FBC,
Bechet's

Ra, SLE,
Sjogren’s

L2334

FPsariasis

IiL23R

Psoriasis,
IBD, AS,




IL2RA Polymorphism
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“Off Switches”

s TNF (Tumor Necrosis Factor) (MAF: .10)
= Cytokine responsible for B and T cell activation
* Polymorphism results in aggressive T cell overactivation

" TRAFI (TNF Receptor Activation Factor 1) (MAF: .46)
= Mostly produced by T cells
» Functions as off switch for TLR and JK
» Can be induced by Epstein Barr infection



Polymorphism = Increased Aggre'ssion

Aberrant activation of
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Plasma viral load

TRAF1 (TNF Receptor Factor Activation Factor 1)

Costimulation

Costimulation

CDS Thell

TRAF2
TRAF2
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Loss of viral control
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Immune Inflammatory Cellular SNFs
“Off Switches”

= SOCS-1 (Suppressor of Cytokine Signaling 1) (MAF: .39)
= Member of the STAT family

= Polymorphism codes for aggressive inflammation
" May respond well to JAK-STAT inhibitors

s STAT4 (Signal Transducer and Activator 4)(MAF: .26)
= Codes for protein that activates THI from naive CD4

» Polymorphism codes for overtly aggressive inflammatory aggression
" May respond well to JAK-STAT inhibitors

= CTLA4 (Cytotoxic T Lymphocyte Associated Protein 4) (MAF: .43)
» Functions as an “off switch” or immune down regulator
» Polymorphism allows for severe chronic inflammation



SOCS-1 (Suppressor of Cytokine Signaling)
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STAT4 (Signal Transducer and Activator 4) Polymorphism

Physical Triggers of
Immune Response:

* Infections

-Bacterial, viral
-Fungal, parasitic

» Toxins

-Exogenous
-Endogenous

* Food peptides
« Allergens
= Medications

Th17

» Extracellular bacteria
{skin, lining of intestine)

* Fungi
* Autoimmunity

inflammation

* Intracellular pathogens
- Viruses, baclena

* Autoimmunity
* Inflammation

Antigen
Presenting Cells

= Auto antigens
TGF-B * Antibody-mediated immunity
ThO: Naive T cells IL-35 = Extracellular parasites
Th: Helper T cells IL-10 * Asthma, allergy
Treg: Regulatory T cells
IL: Interleukin
TMF-a: Tumor necrosis factor-alpha :I;reg tol e
IFM-y: Interferon-gamma k Lm :11"':: ¥ ?::ll::::stas's
TGF-: Transforming growth factor-beta ATApey. E

* Regulation of immune
responses



CTLA4 (Cytotoxic T Cell Protein 4)

CTLA4 is “off switch” for
antigen presenting cell




Important Immune Enzymes

" DRD2 (Dopamine Receptor D2) (MAF: .23)

= Higher response rate to Low Dose Naltrexone

* IDOI(Indolamine Dioxygenase) (MAF: .45)

Control conversion of tryptophan to kynurenine
Polymorphism leads to buildup or tryptophan which lead to T reg (CD8) cell depletion

Polymorphism weakens immune tolerance and can lead to difficulty with infection,
pregnancy, transplantation, autoimmunity, and neoplasia

Treatment: Beta Glucans, Andrographalide, Astralagus



DRD2 (Dopamine Receptor D2)
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Wounding,
Apoptotic cells,
= DNA release,

» |nfection, etc.

Primary insult

L3 |

IDOI1
Indolamine 2,3-
Dioxygenase 1

&

IFMeefd,

IFNy,
TGF,

DMA sensors,
TLR-ligands, etc.

Inflammation
[activating signals)

signals favoring Signals favoring
effector processes suppression and
and immunity tolerance

# |L-B, » CTLA-4

. IL-12, | * Foxo3a

s CO40-ligand, + |L-10

s g, ‘ = 7PD-1/PD-L

L L]
Immune effector processes Immune suppression
Immunity Tolerance

Blocked Immune Tolerance = Chronic Inflammation




Treatment Inflammation Cellular

Treatment should be targeted at alternative “off switch” or down-
regulator

- Cannabidiol (CBD) oil

- Low Dose Naltrexone (LDN) capsules or lotion

- Palmitoylethinolamide (PEA)

- Beta Glucans (probiotic or mushroom based)

- Omega 3 Fatty Acids

- Bio-identical steroids (Pregnenolone, Progesterone, Testosterone)

- Curcuminoids (COX Modifier) and Resveratrol (IL1B Modifier)



Inflammation Cellular - PEA

Pathogen-derived
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Cannabidiol and Neuro-Inflammation

Mature Reviews | Drug Discovery



Inflammation Cellular Treatment
Low Dose Naltrexone Lotion

Opioid-receptor
alterations

Morphine —e A

Second-order pain
projection neuron

»f chemokines,
1d CGRP

Chemokine
7| receptor

5P
receptor

O_ @ " —NMDA receptor

Pro-inflammatary

factors, including @ o Spinal neuronal
CCLZ and CXCL1—O o sensitization

Activated
microglial cell

Activated astrocyte

Nature Reviews | Neuroscience



Inflammation Cellular: Palmitoylethanolamide

Indication:

» STAT4, CTLA4, TNF, multiple “ON” SNPs

» Aggressive Inflammation

» Chronic Pain / ADD / Depression / Cognitive / Anxiety / Seizures

MOA: Binds to cannabinoid G protein and enhances anandamide (endocannabinoid)
activity

Does not bind directly to CB1 or CB2 receptors
Objective: PEA is a Nuclear Factor Agonist that is:

Peroxisome Proliferator Alpha Agonist
Anti-inflammatory

Anti-convulsant

Neuro-protective

Y VY Y VY VY

Anti-nocioceptive



Inflammation Cellular
Beta Glucans and Immune Modulation

Genes and Symptoms:
STAT4, CTLA4, TNF, IL13, IL6, IL5
Low T cell counts
How does B1, 3-B1, 6-D-Glucan work on the immune system?

Objective: Beta Glucans can: Beta glucan

- Stimulate production of WBCs Receptor pathogen Immunoglobuling
: oot /

- Increase phagocytosis \# > ek

- Shift Th2 dominance to Th1 000 ' ;
—} 0" @ 0 @ Tumor Necrosis

0 Factor
Strategy: 9
Beta glucans 1/3,1/6 - Probiotic ¢ Macrophage activation via cell surface receptor

Echinacea, Silymarin
Andrographolide, Quercetin
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MNuts, seeds, grains sardines, mackarel
Conventional meats Flaxseed and chia seeds
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Linoleic Acid Alpha Linolenic Acid
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Inflammation Cellular
Omega 3 Fatty Acids
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Omega 3 Fatty Acids
Resolvins, Lipoxins and Protectins

Lipoxins
Resolvi
Prostaglandins pm;;::i
Leukotnenes 3
| “«-.% Complete Resolution

] a
E /
Allergen, Microbe ——> | AACHEIRIARIAUONY

Prostaglandins

: Leukotrienes
Time




Progesterone and Inflammation Control

Reduces

Mitochondrial

———

Thecreases free

T




Inflammation Control
Curcuminoids and Resveratrol

inflammation insulin sensitivity stress resistance




Biochemistry Review

Inflammation External
Gastrointestinal



Immune Inflammatory Gastrointestinal SNPs

* AOCI (Amine Oxidase Copper Containing 1) Diamine Oxidase
* Homo or Hetero in combination
* Involved in breakdown of histamine from external sources
* Highly concentrated in the intestinal tract

 HNMT (Histamine N-methyltransferase) -

e Homo or Hetero in combination

Involved in the breakdown of histamine from external sources

Requires SAMe as a co-factor

Highly concentrated in the intestinal tract

 FUT2 (Fucosyl Transferase 2) - Hetero/ Homo significance
* Functions to provide fucosyl sugars to intestinal lining for promotion of probiotic growth
* Secretor vs. Non-secretor
* Homo = Non-secretor Hetero = Partial Secretor



Immune Inflammatory Gastrointestinal SNPs

 HLADQAI /DQA2
* Homo or Both Hetero
* Polymorphism creates higher risk of severe antigenicity to gluten
* Also associated with higher risk of gluten and casein sensitivity

 HLADRBI / DRB?
* Homo significance
* Polymorphism creates higher risk of mold sensitivity and explosive IgE response
* More severe inflammation from yeast overgrowth
* Essential to improve microbiome



The “Leaky Gut”
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AOCI and HNMT Polymorphisms

Histamine

Histadine - Histamine
iron, B12, B6
copper, vitamin C
N-methylhistamine Imidazoleacetyl-aldehyde

FAD Aldehyde Dehydrogenase

N-methylimidazole-

acetic acid Imidazoleacetic acid
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AOC1 and HMNT

Genes and Treatment Indication:

- AOCI1 polymorphism (formerly DAO Gene)
- HMNT polymorphism

- Histamine food response

Objective:
Provide histamine enzymes to assist with histamine breakdown

Strategy:

- Diamine Oxidase (Porcine kidney)

- NAC

- Vitamin C

- ALA

- Stinging Nettle

- Bromelain

- Avoid Histamine Foods if Homozygous on Either SNP



FUTZ2 (Fucosyltransferase 2) Polymorphism
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injlammation Lxternal
FUT2

Gene and Treatment Indication:
- FUT2 polymorphism

- Immune Weakness

- Post Antibiotics

- +/+ is “non-secretor”

= +/-is “partial secretor”

Objective: Provide broad spectrum probiotics for beta glucan production and
dysbiosis control

Strategy:
- Prebiotics and Broad Spectrum Probiotics
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Inflammation External
HLA-DQOA

Gene and Treatment Indication:
Homo HLA DQAI / DQA2
Gluten Sensitivity
IBS

Food Sensitivities

Objective: Assist in digestions of complex proteins that can cause inflammation

Strategy:

- Broad based digestive enzymes

- Chews or capsules

- Gluten Avoidance if Homozygous



Inflammation External
HILA-DRB

Gene:
Homo HLA DRB mutation

Associated Syndromes:
“Sick House Syndrome™

“CPAP Syndrome”
Explosive Mold Sensitivity

Strategy:
- Mold Avoidance
- Down Regulation of Immune Cells (CBD, LDN, PEA)






Biochemistry Review

Autophagy Consideration



Specific Autophagy Deficient Syndromes

Alzheimer’s
Dementia
Parkinson’s
Multiple Sclerosis
Amyotrophic Lateral Sclerosis
Huntington’s Chorea
Benign Essential Tremor
Inflammatory Bowel Disease
Diabetes Type 2
Macular Degeneration
Hearing Loss
Auto-Immune Disease

Lupus

Sjogren’s

Rheumatoid
Most Cancers
Autism / Developmental Delay



What is Autophagy?

Autophagy is the natural, intracellular degradation mechanism that
disassembles unnecessary or dysfunctional components (garbage)
from the cell cytoplasm. Autophagy performs the orderly clearance
and recycling of cellular components.

Mechanisms of Autophagy led to the award of the 2016 Nobel Prize in
Physiology and Medicine to Japanese autophagy researcher Yoshinori
Ohsumi.

Autophagy has 1t’s most profound effects on high energy cells (ie
nervous system, immune system and endocrine system).
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Autophagy Recycles Intracellular Garbage
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Rapamycin Starvation

Growth Factors

Autophagosome




mTOR (Mechanistic Target of Rapamycin)
: Nutrient
i e o

e Metabolic Rate
Growth
Factors

Increased Cell

Growth and ——

Metabolism
mTOR

(speedometer)

Cellular Rest

Insulin

Upregulation Insulin Down-

regulation

High Rate of
Autophagy
Clearance

Low Rate of

Autophagy




mTOR functions in two distinct
complexes and pathways

energy
Leucine

Glucose Oxygen
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growth, protein synthesis,
ribosome biogenesis

mTORC1

Growth factors
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mTORC2

Rictor Pathway Overactivation
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Autophagy Related Polymorphisms

* ATG5/ATGI12/ATGI16L1 (MAF: .39)

* Hetero / Homo significance
* These three genes code for protein complex that forms wall of autophagosome
* Highly correlated with:

* Type 2 Diabetes

* Insulin Resistance

 PCOS

* Fatty Liver Disease

* Neurological Disease

* Autoimmune Disease

* Hearing Loss

* Ophthalmic Disorders

* NOD2/CARDIS ( Nucleotide Oligomerization Domain Protein 2) (MAF: .09)

« Hetero / Homo significance
* Associated with lower ability to clear bacterial antigens
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Autophagy Weakness Interrupts Cellular Glucose Delivery
D-chiro Inositol and Insulin
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Autophagy and Insulin Resistance Vicious Cycle

Excessive calorie/fat intake

Obesity | Treated with high doses of insulin
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Treatment of Autophagy Deficiencies

Caloric Restriction (12-15 hour fast), Limit Protein intake to 70 gm/day

Energy Depletion (Exercise)

High Dose Antioxidants (IV Vitamin C) and High Dose Glutathione

Medications:
Rapamycin (mTOR Inhibitor)
Growth Hormones

Supplements:
D-Chiro Inositol (600mg bid)
Resveratrol
Curcumin
Catechins
Piper Nigrum
Lithium Orotate



Autophagy Related Polymorphisms

* PARK? (parkin)

* Homo significance

* PARK2 — Autosomal Recessive Ubiquitin Ligase - Early onset of Parkinsonism - Slow
Progression

* APOE (Apo-lipoprotein E) — Hetero / Homo significance
* Intermediate Density Lipoprotein - Principle cholesterol carrier for the Brain
* 3 Polymorphisms E2 / E3 / E4

* E4 being the polymorphism correlated with Alzheimer’s, Atherosclerosis, Post
Concussion Syndrome and Macular Degeneration



NOD/CARD /ATG5 / ATG16L1 and the Microbiome




PARK?2 (Parkin) / PARK6 (PINK1)
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APOE (Apolipoprotein E)
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APO E 3/3

64%

APOE Distribution
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APOE Variant and Neurotransmission
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Autophagy and APOE
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APOE Genetic Interpretation

ApoE Sub-Type SNP, rs# rs429358 SNP, rs# rs7412

" variant T (85%) " variant C (92%)

"+ variant C (15%) "+" variant T (8%)
Apo-e1/¢1 +/+ (C;C) +/+ (T;T)
Apo-£1/€2 +/- (C;T) +/+ (T;T)
Apo-£1/€3 +/- (C;T) +/- (CT)
Apo-£2/e4 +/- (C;T) +/- (CT)
Apo-e1/e4 +/+ (C;C) +/- (CT)
Apo-£2/€2 -I- (T;T) ++ (T;T)
Apo-£2/€3 -I- (T:T) +/- (CT)
Apo-£3/€3 -I- (T;T) -/- (C;C)
Apo-£3/e4 +/- (C;T) /- (C;C)

Apo-gd/cd +/+ (C:C) - (C:C)



Food for Thought

“He is the best physician who is the most ingenious inspirer
of hope.

Samuel Taylor Coolridge



':‘ IEF' :.t' i E-:-,u

= g e __‘;__'-h_. " 1,?" Hq.r_.h_. h‘ ,1'-5_,;,-
- 1".'_'--1'4:"'”_ = : o m ’I} Eﬂw = ﬁ&‘ :




Nutrigenomic Guided
Precision Supplementation
for Maximizing

Health and Recovery

Part 2

Kendal Stewart, MD

Neurotology / Skull Base Surgery
Neuro-Immune Specialist
Chairman and CMO
Neuro-Sensory Center of Austin
GX Sciences




Biochemistry Review

Methylation



Why should we care about Methylation?

= Methylation involves the addition of a “methyl” chemical group to a substrate
= Used in over 250 biochemical processes in the body

=  Methylation utilized in major functions of:

= Neurotransmitter production

= Cell turnover and repair

= Membrane function

= Energy (mitochondrial) function

= Immune Function

= Therefore, problems with methylation will affect the cellular delivery, epigenetics and
intra-cellular functionality of almost all cells



Biochemical Overview Methyl Folate Deficiency

Poor Neurological Heal ethvl T T Cell Immunc Weakness |
0 . T Cell Immune Weakness_
oor Neurological Healin Methyl THF T Cell Immune Weakness

Mitochondrial weakness Poor Steroid Production / Metabolism

Inflammatory Activation

Poor Toxin Clearance (Glutathione

Memory/Focus/Concentration Issues

Poor Sleep Patterns

Poor Dopamine / Serotonin Production

Lowered Seizure and Pain Threshold

Emotional Instabilig ‘
Poor Fine Motor Skills/ Tremors ‘




Simplified “Bucket” Theory
Proper Methylation

Methyl Folate Supply




Immune Challenge Bucket Theory
Methylation Deficiency and Oxidative Challenge

N

Decreased
Dopamine

g

Increased
Inflammation

Methyl Folate Supply




Healing Crisis / Chronic Inflammation Bucket Theory
Healing and Methylation Deficiency

Methyl Folate Supply

Decreased
Dopamine
* Increased Energy
Increased Nutritional Need
Need

Increased
Inflammation



Important Folate Methylation Enzymes

FOLR 1,2 (Folate Receptor)
= Actively transports folate into cells

DHFR (Di-Hydrofolate Reductase)
= Converts DHF to THF

MTHFD (Methylenetetrahydrofolate Dehydrogenase)
= Converts Formyl THF and Methenyl THF to Methylene THF

MTHFS (5,10-methenyltetrahydrofolate Synthetase)
= Converts 5-formyl THF to 5,10 Methenyl THF

MTHFR (Methylenetetrahydrofolate Reductase)
= Converts 5,10 Methylene THF to MTHF



PLASMEK CELL

® In order for Follke

e " Dihydrofolate Acid to be taken
Folic Acid {No known biological activity) into the call. it
il S— must be converted
{Inactie Synthetic Pro-drug) DHFR ﬂ DHF Reductase to L-Methyfolate.

Tetrahydrofolate
No known biological activity}

',f" B B
MTHFD1 =~ MTHFS

= i | 10-Formyl
S i <r Tetrahydrofolate
L-Methz..rlfnlate S (Folinic Acid)
& (Active Folate) ' rﬁ,iﬂ‘MEthylenE e
- " ] "‘**Fetrahydrnfﬂlate Purines
T ® Only reduced folates

= e

iy :-_____..-...... % are functional and are
. e n:_:-nthlll'nr A
Methionine : ey nthasls cyche.

IViethylation

DNAE&
Cycle e

~ PROTEIN
SYNTHESIS

PLASIVIA



Folate Metabolism
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Approximating Methylfolate Deficiency

= Significant SNPs:
= FOLR (20% / 40%)
= MTHFDI (10% /20%) (two steps in process)
= MTHFS (30% / 60%) (cannot use leucovorin)
= MTHFR 677 (40% / 70%)

= Lesser SNPs:
= DHFR (10% / 20%)
= MTHFR 1298 (10% / 20%)



Supplements Methylation
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Important B12 Methylation Enzymes

«  MTRR (Methionine Synthase Reductase)

Responsible for the regeneration of methyl-cobalamin in the methionine reaction

-  MTR (Methionine Synthase)

Responsible for Conversion of Homocysteine to Methioinine

MTHEF, MB12 are co-factors

GIF (Gastric Intrinsic Factor)

Binds to B12 in the stomach and is necessary for B12 absorption by the ileum

TCNI (Transcobalamin 1 or Haptocorrin)
Binds to B12 to protect it from acid degradation

TCN2 (Transcobalamin 2)

Binds Cobalamin in the enterocytes and transports it through the body
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Biochemistry Review

Mitochondria



Mitochondrial Concepts

» Every cell requires energy
» Highest energy organs are nervous system and immune system

» Mitochondrial weakness is more common than previously thought
» Chronic Fatigue
» Exercise Intolerance
» Low Muscle Tone
» Mental Fatigue

» Cognitive Decline



Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

/ Qutside cell Inside cell

blood
vessel

G

Glycolysis

Preparatory reaction

glucose —— pyruvate

Autophagy
Affected

Methylation
Affected



matrix intramembrane

space
MADH H*
+ +
H* H o dehydrogenase H -
H* H Complex | H™
NAD* i H*
- r—_T
‘.;__'-
e
succinate - GPD2
dehydrogenase
Complex Il
fatty acyl e ‘ |
e =
[Crdy =T = l: CHe_H
== ov  CoQ
H-I-
HY ubiqui
quinol-cyt ¢ +
H* _tl+ oxidoreductase +H H*
UQC NWi H Complex Il H
Y : i
:_: = L= — N H*
) =¥ i
H*H™ » c?tnchrnme-' ”
= H* H oxidase H + H*
COX 5A/6C Complex IV -
1‘ ADP + P;

ATP
AT Pase synthase




Mitochondrial Polymorphisms
CoQ-10 Related

NDUFS3/NDUFS7/NDUFS8 (NADH Dehydrogenase Complex)
= Complex 1 protein in Respiratory Chain

UQCRC2 (Ubiquinol-cyt ¢ Oxidoreductase)
= Complex 3 protein in Respiratory Chain

COQ2 (Ubiquinone Polyprenyltransferase)
= The final enzyme in the production of CoQ-10

Treatment: Ubiquinone / PQQ / NADH



Important Mitochondrial Supplement
What is PQQ?

> PQQ (Pyrolloquinoline Quinone):

Stimulates production of nerve growth factors

. Protects cells from oxidative stress
Shown to protect memory and cognition of ageing humans
Shown to stimulate new mitochondria biogenesis

. Prevents the aggregation of alpha-synuclein (Parkinson’s)



Mitochondrial Polymorphisms
Not CoQ-10 Related

= COX5A4/7COX6C (Cytochrome Oxidase)
= Complex 4 protein in Respiratory Chain

= ATP5CI (ATP Synthase)
= Complex 5 protein in Respiratory Chain
= Responsible for production of ATP

= Treatment:
= Acetyl-L-Carnitine
L-Ornithine
NADH
Resveratrol

Quercitin



Approximating Mitochondrial Respiration Weakness

NDUFS7

Complex 1

SUXD
Complex 2

UQCRC2

Complex 3 7.5% | 15%

COX 5A/6C

7.5% 1 15%
Complex 4

ATP 5C1
Complex 5

15% / 30%




Overcome Mitochondrial Weakness

Indication:
Multiple Polymorphism of Respiratory Chain
NDUFS / UQCRC2 / ATP5C1
< 80% Mito Strength

Objective: Improve energy and Mitochondrial biogenesis

Strategy:
NADH (cofactor)
Ubiquinone (cofactor)
PQQ (biomodulator)
Acetyl-L-Carnitine (substrate)
Resveratrol (antioxidant)
Quercetin (antioxidant)
L-Ornithine (substrate)



Biochemistry Review

Neurotransmitter Production and
Bioavailability



Dopamine, Serotonin and Norepienphrine
Neurotransmitter Production

Norepinephrine

Tyrosine Dopamine

TPH DBH

Serotonin

Tetrahydrobiopterin Di-hydrobiopterin

(BH2)

(BH4)

5-MTHF




What Do We Desire For Our Patients

Dopamine balance

“Relaxed State-of-Mind”



Important Neurotransmitter Enzymes

»> COMT (Catecholamine-O-methyl Transferase) - Hetero / Homo
> Degrades catecholamines (dopamine, epi, norepi)

> Normal function leads to low anxiety

> MAOA and MAOB (Monoamine Oxidase ) - Homo significance
> Degrades monoamines (dopamine, serotonin)

> Normal function leads to low risk of depression

» GAD1(Glutamic Acid Decarboxylase) - Hetero / Homo
> Converts Glutamic Acid to GABA

> Normal function leads to calmness (relaxation, normal sleep, low pain and seizure
risk)



Neurotransmitter SNP
COMT Vall58Met

Catechol-O-methyltransferase (COMT)

Hetero / Homo significance = Decreased activity

Responsible for degradation of catecholamines (dopamine, epi, norepi)

Val/Val (wild type) - “Happy go lucky” people

Val/Met (hetero) - “Stoners”

Met/Met (homo) — “Mood disorder stays all day”

Met/Met have higher rate of anxiety disorders, processing disorders and depression

Treatment: Methyl donors (Taurine, Choline, Methionine, Inositol, DMG, TMG)



Neurotransmitter SNP
MAOA and MAOB

Monoamine Oxidase B (MAOB)

Homo significance = Decreased activity

Responsible for degradation of catecholamines (dopamine, serotonin, norepiphrine)
X linked inheritance

Known as “warrior gene” and “depression gene” respectively.

Patients are more refractory to recovery from anxiety and depression

Treatment: Methyl donors (Taurine, Choline, Methionine, Inositol, DMG, TMG), 5-
HTP
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Neurotransmitter SNP
GAD 1

Glutamic Acid Decarboxylase (GADI)

Hetero / Homo significance = Decreased function

Converts Glutamic Acid to GABA
- Pyridoxal-5-phosphate (B6) cofactor

Decrease levels of GABA create:
- Dysphoria
- Anxiety
- “Half Glass Empty” syndrome
- Increased Pain Sensitivity
- Sleep Disorders
- Spasticity
- Low Libido

Treatment: Glycine, Zinc, Beta-Phenyl-GABA, Magnesium, B6



Glutamate / GABA Balance

GAD1 +/- or +/+ GABA
Glutamate _ﬂﬁ-ﬁ“‘“ﬁﬁ

o
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Anxiety, Dyspﬁoria, Inattentiveness, Muscle Spasms, Poor Sleep Initiation, Poor Peristalsis

Amantadine, Namenda, Glycine, Mg, Zn Beta Phenyl GABA

Calm, Relaxed, Focused, Good Sleep
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Important Neurotransmitter Enzymes

-  HTR? (5-Hydroxytrypamine Receptor 2) — Hetero / Homo significance
Receptor for Serotonin
Mutation linked to higher rates of refractory depression
Mutation can be linked to lower levels of oxytocin, prolactin, ACTH and renin
Patients are more refractory to treatment with SSRIs

Treatment: Higher doses of S-HTP needed, oxytocin for women

- SLC6A4 (Solute Carrier Family 6 Protein A4) - Hetero / Homo significance

Transports serotonin from the synaptic space to the pre-synaptic neuron
Sodium dependent serotonin transporter

Mutation linked to higher rates of refractory depression and PTSD
Patients are more refractory to treatment with SSRIs due to mutation
Treatment: Higher doses of 5-HTP needed, oxytocin for women
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Important Neurotransmitter Enzymes

DBH (Dopamine Beta Hydroxylase) (MAF: .43)
Ascorbate (Vit C) and copper dependent
Catalyzed conversion of dopamine to Norepinephrine

Polymorphism leads to reduced production of Norepinephrine which lead to poor
autonomic (dysautonomia) and cardiovascular function (hypotension)

Has also been linked to ADD, Autism and POTS

Treatment: Vitamin C, L-threo-dihydroxyphenylserine (Droxidopa) (Northera),
Phenypropanolamine

TPH (Tryptophan Hydroxylase) (MAF: .35)
Catalyzes the rate limiting step in the production of serotonin
Biopterin, Niacin (B3) dependent hydroxylase
Correlated with anxiety, depression and bi-polar
Polymorphism leads to increased efficacy of SSRIs
Treatment: 5-HTP, 5-MTHEF, Niacinamide, SSRI’s
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Important Neurotrophic Protein

BDNF (Brain Derived Neurotrophic Factor) (MAF: .20)
Member of Growth Factor Family
Encourages the growth and formation of new neurons and synapses

Polymorphism associated with developmental delay, anxiety, various psychiatric
disease states, dementia and decreased neuroplasticity

Treatment: Autophagy based (fasting, D-chiro Inositol), exercise and cognitive
therapy

Note: Polymorphism may indicate need for Stem Cell Therapy to assist with
recovery



BDNF
Brain Derived FUNCTIONS OF BDNF

; @ BDNF plays critical roles in many aspects of brain
NeuFOtrop hic development and functions, including

Factor

BONF

Cell survival,

®
Differentiation, o / \ "
Migration, PY B PN
Development, ‘ .

Learning and memory . "R o
Tyrosinekinase roGdl
R

Synaptic plasticity

Ceall morphology
Survival Calcium influx

(Zheng et al., 2012) Differentiation
Synaptic plasticity




Food for Thought

“Many of us will die for science without
knowing it.”

Gerhard Kocher






Biochemistry Review

Detoxification



Subtypes of Detoxification

Phase I Detoxification
*  Cytochrome P450 oxidation and reduction

Phase II Detoxification of Intermediary Metabolites
*  Methylation
*  Transulfuration
* Acetylation
*  Glutathione production and conjugation

Phase III Detoxification of Reactive Molecules

*  Peroxide
*  Aldehydes
* Reactive oxygen species



Toxins
(fat-soluble)
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Biochemistry Review

Detoxification
Phase 1



Phase I Detoxification
The Cytochrome Polymorphisms

 Pharmacogenetics

e Hormonal Breakdown



Detoxification Genetics Report

Gane & Variation

CYPLAL'ZC A4BE9G 151048943 ™ =3
CYF1AL m3 T205C 154DE6EBI ™ =
CYPLAL C2453A 1799614 GG o
CYF1AZ 164A>C 762551 AR -
CYPLB1 L432V 151056836 GG I
CYP1B1 N4535 1800440 v -+
CYPLE1 R4BG 10012 CG -
CYPZAB*Z LT8O T=A 51801272 AR -+
CYPZAB*20 1S ZB300444 " -+
CYP2CO*2 CA430T 1798653 cC -+
CYPZC*3 ALOTSC 151057910 AR =
CYPZC18°17 1$1224 8560 cT -
CYPZD6 S486T rs 1135840 GG %
CYP2D6 100C>T s 1065852 AG +-
CYP2D6 ZB60C>T 16947 GG 2k
CYFZE11B BEDEC>G S2070678 cC i
CYPZE1*1B 10023G>A rs5580 7648 GG -+
CYPZEL* 4768G=A s6413419 GG £
CYPIA4*1B 12740674 v -
CYPIA*2 52229 155785340 AR pr
CYPIA4*3 M4BT rs4086010 AR -+
CYP3A4+16 T1E55 12721827 GG -+
GSTPL 05V rs1896 AR -+
GSTPLALLAY 151138272 cC -
S0DZ AL6V rs4880 AG pry
NATL RLETQ rs4D86782 GG 3
NATL RE4W 51805158 cC 5T
NATZ L14T 151801260 i -
NAT2 R197Q rs1789930 A I
NATZ G2BBE 1799031 GG -
NATZ RE4Q 181801279 GG -+
NATZ K28R r1208 AR N




Pharmacogenetics is Personalized Medicine
for Drugs

P / ‘ ‘
Drug toxic but
NOT beneficial

beneficial

{% /,E;ame diagnusi;_\
same prescription

Drug NOT toxic and D NOT :
NOT beneficial g it eng




FDA Guidance and PGx Testing

» Guidance has included “Black Box” warnings, dosing guidance and recognition that

many adverse drug reactions are due to genetically caused decreases in drug
metabolism and pharmacological effect.

» More than 130 commonly prescribed medications have labels that include PGx related
clinical warnings and precautions



Pharmacokinetics Metabolizer Phenotypes

Phenotype

Poor metabolizer
(PM)

Intermediate Metabolizer
(Im)

Extensive Metabolizer
(EM)

Ultra-Rapid Metabolizer (UM)

Active Drug

Active drug may accumulate
Require lower dose to avoid toxic
accumulation

May require reduced doses
May lead to drug-drug interactions with
concomitant medications

Standard dose appropriate

Requires higher dose to offset higher rate
of metabolism

Prodrug

Inactive pro-drug may accumulate
Lack of therapeutic response

* Standard dose appropriate

* Rapid onset of effect

* May require lower dose to prevent
excessive accumulation of any active
metabolite



Genetics Influence Drug Response by:

Pharmacokinetics

» the body’s impact on a drug

Pharmacodynamics

» a drug’s impact on the body

Impacts drug dosage

4 metabolic phenotypes:

Ultra-rapid
Extensive (normal)
Intermediate

Poor

Impacts likelihood of drug
producing desired therapeutic
effect

Extremely complex interaction



Pharmacokinetics
Human Cytochromes P450 (CYP) and their Contribution to
Hepatic Drug Metabolism

* Approximately 57 types of CYP enzymes

* CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP3A4 and CYP3AS are

responsible for the metabolism of >90% of all drugs

* CYP genetic variation can lead to variability in drug metabolism

CYP2C9
12%

CYP3A4/5
35%

CYP1A2
11%

N

CYP2E1
5%

CYP2C19

10%

CYP2A6

CYP2D6
25%

2%

Wilkinson, N Engl J Med 2005; 352
Zanger & Schwab, Pharmacol &
Therapeutics 2013; 138:103-141
Bertz & Granneman, Clin. PK: 1997



Pharmacokinetics
Metabolizer Phenotypes

Both alleles are non-functional Little or no enzyme activity Poor metabolizer
(PM)
One allele is non-functional & one Decreased enzyme activity Intermediate Metabolizer (IM)

allele is functional

Both alleles function normally Normal enzyme activity Extensive Metabolizer (EM)

One or more alleles result in increased Increased enzyme activity Ultra-Rapid Metabolizer (UM)
enzyme function



Pharmacokinetics
Metabolizer Phenotypes

Phenotype Active Drug Prodrug
Poor metabolizer e Active drug may accumulate * |nactive prodrug may accumulate
(PM) * Require lower dose to avoid toxic * Lack of therapeutic response

accumulation

Intermediate Metabolizer May require reduced doses
(Im) * May lead to drug-drug interactions
with concomitant medications

Extensive Metabolizer * Standard dose appropriate e Standard dose appropriate
(EM)

Ultra-Rapid Metabolizer (UM)

Requires higher dose to offset higher ¢ Rapid onset of effect

rate of metabolism  May require lower dose to
prevent excessive accumulation
of any active metabolite



Modify Dose or Avoid based on Metabolizer Phenotype

After: personalized medicine (from genotype to phenotype)

i [ ———— [ —
one-dose-fits-all
approach :
Genotype or or or :
|| UL L L L
ﬁ I
Phenotype Ultrarapid Extensive Intermediate Poor
O O O O metabolizers metabolizers metabolizers metabolizers

v WA G

100 mg

Xie and Frueh, Personalized

Medicine (2005) 2(4), 325—- B0 i 100 mc 10




Biochemistry Review

Detoxification
Phase 11



Phase II Detoxification Polymorphisms

Re-methylation (MTR MTRR, MTHFR)
Transmethylation (AHCY)
Trans-sulfuration (CBS, CTH)
Acetylation (NAT2)

Glutathione conjugation (GSTP1, GSTM1/3)



Important Phase II Detoxification Enzymes

» MTR (Methionine Synthase)

» Required for regeneration of methionine from homocysteine
» Requires MTHF and Methyl B12 as a co-factors

» Poor function results in low methionine and high homocysteine

> MTRR (Methionine Synthase Reductase)

> Required for functional methionine synthase

» Essentially regenerates Methyl B12 for Methionine Synthase

» AHCY (Adenosylhomocysteinase)

» Converts adenosylhomocysteine into homocysteine and adenosine

> Results in reduced levels of homocysteine in the pathway



Important Phase II Detoxification Enzymes

= MTHFR (Methylenetetrahydrofolate Reductase)
= Required for reconversion of THF to MTHF

= CBS 699 (Cystathionine Beta Synthase)

Transsulfuration conversion of Homocysteine to Cystathione

Can cause increased levels of sulfites and ammonia

= (CTH (Cystathioninase)

=  Enzyme that converts Cystathione to Cysteine

= Important role in glutathione production



Phase II Detoxification
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Diseases with Documented Links to

Low Glutathione

Neuro and Brain

Alzheimer’s Disease

Parkinson’s Disease

Huntington’s Disease

Amyotrophic Lateral Sclerosis
(ALS, or Lou Gehrig's Disease)

Migraines

Multiple Sclerosis (MS)

Autism

ADHD/ADD

Bipolar Disorder

Depression

4

cer (Breast, Lung, C
lon,

Ovarian, Leukemi

is
nic Fatigue

nic Obstructive 1
Imonary Disease (COP

itis of Any Kind

Thyroid and
Pancreatic Function
Diabetes

Pancreatitis
Hyperthyroidism
Hypothyroidism



g -

Roles of Glutathione

~ Antioxidant ™
B “__ Function - [

Ultraviolet >,  _~_ “Cell Growth
Prntentinn/ Cell Divisinn/

. l/f Protein
Cnn]ugatmn/- \\_ESynthesus

o

Reg;"gtlfl“" f”f ..fl-_Eukﬂtl‘IEI‘I;H\W
2 Synthesus /
EI"I.Z mes Metabolic \\ /
~ y / / Reduclng\ e s canil
\ Functions /

T e

o,

‘“‘\
w.

-



Detoxification Phase Il - MTRR

Methionine Synthase Reductase (MTRR)

Hetero / Homo = decreased activity
Regenerates B12 for use in Methionine Synthase
Typically causes a high homocysteine (<12) and low methionine

Can cause hypomethylation of neurotransmitters, DNA and drug substrates

Treatment: 5S-MTHF / Leucovorin, MB12, Methionine



Detoxification Phase Il - AHCY

Adenosylhomocysteinase (AHCY)

Homozygous = decreased activity
Typically causes a very low homocysteine (<5) and high methionine
Can cause hypomethylation of neurotransmitters, DNA and drug substrates

Overall result 1s substantial decrease in all downstream substrates including
Glutathione

Treatment: N-Acetyl-Cysteine, Glutathione



Detoxification Phase II - CTH

Cystathioninase (CTH)

Homozygous = decreased activity
Converts Cystathione into Cysteine
Results in low level of Cysteine and high levels of Cystathione

Overall result 1s substantial decrease in all downstream substrates including
Glutathione

Treatment: N-Acetyl-Cysteine, Glutathione



Detoxification Phase II - GST

Glutathione-s-Transferase (GST)

Hetero / Homo = decreased activity
Catalyze the conjugation of chemicals to glutathione
Can compromise up to 10% of cytosolic proteins in some cells

Primary enzyme combination to remove xenobiotics

Treatment: High dose glutathione (IV or suppository), Low dose
targeted glutathione, N-Acetyl-Cysteine



Reduced glntathione ({(-( Intamvlcyvsteinviglvcine)
o 2 = i
Glycine = gt S SH A
H-C —H
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Detoxification Phase II -Glutathione Conjugation

«  GSTPI (Glutathione-s-Transferase pi) (33% of population)

Detoxifies hydrophobic and electrophilic intermediates
Removes cytotoxic and carcinogenic agents from extracellular tissue
- Present in mucousal membranes and skin (bowel, lungs, bladder, sinuses, skin)

Associated with eczema, asthma, chronic sinusitis, IBS, cystitis

« GSTMI (Glutathione-s-Transferase mu 1) (9% of population)

Detoxifies hydrophobic and electrophilic intermediates
Removes cytotoxic and carcinogenic agents from intracellular spaces

- Associated with increased risk of various cancers and joint inflammation

-  GSTM3 (Glutathione-s-Transferase mu 3) (brain) (16% of population)

- Detoxifies hydrophobic and electrophilic intermediates
Removes cytotoxic and carcinogenic agents from brain and nervous system

Associated with increased risk of dementia, neuropathies, radiculopathies, etc.



Biochemistry Review

Detoxification
Phase 111



Phase III Detoxification Polymorphisms

e Detoxification of Reactive Molecules
Free Radicals (SOD2, SOD?3)
Peroxides (GPX3)

Sulfites (SUOX)



Phase 111 Detoxification
SODI1 (Cytoplasm), SOD 2 (Mitochondrial)

Superoxide Dismutase (SOD1, SOD2)

Hetero / Homo significance = Decreased activity
Converts Oxygen radicals into H202
Reduces free radical oxidative stress in respective areas

Correlated with increased risk of cancer, hearing loss, grey matter shrinkage and motor
neuron disease

Treatment: NRF2 activators (Tumeric, polyphenols, catechins, Pterostilbene
(resveratrol) , sulforaphane (broccoli), black pepper extract, quercetin



Phase III Detoxification - GPX3

Glutathione Peroxidase 3 (GPX3)

Homozygous significance = decreased activity

Catalyzes the reduction of hydrogen peroxides and hydroperoxides into
water and oxygen

Warning: Must be cautious with Ozone and IV Vit C therapy

Treatment: Glutathione



Phase III Detoxification - SUOX

> Sulfur Oxidase (SUOX)

Homozygous significance = decreased activity
Catalyzes proteins that contain sulfur (methionine and cysteine)

Converts sulfites (toxic) to sulfates (non-toxic)

» Treatment: Low Protein Diet



Oxygen Free Radicals

Membrane Transport
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SOD and GPX3
Oxygen Free Radicals
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Biochemistry Review

Vitamin and Minerals



Important Vitamin / Mineral SNPs

SLC30A8 (Solute Carrier Family — Zinc) (MAF .26)
« Responsible for Zinc efflux from cell
- Mutation allows for toxic build-up of intracellular Zinc concentration

o Treatment: Reduce Zinc intake

SLC23A1 (Solute Carrier Family — Vit C) (MAF: .035)

« Functions as Vit C transporter

« Treatment: High Dose Vit. C

SLC5A46 (Solute Carrier Family Biotin / Pantothenate) (MAF .47)

- Functions as transporter for pantothenate (B5) and Biotin (B7)
- Treatment: High dose Biotin and Pantothenic Acid



Solute Carrier Family

| Membrane Transport Proteins —I

Channels Transporters

lonWater Channels Solute Carriers (SLC) | Fumps (ABC)

Lipid Double

Membrane 4 f
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\J
| [ Channel Transport Carrier Transport |
Pump Transport
Simple Diffusion Facilitated Diffusion

Passive Transport Active Transport



Important Vitamin SNPs

« BCOMI (Beta Carotene Oxygenase 1) (MAF .16 and .22)

Two separate SNPS
Both SNPs = 69% reduction If one SNP = 32% reduction
Responsible for conversion of Beta Carotene to Retinol

Treatment: Retinol (Vit A)

-  VDR—-taq and DBP (Vit D Binding Protein) (MAF .20)

Responsible for Binding and Transporting Vit D

Most Vit D in blood is bound to DBP

Polymorphism reduces both binding capability and response to Vit D therapy
Treatment: High Dose Vit. D + K

- CoQ?2 (Ubiquinone Synthase) (MAF: .35)

Results in CoQ10 deficiency
Treatment: High Dose Ubiquinone and PQQ
Must Avoid Statin Usage if possible



BCOMI
Beta Carotene
Dioxygenase 1




Vitamin D Functions

Environmental pollutants:
Cigarette smoke, PM10, ultrafine particles,
oxidants, ozone, and aldehydes

Osteoporosis:

Bone mineralization
and intestinal Ca*
absorption

FOXOs (FOXO3A, FOX04),
SIRTs (SIRT1) and HDACs .

Environmental agents

Co-repressor:

NCOR2/SMRT
miRMAs: miR125b
miR182

Calcemic effects

Epigenetic regulation

N 7

Vitamin D
& VDR

Antimicrobial peptides:
Cathelicidins (camp)
Defensins (deff)

Antimicrobial

T-regulatory cells Steroid E'ffica'l:"f

and IL-10

Proliferation,
differentiation and

Muscle function Tissue remodeling

IGE-IIang N Immune modulation apoptosis:
FEﬂ“ aria and autoantibody TGF-B, MMPs, and
influx plasminogen

activators

Cells of immune system: Dendritic cells,
monocytes, T cells and B cells, NK cells
Autoantibody: Lymphoid follicles/aggregates




VDR (Vitamin D Receptor)
Immune Modulation
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Vitamin D Biochemistry
DBP (Vit D Binding Protein)

UV-B radiation =T <= if'-f'-.'"-.,ﬁ‘.l-;__—_ ==
1 7-dehydrocholesterol _
Ao l;j '\'l'-:g’ Ti_ ' Food sources
Lumisterol N T &S v
Toxisterols [ Pre-vitamin D, | : «

Tachysterol ~F ¥ Y
[ - Thermal isomerisation

| Vitamin Dy - Vitamin D,
\/:v

er ?
Ty, 30-40 days 25(0OH)D Bound to VODBP. albumin and
el ve e free
Immune and other cells Kidney
o o W _

1,25(0OH),D | 1,25(OH),D

l l

Systemic effects (calcium &
phosphorus homeostasis)

T, ~2 hours

Bound to VDBP

Local tissue effects



COQ2
Ubiquinol
Synthase

Statins I—}

Dolichol

Acetyl CoA

1

HMG CoA
Mevalonate

Farnesyl
pyrophospate

1

Squalene

l

Cholesterol

Must Avoid Statins
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C002

Coenzyme Q10




Biochemistry Review

Women’s Hormones



Important Hormone Related SNPs
Estrogen

CYPIBI (Cytochrome 1B1)

> Converts E1/E2 to 4-Hydroxyestrone (pro-carcinogenic)
> Homo = Up Regulation (higher production of 4-OHE1)

CYPIAI (Cytochrome 141)

> Converts E1/E2 to 2-Hydroxyestrone
> Homo = Reduced Function (lower production of 2-OHE1)

COMT (Catecholamine-O-Methyltransferase)
> Converts 4-OHE]1 (pro-carcinogenic) to 4-MeE1 (neutralized)
> Converts 2-OHEI to 2-methoxyE1 (protective)
> Homo = Reduced Function (lower production of 4-MeE1 and 2-MeE1)

GSTP1 (Glutathione-s-transferase Pil)

> Responsible for Phase 2 clearance of mercapturates (carcinogenic quinones)

» Homo = Poor clearance



Estrogen Metabolism

pctve Estrogen m 2-OH Estradiol | 4 2-Methoxy-Estradiol

Protective Anti-Proliferative
Estradiol A
2 CYP1A1 2-OH Estrone » 2-Methoxy-Estrone
E Protective CO MT Protective .
w ; Proliferative C OMT Active Estrogen %

4-OH Estrone 4-Methoxy Estrone DIM
:nmmruu.- (neutralized)

ESTROGENS Proliferative EFFECT



Important Hormone Related SNPs
Men and Women

FSHR (Follicular Stimulating Hormone Receptor)
= Homo = Reduced Sensitivity

= Higher risk of Premature Ovarian Failure and lower response rate to ovarian
stimulation

= Will probably need hormone supplementation

CYPI9AI (Cytochrome 19A41)

= Also known as Aromatase

= Converts Androstenedione and Testosterone to Estrone and Estradiol respectively
= Homo = Increased Function (higher levels of Estrone and Estradiol)

= Associated with increased risk of endometriosis and estrogen dominance

= Consider IC3 (indole 3 carbinol), Aromatase inhibitor or DIM (Di-Indoyl
Methane)
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Mineralocorticoids
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Important Hormone Related SNPs
Men and Women

> HSD3B2 (3-Beta-Hydroxysteroid Dehydrogenase Type II)

Utilized in conversion of all ketosteroid hormones
Hetero / Homo = Reduced Function

>

>

> Polymorphism causes deficiency in all ketosteroids

> Associated with increased risk of Gonadal and Adrenal insufficiency
>

Will need significant hormonal assistance

> SRDSA (Steroid 5 Alpha Reductase)

> Converts testosterone to Di-hydrotestosterone (DHT)
Hetero / Homo = Increased Function
Increased Risk of Androgenic Symptoms
Recommend measuring DHT levels

Consider DHT blockers (Beta Sitosterol(Saw Palmetto), Stinging Nettle,
Spironolactone)

YV VWV V V



Testosterone Metabolism

olesterol

Pregnenolone . ’ Progesterone
| (2178-HsD)

’Androstenedinne

S5a-DHT estosterone

‘@

Estradiol (Estrogen)

Can be neutered
by SHBG

Can be neutered
by SHBG



Food for Thought

“Be skeptical, ask questions, demand proof. Demand evidence.

Don’t take anything for granted. But here’s the thing; When

you get proof, you need to accept the proof. And we’re not
good at doing that.”

Michael Specter



-

.

1" e ™
e

X .
s

: aiyauE'W:-'-imih;fﬂH;h _#5 ;

L ”}r

HF




End of Day 1






BY DAN PURSER MD

CASE #8: HOMOZYGOUS C677T
MTHFR & OTHER GENETIC
ERRORS
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GENETIC SNPS OR ERRORS DISCUSSED

Homozygous C677T  FOLR2 MTHFD
MTHFR

MTRR A66G GAD1 SLCTOAT

MAO-B COMT v1i58mM COMT H62H

L5 SOD?2 FOXE1 I =



LESSON 1
INTRODUCTION



WHO AM [7?

DAN PURSER - an MD
Occasionally think I'm a Naturopath
Endocrinology Research

Currently in a Cosmetic Surgery
Group

Deal with complex wound issues and
get to the root causes

Practice is in Lindon Utah
World Educator and Speaker

Also an Author...




ALSO, | EDUCATE ALL
OVER THE WORLD

This selfie was taken in Tokyo near my hotel.

I'ver spoken to fans in over 50 countries and
every state (more than once).

Search online Dan Purser MD in (say) Borneo
(or Brisbane) and see what comes up.

This year my goal is to educate physicians.

I've partnered with WorldLink Medical, LLC
and some really big software companies to
accomplish this.

SO0 get ready.



FULL AMA (AMERICAN MEDICAL ASSOCIATION)
DISCLOSURE

I'm a 30 year member of the AMA and am my county’s rep for the Utah Medical Association
for 12 years.

| have also written books on the genetic medical errors.
All this Is my own medical opinion

Not selling any products.



END LESSON 1



LESSON 1:
A MEDICAL PARADIGM SHIFT



FIRST

NO MORE BANDAIDS

Like giving an
amphetamine for
Chronic Fatigue

Syndrome

What's the
actual cause of

I the fatigue?




THEN

iIng Root Cause Medicine

1IC

Start Pract




PLEASE TAKE THE TIME

TO DIVE OR DIG BE NOT THE SLAVE OF YOUR OWN PASI

DEEPER, TO REALLY PLUNGE INTO THE SUBLIME SEAS

QU E?V T|_I|$N THE DIVE DEEP AND SIM FAR
30 YoU SHALL COME BACK WITH S6LF-RESPECT
WITH NEW POWER

INITH AN ADVANCED EYPERIENCE
THAT HALL EXPLAIN AND OVERLAOK THE (1




LANDMARK 1998 STANFORD STUDY PUBLISHED IN JAMA

JAMA. 1998 May 20;279(19):1548-53.

https://jamanetwork.com/journals/jamal/fullarticle/187543
Why patients use alternative medicine: results of a national study.

Astin JAT.
- Author information

1Stanford Center for Research in Disease Prevention, Stanford University School of Medicine, Palo Alto, Calif 94304-1583, USA.
astin@scrdp.stanford.edu

Abstract
CONTEXT: Research both in the United States and abroad suggests that significant numbers of people are involved with various forms of 69 %
alternative medicine. However, the reasons for such use are, at present, poorly understood.

OBJECTIVE: To investigate possible predictors of alternative health care use. WAN T E D

METHODS: Three primary hypotheses were tested. People seek out these alternatives because (1) they are dissatisfied in some way with
onventional treatment: NE e gdlternative treatments as offering more personal autonomy and control over health care decisions; and

(3) the alternatives are seen as more mmeatible with the Eatients' values, worldview, or beliefs regarding the nature and meaning of health

and illness. Additional predictor variables explored included demographics and health status.

DESIGN: A written survey examining use of alternative health care, health status, values, and attitudes toward conventional medicine.
Multiple logistic regression analyses were used in an effort to identify predictors of alternative health care use.

SETTING AND PARTICIPANTS: A total of 1035 individuals randomly selected from a panel who had agreed to participate in mail surveys
and who live throughout the United States.

MAIN OUTCOME MEASURE: Use of alternative medicine within the previous year. O PTI O N S
RESULTS: The reaEcnse rate was 69%. The following variables emerged as predictors of alternative health care use: more education (odds 1 998

ratio [OR], 1.2, o confidence interval [CI], 1.1-1.3); poorer health status (OR, 1.3; 95% CI, 1.1-1.5); a holistic orientation to health (OR, 1.4;
95% CI, 1.1-1.9); having had a transformational experience that changed the person's worldview (OR, 1 .8; 95% CI, 1 .3-2.5); any of the
following health problems: anxiety (OR, 3.1; 95% CI, 1.6-6.0); back problems (OR, 2.3; 95% CI, 1 .7-3.2); chronic pain (OR, 2.0; 95% CI, 1.1
-3.9); urinarytract problems (OR, 2.2; 95% CI, 1.3-3.5); and classification in a cultural group identifiable by their commitment to
environmentalism, commitment to feminism, and interest in spirituality and personal growth psychology (OR, 2.0; 95% CI, 1.4-2.7).
Dissatisfaction with conventional medicine did not predict use of alternative medicine. Only 4.4% of those surveyed reported relying primarily
on alternative therapies.

CONCLUSION: Along with being more educated and reporting poorer health status, the majority of alternative medicine users appear to be
doing so not so much as a result of being dissatisfied with conventional medicine but largely because they find these health care alternatives
to be more congruent with their own values, beliefs, and philosophical orientations toward health and life.
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THERE ARE ALWAYS HATERS
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A Genetic Test You Don't Need

Charis Eng, MD, PhD

As a geneticist and researcher, | believe in the power of genetic
testing. By identifying genetic mutations, we can improve care and

P = - - (B N
oG L B I RTL E-1I

N A Y S ‘ \ Y E But just because we can test something doesnt always mean we - /
I 2 : ; should. .

Take the MTHFR gene, for example. MTHFH codes for an
enzyme that helps your body convert homocysteine into an amino

I N S U R A N C E acid that processes proigins. Feople with mutations or vanations

of MTHFHA may end up with h !
Q the eyes, joints and other parts of the body. High homocysteine levels also have been connected to heart
C O M P N I E S disease and strokes.

There iz a genetic test for MTHFR vanations. But there’s alzo a cheaper and
maore accurate way to test for whether MTHFH variations are causing disease. *Keeping an eye on which
We simply check the levels of homocysteing in the blood. If levels are high, we tests truly improve care
C L E V E L A N D C L I N I C can react appropriately. If homocysteine levels are normal — even if there is AnE wiRch GHNEE mEY
wasle meonay 1S mora

an MTHFH variation — then nothing needs to be done clinically. Ty m——

In other words, the homocysteine levels determing our actions, not the

https://health.clevelandclinic.org/2013/09/a- Words from an ignorant person

genetic-test-you-dont-need/ whose never seen a SpectraCell.
Simple test, s =B=a] 101

Mot only is the test for homocysteine levels simple, but so are the solutions.

Feople with high homocysteine levels typically respond well to

supplementation with vitamins such as B6, B12, and folate or folic acid.

The same is true of other disorders that might be related to AMTHFHA. For
example, mutations in MTHFR have been associated with some neural tube
defects in babies. But rather than having an unnecessary test for MTHFH

gene varations, pregnant women should simply take prenatal vitamins that

https://health.clevelandclinic.org/a-genetic-test-you-dont-need/ [BeiiElEREEE




CONFUSING: THE BIG BOYS SAY
, BUT THEN THEY SAY
IT°'S NOT. WHICH IS IT?

Maybe it's just the type of genetic medicine that they control or can
do — not what the average primary care can do...



What | am going to teach you is
about specific genetic errors that
have been passed down to you from
hundreds of generations ago when
the mutation first occurred — and
how these genetic errors affect your
body’s ability to function properly
physiologically.
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GENETIC ERRORS YOU CARRY AFFECT YOU

These are not mutations, what you carry are “transcription errors”.

You carry errors passed down from many generations ago (when they originally
occurred — this was the original MUTATION).

S0 these are copies of mutations from hundreds or thousands of years ago.
Your ancestors have all carried these too.
These were transcribed over and over until your parents gave them to you.

Now the world and our diet habits have changed — we live longer too. So we can suffer
more too. But our ancestors were tough — and we just don't know how much and how
they suffered every day.



END LESSON 2



LESSON 3:
TERMINOLOGY & DEFINITIONS



A rose by any other name would smell as sweet.”

— WILLIAM SHAKESPEARE, ROMEO AND JULIET



MTHFR

An acronym

Stands for “MethyleneTetraHydroFolate
Reductase (Enzyme Deficiency Disease)” so
should be MTHFREDD (but???!17?).

Technically NOT a mutation.

Technically A Replication Error.

Some viking 600-1,000 generations back had
the original mutation.

YOU just have the ERROR (lucky you).

On its surface just a deficiency of 5, 10-

methylenetetrahydrofolate reductase enzyme.
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THIS MAKES MORE MEDICAL SENSE

MTHFR ERRORS

OF HOMOCYSTEINE TO
GLUTATHIONE.

HIGH HOMOCYSTEINE
1S DIAGNOSTIC OF
MTHFR AND

viethionine
/,_f—"' ’\

s-adenosylmethionine

i

s-adenosylhomocysteine

Adenusined

o | Homocysteine H

Serine "'ﬁxi Cystathionine p-synthase

Cystathionine

A-ketobutyrate fi Cystathionase

Cysteine
Glutamine _ _
w v-glutamylcysteine ligase

v-glutamylcysteine

S q"“‘\i Glutathione synthetase

Glutathione




DHA

MTHFR Ei
- NN The genetic errors
g K / >-MTHF 5 10-Methylene THF we are discussion
Vethylation
React)ifans SAMe \86 dalre eaCh knOWH tO
BAMT .
MTases | zr 5,10-Methenyl THF specifically decrease
e 2 < the functionality of
\\ DTDHFR 10-Formyl THF Certaln enzymeS —
SAHH >~ Homocysteine e this decrease can be
MAT - Methionine adenosyltransferase :
Serine CB> \Dietary MTases—;AMe-dependen};:rweiihyltranaferaaes 1N the amOunt
ko Folate T senetomocgsane produced, or in the

Cystathionine

/N

Taurine Glutathione Sulfate

S-methyltransferase
CBS - Cystathionine [-synthase
DHFR - Dihydrofolate reductase
TS- thymidylate synthase

MTHFR - Methylenetetrahydrofolate reductase

MS - Methionine synthase

SAMe - S-adenosyl methionine

SAH - S-adenosyl-L-homocysteine

THF - Tetrahydrofolate

DHF - Dihydrofolate

5-MTHF - L-5-methyltetrahydrofolate

percentage of
functional versions of
the enzymes
created.




E BASIC LEVEL WE'RE DISCUSSING SYMPTOMATOLOGY

#1 SYMPTOM OF MTHFR?

FATIGUE



TIRED ALL THE TIME!

THUS THE POPULARITY OF FIVE HOUR ENERGY DRINKS



WHY YOU MIGHT BE TIRED...
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Homozygous C677T
7 0%

MOST CRITICAL
SLIDE IN THIS
COURSE!

1
Carbohydrate

"Oil from Ground"

Nucleus

B s [ R R

Human Cell

Only 9-10 ATP?

THEY

ARE

ALWAYS
BEHIND!!

—>

—> @YD

"Refined Unleaded
Gasoline"

Copyright Dan Purser MD 2016



Answer
HETEROZYGOUS

* Homozygous - Having
identical alleles for a trait.
_ 2) Carrying two copies of
Only one SNP (a”ele) S present the same allele. Compare to
heterozygous. (i.e. A
homozygous plant could
have the genotype RR or rr). .

(NOt as bad as two or Heterozygous - Having

different alleles for a trait.
HOMOZYGOUS errors) 2) Carrying two different .

alleles. Compare to

homozygous. (i.e. The
heterozygous plant has the

genotype Rr).

https://biodifferences.com/difference-between-homozygous-and-
heterozygous.htmi




https://www.frontiersin.org/articles/10.3389/fgene.2015.00179/full

Genotype and phenotype in homozygous
HOMOZYGOUS

Genotype 18 what 1s inside (eg. AA, Aa, aa)
Phenotype 1s what we see (eg. Blue eyes, brown hair) Means the genetic
error Is fully realized.

Talking about homozygous:
Two of the errors are

[f we cross one homozygous dominant with another homozygous

dominant, the result will always be the same, 100% of genotypic present, one from
ratio of having the same. And equal with the phenotype. And with each pare nt

the recessive ones always happens the same. Lets see the punnet

square to understand this:




Cor7/7T

On GENE 1. At 677 position the Cytosine has been
replaced with a Thymine.

Most common MTHFR error.

Having one error (HETEROZYGOUS) reduces
production by 30% of the 5,10-MTHFR
(MethyleneTatraHydraFolate) Reductase Enzyme.

Having one error means they have only 23 ATP per
carbohydrate vs usual 32 ATP. (ATP is unleaded
gas for humans.)

Causes a reduction in production of 5-
methyltetrahydrofolate (5-CH3-THF).

Error most associated with
HYPERHOMOCYSTINEMIA.

See the pathway to the right.

NTRR

* .,.--F*M:r\h'rumn#

ATy, || SAN
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j: "I.ll MTAe
5,10CH, THF ) | 7=+ YONA Mathylati
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51K
= Y5CHTHE |\
1"1 ! Adenosine
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RFCT [H
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BH4

MTHFR |
 A1298C |

]

Having one Is not supposed to

_ Neurotalkers
affe Ct m eth yI atl on — W RO N G ' BH4 Tryptﬂph!ﬂ Mﬁmﬂ;pﬁ Tym sine Communication
Cleans Toxic Waste Mood & Health
Protects Heart/Brain
Reduces BH4 tOO Makes Neurotalkers
Serotonin Dopamine Nor-epi

Causes neuro-transmitter
problems. *

v ¥
Causes . Associated with | MAOA [mmm— |COMT | _CE)MT

. . ) "Big Motharflipper”
schizophrenia when they can't o Dee. s hersl

'f-'lip: SAM's switch « methyl tag

Mops up Serotonin

" " Dsfact = Law BH4
turn their brains off due to TOO * g * *
MUCH NorEpinephrine. .. I Infortility o A& X a
Mad & Sad without Seratanin E"h'""’," ’ Delight & Dialogue w/Dopa No Happing w/Nor-epi
R SpreIsion Supports well-being & Maoae ion & F
Datect « Soratanin iwin . - & Attento GCuUE

"I’u;a'ri!il:r.l':;:n:.:iu:-n " Autism/ADD/ADHD Datect - Dapamine swings Defect « Fight ar flight
il o P e Blood clota/Strokes Volability/Aggrassion ADD/ADHD/lsarning disardars
_OCODepramonfhesity /| e D RTINS S
N —— ADD/ADHD jor Bipalar / '\ Haart racing/Palpitations
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Dopa « A1298C | J el ‘ l Cannot break these neurotransmitters down
o - if carries or Homozygous.
| DHPR SMTHF Homocysteine ¥
v e e et ) ADA These people tend to have very high levels
Dopamine ’\ @ | CBS ‘ | of neurotransmitters.
€ | o+ | ] e \ GM |
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MTRR ERRORS

Key in the methylation cycle.

These are necessary to regenerate
Methyl-B12 for use by MTR.

Mutation can cause shortage,
suggesting a need for more B12.

Treat with ADDITIONAL
Methylcobalamin 1000-5000 mcg.

This also multiplies the severity of
MTHFR errors.

Ingestion GGH Absorption GGH Transport in circulation

food (mono/polyglutamate se————)  lONOQlutaMates m——  MONOQlutamates
derivatives of /,8-dihydrofolate) (9-methyITHF, formylTHF, DHF, folic acid) FPGS J-methylTHF)

supplements (folic acid) SLC19A1  FOLR tollc acid
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— DHF  FTHES Storage in
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— Especially it HOMOZYGOUS can cause you
¥ Detoxifcation to use up your reduced glutathione (GSH)
o too quickly and so will always be low.

f\ Lack of glutathione increases toxin and metal
loads.
TS E || o o .
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MAO-A R297R

Also called the \Warrior Gene because of
potential for increased agitation.

ARMMONLA

Slows breakdown of Serotonin.

T
o

Citruling + NO %

Serctonin - Dopamine Can lead to high levels of

MAD A 4\. s neurotransmitters.
Mo

The healthy enzyme requires B2
(Riboflavin) in sufficient levels to function
ge | Peraemitite 1 (so use in treatment).

0 BH

jal | SuperCride . Associated with mood swings, aggressive
o behavior, depression, anxiety, OCD.

Treat with progesterone.




MAO-A R297R

Intolerance of methylfolate (which increases
neurotransmitters that can't be broken down by
MAOQ A, causing feelings of overstimulation).

Treat with Riboflavin, compounded natural
progesterone.

Try lithium orotate 5-10 mg a day.
Try Rauwolfia Serpentina 60 mg QID too.

A great website/blog regarding this topic:
https://selfhacked.com/2014/12/07/about-mao-
a-and-what-to-do-if-you-have-the-warrior-gene/

MAO Enzyme

s MAO exists in tow forms coded by separate genes
MAO-A: has substrate preference for 5-HT and Is

the main target for antidepressant MAOIs

VMAO-B: has substrate pereference for

phenylethylamine

2 Both enzymes act on NA and dopamine

n Mutation In the MAO-A gene causes Increased brain

dCCUI!

menta

ulation of 5-HT and NA in the brain leading to
retardation and aggressive behaviour



Tryplophan Tyrosine

VDR Taq (or Tak)

BH4

AL LI
VDR Fok is involved with blood sugar I K_
regulation.

VDR mutations oppose COMT
mutations in the regulation of dopamine
levels.

A VDR mutation means that a person is aerotonin
less sensitive to methyl group
supplement levels (mood swings).

Supplement with D3. Watch serum
levels.




BHMT-02, BHMT-04,
BHMT-08

BHMT genes are central to helping to
converting homocysteine to methionine.

The activity of this gene can be affected by
STRESS, by CORTISOL levels.

Dr. Amy Yasko believes that BHMT-02 and
BHMT-04 play a role in the gut environment.

Yasko also believes that BHMT-08 is related to
the iImpact that psychological stress has on a
patient's attention levels.

Homocysteine



END LESSON 3



LESSON 4
GX SCIENCE CASE #38



SIGNS & SYMPTOMS - 52 Y/O MALE

Fatigue.
Unexplained low testosterone.
Confusion, insomnia, BAD anxiety, life long weight problem.
Depression.
Problem with alcoholism and addictions — now controlled.
Worried about sons with similar problems.

Takes no supplements.



6/12/2017 LABORATORY REPORT

o
1600541713 . (801) 796-7667 | LABORATORY REP ;
Aesthetica Preventive Med
MoustaisSrax
383 West 600 North HEE!;’,‘M g A
Lindon UT 84042
MSCL
1140 East 3900 South, Salt Lake City UT 84124
Patent Name Sex Age
M 50
Patent Birth Date Patient SSN Patient Phone Number Physician
7/19/1966 (801) 362-9230 AESTHETICA PREVENTIVE ME
Accession No Chent Accession Number Collection Date & Time Report Date & Time REPORT STATUS
H8521425 6/8/2017 9:45 AM 6/10/2017 4:36 AM | FINAL
TEST IN RANGE OUT OF RANGE REFERENCE RANGE UNITS SITE CODE

Lipid Profile (CONTINUED)

Two Times AVG Risk 1.1 9‘6
Four Times AVG Risk 11.0 24 .
Insulin-Like Growth Factor 1 148. L’U W éﬂ] '5‘(9 1-237 ng/mL 01 f
Testos, T r ult Male
Free Testosterone (Adult Male) 9.0 ) .3-30.4 pg/mL 01
Testosterone, Total 36] VA4 Lay %CD -l 193-740 ng/dL 01
<‘> Il
| NOTE: Ly A

'01' refers to site: PAML
110 W Cliff Ave 36 1 n / d I
Spokane WA 99204

'MH' refers to site: St Mark's Hospital i‘
1200 East 3900 South
Salt Lake City UT 84124

>> END REPORT << l
I|
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NATURAL AND MODERN

Gene Comprehensive Nutrigenomic Report

Accession Number:

Report Generated: January 24, 2019
Specimen Received: January 22, 2019
Created For:

DOB: 07/19/1966

Male

Do not make any decisions about your health solely based on the information contained in this report.
Always consult with a licensed and experienced health practitioner when you receive this report.

1 January 24, 2019




METHYLATION

rs2071010 | FOLR1 -/-
wA ¢
rs651933 | FOLR2 +H+ 'P>
VA
rs1643649 | DHFR +/- o |
Physician Designed MTHFR Consider Checking For
1076991 | MTHFD1 ; Support™ High Plasma Folate
rs +i+
MTHFR
rs1801133 CB7TT +i+
MTHFR
rs1801131 A1298C -/-
MTRR
rs1802059 AGBAA +/-
A
MTRR wo v
51801394 | '\ o~ +H+ 19:
i Physician Designed MTHFR Consider Checking Plasma
rsb26934 TCN1 / ‘ Methyl B12, Adenosyl B12 Support Plus™ 219 Lavel
rs1801198 | TCN2 +/-
rs558660 GIF -/-




HOMOZYGOUS Co677T

PubMed lists over 3,000 studies linking rs1801133 to a long list of
disorders in various populations across the world, of which only some
are mentioned above. Considering the central role of MTHFR in folate
metabolism and in control of homocysteine levels this is not surprising.

A nice summary of the pathological significance of elevated
homocysteine levels could be found in this article. However, despite the
evidence that folic acid and other vitamins can reduce homocysteine
levels, a review of 8 clinical trials concluded that the supplements

provided no benefit in terms of decreasing blood clots, heart disease,
cancer or overall mortality.[PMID 21069462]
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YOUR MTHFR STATUS:
HOW MUCH MERCUR*I DETUXIFIED VS. STORED?

NO MTHFR MUTATI[INSK
, y,

7 F/ : . .
CH7TT 1 MUTATION /’

)

CE77T. 2 MUTATIONS

—
.

. e - ! .

e T i

i
- g B,
-, iy
-

A1298C: 1 MUTATION

A1298C: 2 MUTATIONS

Co77T + A1298C.
1 MUTATION EACH
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HOMOZYGOUS C677T MTHFR

Most severe form of MTHFR
70-80% decline in Methylation
Worse symptoms of fatigue, depression, and anxiety.
Cellular malnourishment then causes low testosterone in men and women.
Associated with high homocysteine levels (CAD Strokes).
Usually associated with weight issues (obesity).

These people eventually just become TIRED.



Neuroendocrinology Letters Volume 33 No 5 2012

The relationship between the C677T polymorphism
of the MTHFR gene and serum levels of luteinizin

hormone in males with erectile dysfunction
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In summary:. C677T errors
are associated with low LH
and LOW TESOSTERONE

(In both sexes actually.
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Abstract OBJECTIVES: The methylenetetrahydrofolate reductase (MTHFR) enzyme
activity plays an important role in the metabolism of folate within methionine
homocysteine pathway and, consequently, in the development of vascular diseases.
The Co77T polymorphism (rs1801133) of the MTHFR gene affects the MTHFR
activity, modifies the homocysteine plasma concentration and, among others,
increases the risks for idiopathic male infertility, including erectile dysfunction
(ED). As this sexual dysfunction is related to sex hormone levels, we investigated a
possible relationship between the C677T polymorphism of the MTHFR gene and
plasma concentrations of follicle-stimulating hormone (FSH) as well as lutein
izing hormone (LH) in male patients with ED.

METHODS: We conducted our study on 90 healthy men with ED between the age
of 32 and 61 (mean age was 51.1 £ 11.5) years. The subjects were genotyped and
their FSH and LH plasma levels were analysed.

RESULTS: The analysis results of ED patients and their genotypes of the MTHFR

gene did not provide evidence supporting any causal association of T allele in

d LTy T VvNIEDILEAQ

CT and TT genotypes with studied clinical parameters. However, we found that
patients with the CC genotype had significantly higher plasma levels of LH than
patients with the CT and/or T'T genotypes.

: Our observalions suggest that the C677T polymorphism of
MTHFR gene has no direct relationship to erectile dysfunction, but does exhibit
a relationship between this rs1801133 polymorphism and plasma LH concentra-
tions.

https://www.ncbi.nlm.nih.gov/pubmed/23090267




Aliases tor FOLR2 Gene

{‘}FDE’[E Receptor Beta 2 3 3 ° BETA-HFR 2
: Folate Receptor, Fetal/Placental © * FBP/PL-1 3
{Q}Pmcental Folate-Binding Protein ° * FR-BETA °
Folate Receptor 2 (Fetal) # ° FR-Beta
FBP ° ¢ FR-P3 *

Folate-Binding Protein, Fetal/Placental °

Folate Receptor 2 4

HGNC: 3793 Entrez Gene: 2350 Ensembl; ENSG00000165457 OMIM: 136425 UniProtKB: P14207

GC11U990040, GC11P073467, GC11P072150, GC11P071654, GC11P071605, GC11P071927, GC11P068220

Search aliases for FOLR2 gene in PubMed and other databases




©'PLOS | on

L.l'l'..l".-n-': "-'I.d.rk

E OFPEMN ACCESS

Citation: Gong M, Dong W, He T, Shi Z, Huang G,

Ren R, et al, (2015) MTHFR 6770 =T Polymorphism

Infertility Risk: A Meta-Analysis
5, PLoS ONE 1003): 0121147,
doi:10.137jourmal pone. 0121147

Academic Editor: ¥ Steven Ward, John A, Bums

School of Medicine, UNITED STATES
Received: July 12, 2014

Accepted: February 10, 2015
Published: March 20, 2013

Copyright; © 2015 Gong &t al. This is an open
-1"|I|J|= distributed under the terms of the

p, wihich

urresinélad use, disinbuban, and erlrr'-'j Chon In any
medium, provided the onginal author and source are

credited.

Data Availability Statement: Al relevant dala are
within the paper and iis Supporting Informa

Funding: |he authors have no suppor rﬂl
report.

nﬁ‘
>

RESEARCH ARTICLE

MTHFR 677C>T Polymorphism Increases the

Male Infertilit Risk: A Metu-Anulsis
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Abstract

Background and Objectives

Methylenetetrahydrofolate reductase (MTHFR) polymorphism may be a nsk factor for male
infertility. However, the epidemiologic studies showed inconsistent results regarding
MTHFR polymorphism and the risk of male infertility. Therefore, we performed a meta-anal-

ysis of published case-control studies to re-examine the controversy.

Methods

Electronic searches of PubMed, EMBASE, Google Scholar and China National Knowledge
Infrastructure (CNKI) were conducted to select eligible literatures for this meta-analysis (up-
dated to June 18, 2014). According to our inclusion criteria and the Newcastle-Ottawa
Scale (NOS), only high quality studies that observed the association between MTHFR poly-
marphism and male infertility risk were included. Crude odds ratio (OR) with 5% confi-
dence interval (Cl) was used to assess the strength of association between the MTHFR

polymorphism and male infertility risk.

Results

MTHER 6770 =T paol
t:u_-thfupd effects (CT+TT vs. CC: OR = 1.34, 95% Cl: 1.23-1.46) and random effects mod-
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FOLR2 folate receptor beta [ Homo sapiens (human) ]

Gene ID: 2350, updated on 23-Nov-2018

" Summary FOLR2

Official Symbol FOLR2 HGNC
Official Full Name folate receptor beta HGNC

Primary source HGNC:HGNC:3793
See related Ensembl:ENSG00000165457 MIM:136425; Vega:OTTHUMGO00000150394
Gene type protein coding
RefSeq status REVIEWED
Organism Homo sapiens
Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini;
Hominidae; Homo
Also known as FBP; FR-P3; FR-BETA; BETA-HFR; FBP/PL-1
Summary The protein encoded by this gene is a member of the folate receptor (FOLR
family, and these genes exist in a cluster on chromosome 11. Members of this

gene familz have a high aﬁinitz for folic acid and for several reduced folic acid

derivatives, and they mediate delivery of 5-methyltetrahydrofolate to the
interior of cells. This protein has a 68% and 79% sequence homology with the

FOLR1 and FOLRS3 proteins, respectively. Although this protein was originally
thought to be specific to placenta, it can also exist in other tissues, and it may
play a role in the transport of methotrexate in synovial macrophages in
rheumatoid arthritis patients. Multiple transcript variants that encode the same
protein have been found for this gene. [provided by RefSeq, Jul 2008]
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Summaries tor FOLR2 Gene ®

¢
The protein encoded by this gene is a member of the folate receptor (FOLR) family, and these genes exist in a cluster on chromosome 11. Members of this gene family have a high affinity
for folic acid and for several reduced folic acid derivatives, and they mediate delivery of 5-methyltetrahydrofolate to the interior of cells. This protein has a 68% and 79% sequence homology

with the FOLR1 and FOLR3 proteins, respectively. Although this protein was originally thought to be specific to placenta, it can also exist in other tissues, and it may play a role in the

transport of methotrexate in synovial macrophages in rheumatoid arthritis patients. Multiple transcript variants that encode the same protein have been found for this gene. [provided by
RefSeq, Jul 2008]

FOLR2 (Folate Receptor Beta) is a Protein Coding gene. Diseases associated with FOLR2 include Neural Tube Defects and Rheumatoid Arthritis. Among its related pathways are

Metabolism and Metabolism of proteins. Gene Ontology (GO) annotations related to this gene include folic acid binding and folic acid transmembrane transporter activity. An important
paralog of this gene is FOLRS.

FOLR2_HUMAN,P14207

Binds to folate and reduced folic acid derivatives and mediates delivery of 5-methyltetrahydrofolate and folate analogs into the interior of cells. Has high affinity for folate and folic acid
analogs at neutral pH. Exposure to slightly acidic pH after receptor endocytosis triggers a conformation change that strongly reduces its affinity for folates and mediates their release.




GeneCards Summary for FOLR2 Gene. FOLR2 (FolateVReceptor Beta) Is a Protein
Coding gene. Diseases associated with FOLR2 include Neural Tube Defects and
Rheumatoid Arthritis.{‘v}

FOLR2 Gene - GeneCards | FOLR2 Protein | FOLR2 Antibody
https://www.genecards.org/cgi-bin/carddisp.pl?gene=FOLR2&keywords=POR




MTHFD1

¢
This gene encodes a protein that possesses three distinct enzymatic activities, 5,10-methylenetetrahydrofolate dehydrogenase, 5,10-methenyltetrahydrofolate cyclohydrolase and 10-
formyltetrahydrofolate synthetase. Each of these activities catalyzes one of three sequential reactions in the interconversion of 1-carbon derivatives of tetrahydrofolate, which are substrates

for methionine, thymidylate, and de novo purine syniheses. The trifunctional enzymatic activities are conferred by two major domains, an aminoterminal portion containing the
dehydrogenase and cyclohydrolase activities and a larger synthetase domain. [provided by RefSeq, Jul 2008]

MTHFD1 (Methylenetetrahydrofolate Dehydrogenase, Cyclohydrolase And Formyltetrahydrofolate Synthetase 1) is a Protein Coding gene. Diseases associated with MTHFD1 include
Neural Tube Defects, Folate-Sensitive and Combined Immunodeficiency And Megaloblastic Anemia With Or Without Hypernomocysteinemia. Among its related pathways are histidine
degradation and Metabolism. Gene Ontology (GO) annotations related to this gene include formate-tetrahydrofolate ligase activity and methylenetetrahydrofolate dehydrogenase (NADP+)
activity. An important paralog of this gene is MTHFD1L.
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rs1076991

[PMID 191300903] rs1076991 C > T exerts a significant effect on
promoter activity in vitro and along with rs2236225 G > A influences

embryonic development.

[PMID 190645783] No association of single nucleotide
polymorphisms in one-carbon metabolism genes with prostate
cancer risk.

[PMID 198087873 Genetics of human neural tube defects.

[PMID 239405293] Roles of genetic polymorphisms in the folate
pathway In childhood acute lymphoblastic leukemia evaluated by
bayesian relevance and effect size analysis
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5-Methyltetrahydrofolate-Homocysteine Methyltransferase Reductase | me which
Interacts with methionine synthase, to ensure the continued production of the essential amino acid Not sure what to eat?

methionine, and is encoded for by the MTRR gene -.

Get a custom nutrition plan.

Methionine is an essential amino acid and is required for numerous processes throughout the body. A
major source of methionine is the enzyme methionine synthase which converts homocysteine into
methionine, using 5-methlytetrahydrofolate (MTHF) produced by methylenetetrahydrofolate reductase
(MTHFR) as a methyl donor =.

The activity of methionine synthase requires vitamin B12 as a co-factor, however over time this

becomes inactivated. MTRR breaks the association between methionine synthase and inactive vitamin B12, allowing a new functional vitamin

B12 molecule to bind, ensurin continuin roduction of methionine =.

So the job of MTRR is to remove the used up B12 from the
METHIONINE SYNTHASE and replace with a fresh B12.



MTRR A66G

IS carried by about half the population. It seems that combinations of MTRR polymorphisms with MTHFR or other
methylation cycle issues may be more of a concern than just carrying the single MTRR variant.

e A 2011 study showed an increased risk for colorectal cancer (OR = 1.39) for those with rs1801394 GG.

[ ref]

e A 2014 study showed an increased risk for metabolic syndrome for those with the A66G polymorphisms
and MTHFR C677T. [ref]

e A 2014 meta-analysis showed an increased risk for congenital heart disease associated with A66G

polymorphism. [ref]




CONSIDERATIONS & THERAPY

Treat with MTHFR Support and possibly MTHFR base support product—
we did and he loved the way he felt (ended up on 4/day total.

This is one SNP that women, if pregnant, should absolutely receive a
MTHFR prenatal (there are a few available).
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(TMG), Dimethylglycine (DMG),
Inositol, L-Methionine

rsb323 MAO-A +/NA
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Monoamine oxidase A, also known as MAO-A, is an enzyme that

In humans Is encoded by the MAOA gene. This gene is one of
two neighboring gene family members that encode mitochondrial
enzymes which catalvze the oxidative deamination of amines,
such as dopamine, norepinephrine, and serotonin.

Monoamine oxidase A - WikKipedia
https://en.wikipedia.org/wiki/Monoamine oxidase A




Monoamine Oxidase A

MAOA is an X-linked gene encoding MAOA, a mitochondrial enzyme that metabolizes
monoamine neurotransmitters including NE, DA and serotonin.

From: Emery and Rimoin's Principles and Practice of Medical Genetics, 2013



MAO-B

Monoamine oxidase A aene (MAOA
oredicts behavioral aggression followinc

provocation

Rose McDermott, Dustin Tingley, Jonathan Cowden, Giovanni Frazzetto, and
Dominic D. P. Johnson

PNAS February 17, 2009 106 (7) 2118-2123; https://doi.org/10.1073/pnas.0808376106



MAO-A

Dopamine problems are implicated in ADHD, Alzheimer's, Parkinson's, depression,
bipolar disorders, binge eating, addiction, gambling, and schizophrenia. Having too
much dopamine in the wrong place can make you psychotic. ... Therefore high

amounts of dopamine can cause euphoria, aggression and intense sexual feelings.
May 13, 2011

Dopamine Primer | Psychology Today

https://www.psychologytoday.com/us/blog/evolutionary-psychiatry/.../dopamine-primer




MAO-A

Dopamine and addiction

Cocaine and amphetamines inhibit the re-uptake of dopamine. Cocaine is a dopamine
transporter blocker that competitively inhibits dopamine uptake to increase the presence

of dopamine.

Amphetamine increases the concentration of dopamine in the synaptic gap, but by a

different mechanism. Amghetamines are similar in structure to dagamine, and so can

enter the presynaptic neuron via its dopamine transporters. By entering, amphetamines

force dopamine molecules out of their storage vesicles. By increasing presence of
dopamine both these lead to increased pleasurable feelings and addiction.
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Dopamine levels and psychosis

Abnormally high dopaminergic transmission has been linked to psychosis and
schizophrenia. Both the typical and the atypical antipsychotics work largely by inhibiting

doamine at the receptor level.



MAO-A

https://bebrainfit.com
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Symptoms of Too Much Serotonin: Mild to Serious

A high level of serotonin leads to excessive nerve cell activity which can cause a wide range of

symptoms, from mild to severe. (1)

According to Datis Kharrazian, PhD, DHSc, author of Why Isn’t My Brain
Working?, mild symptoms of too much serotonin include:

e shyness

o feeling “not good enough”

o desiring, yet fearing, social interactions
e nervousness

being easily upset by criticism

lack of motivation (2)




MAO-A
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https://bebrainfit.com

More serious symptoms of too much serotonin include: (3, 4)

feeling agitated or restless

mental confusion or disorientation
headache

dizziness

increased heart rate or blood pressure
dilated pupils

goose bumps, sweating, or shivering
diarrhea, nausea, or vomiting

tremors or twitchy muscles

When serotonin levels get dangerouslz highz 1t 1s referred to as serotonin syndrome or serotonin
toxicitz.

It can be quite serious, even life-threatening.
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GAD1 glutamate decarboxylase 1 | Homo sapiens (human) }

Gene ID: 2571, updated on 22-Nov-2018

~ Summary

Official Symbol
Official Full Name

Primary source
See related
Gene type
RefSeq status
Organism
Lineage

Also known as
Summary

GAD1 HGNC
glutamate decarboxylase 1 HGNC

HGNC:HGNC:4092

Ensembl:ENSG00000128683 MIM:605363; Vega:OTTHUMG00000044175
protein coding

REVIEWED

Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini;
Hominidae; Homo

GAD; SCP; CPSQ1

This gene encodes one of several forms of glutamic acid decarbalease,
identified as a mainr autc}antigen N insulin—degendent diabetes. [he enzvme

encoded is responsible for catalyzing the production of gamma-aminobutyric
acid from L-alutamic acid. A pathogenic role for this enzyme has been

identified in the human pancreas since it has been identified as an
autoantigen and an autoreactive T cell target in insulin-dependent diabetes.
This gene may also play a role in the stiff man syndrome. Deficiency in this
enzyme has been shown to lead to pyridoxine dependency with seizures.
Alternative splicing of this gene results in two products, the predominant 67-
kKD form and a less-frequent 25-kD form. [provided by RefSeq, Jul 2008]




GAD1

Whilst GABA molecules are inhibitory neurotransmitters, glutamate is an
excitatory neurotransmitter, so the balance of GABA to glutamate is thought
to be key In regulating sleep .

GAD1 is only expressed in the brain as GABA molecules cannot pass the
blood-brain barrier (they cannot leave the brain). However, the amino acid
glutamate, which is converted by GAD1 into GABA molecules, can pass the
blood-brain barrier. For this reason, supplementation with GABA is not
recommended as It will not reach the brain where 1t is required, and simply be
passed out the body .

There are two SNPs within GAD1 that are associated with poor outcomes,
although a mechanism for either has not been described. The ‘C’ allele of

G638+315C and the ‘A’ allele of C170814316A are both associated with
depression, early awakenings and fatigue.


https://www.mygenefood.com/genes/gad1/#references
https://www.mygenefood.com/genes/gad1/#references

Trapping Channel Block of NMDA-Activated Responses By

Amantadine and Memantine

THOMAS A. BLANPIED,' FAYE A. BOECKMAN,” ELIAS AIZENMAN,” AND JON W. JOHNSON'
'Department of Neuwroscience, University of Pittsburgh, 15260 and ~Depariment of Neurobiology, University of
Pittsburgh School of Medicine, Pittsburgh, Pennsyivania 15261

Blanpied, Thomas A., Faye Boeckman, Elias Alzenman, and
Jon W. Johnson. Trapping channel block of NMDA-activated
responses by amantadine and memantine. J. Newrophysiol 77:

309-323, 1997, We investigated the mechanisms by which the
antiparkinsonian and neuroprotective agents amantadine and mem-
anting inhibit responses to N-methyl-p-aspartic acid (NMDA).

Whole cell recordings were performed using cultured rat cortical
neurons or Chinese hamster ovary (CHO) cells expressing NMDA
receptors. Both amantadine and memantine blocked NMDA-acti-
vated channels by binding to a site at which they could be trapped

atter channel closure and agonist unbinding. For neuronal recep-
tors, the 1C4s of amantadine and memantine at —67 mV were 39
and 1.4 uM, respectively. When memantine and agonists were

washed off after steady-state block, one-sixth of the blocked chan-
nels released rather than trapped the blocker; memantine exhibited
“partial trapping.”” Thus memantine appears to have a lesser ten-
dency to be trapped than do phencyclidine or (5E,108)-( +)-5-
methyl-10,11-dihydro-5H-dibenzo[1,d]cvclihepten-5, 10-imine
(MK-801). We next investigated mechanisms that might underlie
partial trapping. Memantine blocked and could be trapped by re-

combinant NMDA receptors composed of NR1 and either NR2A

oy B IER TRLY —snllemaes @b [ I D —— e T | e - B

synaptic transmission and plasticity. However, PCP and ket-
amine. which also block this channel { MacDonald et al.
1991), have severe and deleterious behavioral effects in hu-
mans ( Krystal et al. 1994; Luby et al. 1959), probably due
to their interaction with the NMDA receptor (Javitt and
Zukin 1991). Finally, memantine as well blocks the NMDA-
activated channel ( Bormann 1989; Chen et al. 1992), but 1s
currently used in the treatment of Parkinson’s disease ( Fi-
scher et al. 1977), dementia (Datzler 1991), and several
movement-related disorders (e.g., Weller and Komhuber
1991). Dunng therapeutic_use. the memanting concentra-
tions found in cerebrospinal fluid suggest that its primary
site of action 1s the NMDA receptor ( Kornhuber and Quack
1995), and vet 1t appears to induce fewer and less profound
cffects on perception or consciousness ( Ditzler 1991 ) than
PCP or ketamine. The reasons for the surpnsingly diverse
behavioral effects of blockers of the NMDA-activated chan-
nel are not known. It 1s plausible that this vanation anses
in part from a diversity of mechanisms by which the channel

2 - - n
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Amantadine and the glutamate hvpothesis ot
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CONSIDERATIONS & THERAPY

COMT Hetero: Adenosyl Hydroxy B12 — he will probably love this. Star

with liquid drops. Increase, if he desires, to capsules. Watch for
overmethylation.

COMT: Chelated Magnesium 250mg as a cofactor once or twice a day.

COMT: Give Lithium Orotate 5mg once or twice a day to slow down
dopamine and epinephrine.

GAD1: Give Amantadine 100mg/day then twice a day to reduce pain
sensitivity, bring calmness and block glutamine from the MDNA
receptor. Note: 100mg or 200mg/day may be optimal.
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SLLC19A1

From Wikipedia, the free encyclopedia

Solute carrier family 19 (folate transporter), member 1, also known as SLC19A1 or RFC1, is a protein which in humans is encoded by
the SLC19A1 gene.l%!

Contents [hide]

1 Function

2 Clinical significance
3 See also

4 References

5 Further reading

Function [edit?

Transport of folate compounds into mammalian cells can occur via receptor-mediated (see folate receptor 1) or carrier-mediated

mechanisms. A functional coordination between these 2 mechanisms has been proposed to be the method of folate uptake in certain cell
types. Methotrexate (MTX) is an antifolate chemotherapeutic agent that is actively transported by the carrier-mediated uptake system.

RFC1 plays a role in maintaining intracellular concentrations of folate.[®!

Clinical significance |edit]

Individuals carrying a specific polymorphism of SLC19A1 (c.80GG) have lower levels of folate.!”] Other studies have also shown that
individuals carrying the c.80AA polymorphism who are treated with methotrexate have higher levels of this anti-folate chemotherapeutic

agent. Personalized dosing of the drug depending on the patient's genotype may therefore be required.
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Summaries for SLC19A1 Gene

Entrez Gene Summary for SLC19A1 Gene (4

The membrane protein encoded by this gene is a transporter of folate and is involved in the regulation of intracellular concentrations of folate. Three transcript variants encoding different
isoforms have been found for this gene.[provided by RefSeq, Mar 2011]

GeneCards Summary for SLC19A1 Gene

SLC19A1 (Solute Carrier Family 19 Member
Selection. Among its related pathways are M

1) is a Protein Coding gene. Diseases associated with SLC19A1 include Placental Choriocarcinoma and Methotrexate Toxicity Or Dose

etabolism and Folate Metabolism. Gene Ontology (GO) annotations related to this gene include oxidoreauctase activity and folic acid

transmembrane transporter activity. An important paralog of this gene is SLC19A3.

UniProtKB/Swiss-Prot for SLC19A1 Gene S19A1_H

UMAN,P41440

Transporter for the intake of folate. Uptake ol

' folate in human placental choriocarcinoma cells occurs by a novel mechanism called potocytosis which functionally couples three components,

namely the folate receptor, the folate transporter, and a V-type H(+)-pump.

Giene Wiki entry for SLC19A1 Gene (4

PharmGKB "VIP" Summary for SLG19A1 Gene (4

Additional gene information for SLC19A1 Gene
HGNC(10937) Entrez Gene(6573) Ensembl(ENSG00000173638) OMIM(600424) UniProtKB(P41440)

Monarch Initiative
Search for SLC19A1 at DataMed
Search for SLC19A1 at HumanCyc

No data available for CIViC summary , Tocris Summary , fRNAdb sequence ontologies and piRNA Summary for SLC19A1 Gene



CONSIDERATIONS & THERAPY

SLC19A1: Give extra folate or folinic acid (may work
better).

NDUFS7/COX5A: Try some CoQ10 (ubiquinol) 100-
200mg/day. BioPQQ 20mg per day too.
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GSTM1, GSTM3, GSTP, when present, all decrease the body’s ability to
reduce glutathione. Use a patented, validated, absorbable, reduced
glutathione daily with this patient.



rs4880

SOD2

The rs4880(T) allele, part of the codon for amino acid valine at codon 16 of the antioxidant protein from the

mitochrondrial superoxide dismutase 2 SOD2 gene, is the most common in most populations studied. The

rs4880(C) allele gives rise to an alanine at this position is it also known as Val16Ala manganese superoxide
dismutase, or A16V.

There appears to be some conflict in the literature over the effect of this SNP. Having a valine at codon 16 is said
to reduce enzyme activity [PMID 15864132],_and thus lead to increased oxidative stress, yet in at least one study
of the actual enzyme levels measured in people, SOD2 activity was 33% higher in (C;T) or (T;T) individuals
compared to (C;C) individuals [PMID 16538174]. Regardless of how this resolves, several phenotypic

associations have been reported for this SNP, including:

e A 10 fold higher risk for heart disease in hereditary hemochromatosis patients with rs4880(T;T) genotypes
compared to similar patients with rs4880(C;T) or rs4880(C;C) genotypes. [PMID 155912823)]

® An increased risk of malignant pleural mesothelioma (MPM) was found in individuals with rs4880(C;C) (OR =
3.07, Cl: 1.55-6.05) genotypes. Odds ratios for developing mesothelioma were even higher for patients
lacking obvious exposure to asbestos fibers. [PMID 17290392]

® Among prostate cancer patients with a rs4880(T; enotype, but not the (C;C) genotype, higher iron intake
level was associated with a 2.3-fold increase in risk for aggressive forms of the cancer (OR=2.3, Cl: 1.0-4.9).
[PMID 182966813]

e rs4880(C;T) prostate cancer patients being treated by radiation therapy are more likely (8% compared to 0%,
p=0.02) to exhibit a significant increase in grade 2 late rectal bleeding after irradiation than (C;C) or (T;T)
patients, based on a study of 135 patients. The odds for this are worse if the patient also has the
rs861539(C;T) genotype (14% vs 1%, p=0.002).[PMID 18582155]

e A study of non-Hispanic Caucasians with various types of brain tumors concluded that there was an
increased risk of acoustic neuroma (odds ratio 2.0, Cl: 1.1-2.7) associated with the alanine-encoding
rs4880(C) allele.[PMID 186825803]

e rs4880(C) carriers with breast cancer and being treated with cyclophosphamide had worse survival rates (i.e.
didn't benefit as much), based on a 2009 study of 248 US and 340 Norwegian patients.[PMID 195091503)]
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About Superoxide Dismutase 2 (SOD2)

Superoxide dismutases are enzymes that transform the superoxide (O2-)
radical into either ordinary oxygen (0O2) or hydrogen peroxide (H202).

Superoxide is produced as a by-product of oxygen metabolism and, if not
regulated, causes many types of cell damage. Hydrogen peroxide is also
damaging, but less so, and is degraded by other enzymes such as catalase.

Thus, SOD is an important antioxidant defense in nearly all living cells exposed
to oxygen.

This protein plays a protective role against oxidative stress, ionizing radiation,
and inflammatory cytokines.

There are three forms of SOD: SOD1, SOD2, and SOD3.

SODI1 is located in the cellular fluid, SOD2 in the mitochondria, and SOD3
outside the cell.

Superoxide is one of the main reactive oxygen species in the cell. As a

conseguence, SOD serves a key antioxidant role.
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http://archive.impactaging.com/papers/v4/n2/full/100433.html
Superoxide has a few very positive functions in the body: clearing infections,
cellular communication, creating new mitochondria and destroying tumors.

However, superoxide is damaging, and every chronic disease has too
much oxidative stress as a contributory cause.
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ILS -- > Error of this gene causes
painful underlying lifelong inflammation
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IL5 (Interleukin 5)

Summary of ILS

IL-5 is an anti-inflammatory cytokine that is part of the Th2 arm of the immune system. It's released by
T Helper 2 cells.




o™ "

T-bet ’ .
TCH signaling ,-’f H‘h.
IFM-y \ -

IL-12/5TAT4

LT
T .HH fj j |

A5
{ Mapa i L-12 f——
\C04* e (STAT4) o
._ F
"-..__.."— '-_._.-".. (_l‘ ‘-:)
-EJ y
DG Macrophage
IL-4rSTATE "rf :ll:;
. L-4  —— gaTAz — IL-6
TCR signaling [STATE) U x‘__‘ ar x\ IL-10
_— - IL-13

MNature Reviews | Immunology




Immature DC

Intracellular
pathogens
(e.g. fungi, viruses Extracellular
and mycobacteria) pathogens Funa Pathogens
P T % e aalech %% -2
___‘,?. —
G L @0 W | @R - Ao
r f 3 g
LIL-12p70, IL-1P and IL-6 (humans), IL-6
IL-12p70 OX40L, CCL17 TGFp} (mice), and IL-23 and IL-27
and CCL22
d \J Y Y
L e @ - .
y e / Y y. h
/ = {/ £ 2 ‘-..II Il.-'r 5 B
[ T-bet T4 | [~ GATA3 ) | [ g-BCL-6 |\ |
| [+ STAT4, L. saTs | | MlesTAT3 J |
W, W/ Dt W
T 1 cell T.2 cell T.17 cell T, cell
A
IFNY, IL-2 : ’» IL-4, IL-17A,
GM-CS5F Y, IL-5 and IL-17F IL-21 and
and TNF v IL-13 and IL-22 CXCRS
A Y Y Y

e Neutrophil activation

* Macrophage

activation

* NK cell activation
e Cytotoxic CD8' T cell

activation

* Eosinophil activation
 Basophil activation
* |gE* plasma B cells

Neutrophil mobilization |

* GC formation
* |gG* memory B cells

Nature Reviews | Immunology




ILO

This gene encodes a cytokine that acts as a growth and differentiation factor for both B cells and eosinophils. The encoded cytokine plays a major role in the regulation of eosinophil
formation, maturation, recruitment and survival. The increased production of this cytokine may be related to pathogenesis of eosinophil-dependent inflammatory diseases. This cytokine
functions by binding to its receptor, which is a heterodimer, whose beta subunit is shared with the receptors for interleukine 3 (IL3) and colony stimulating factor 2 (CSF2/GM-CSF). This
gene is located on chromosome 5 within a cytokine gene cluster which includes interleukin 4 (IL4), interleukin 13 (IL13), and CSF2 . This gene, IL4, and IL13 may be regulated coordinately
by long-range regulatory elements spread over 120 kilobases on chromosome 5g31. [provided by RefSeq, Jul 2013]

IL5 (Interleukin 5) is a Protein Coding gene. Diseases associated with IL5 include Pulmonary Eosinophilia and Chronic Eosinophilic Pneumonia. Among its related pathways are Akt
Signaling and T cell receptor signaling pathway. Gene Ontology (GO) annotations related to this gene include cytokine activity and interleukin-5 receptor binding.

IL5_ HUMAN,P05113

Factor that induces terminal differentiation of late-developing B-cells to immunoglobulin secreting cells.

¢

Cytokines are proteinaceous signaling compounds that are major mediators of the immune response. They control many different cellular functions including proliferation, differentiation and
cell survival/apoptosis but are also involved in several pathophysiological processes.




Med Microbiol Immunol. 2000 Nov;189(2):67-74.

IL-5 is essential for vaccine-induced protection and for resolution of primary infection in murine
filariasis.

Martin (31, Al-Qaoud KM, Ungeheuer MN, Paehle K, Vuong PN, Bain O, Fleischer B, Hoerauf A.

+ Author information

Abstract
The pathways conferring immunity to human filariases are not well known, in part because human-pathogenic filariae do not complete a full

life cycle in laboratory mice. We have used the only fully permissive infection of mice with filariae, i.e., infection of BALB/c mice with the
rodent filarial nematode Litomosoides sigmodontis. Our previous results showed that worm development is inversely correlated with Th2
cytokine production and eosinophilia. The scope of the present study was to directly elucidate the role of interleukin-5 (IL-5) and eosinophils
in controlling the development of L. sigmodonitis after vaccination and in primary infection. BALB/c mice immunized with irradiated third-stage
larvae (L3) were confirmed to have elevated IL-5 levels as well as high subcutaneous eosinophilia and to attack and reduce incoming larvae
within the first 2 days, resulting in 70% reduction of worm load. Treatment of vaccinated mice with anti-IL-5 antibody (TRFK-5) suppressed
both blood and tissue eosinophilia and completely abolished protection. This demonstrates, for the first time in a fully permissive filarial
iInfection, that IL-5 is essential for protection induced by irradiated L3 larvae. In contrast, in primary-infected mice, anti-IL-5 treatment did not
modify filarial infection within the 1st month, most likely because during primary infection IL-5-dependent mechanisms such as subcutaneous
eosinophilia are induced too late to disturb worm establishment. However, there is a role for [L-5 late in primary infection where neutrophil-
dependent worm encapsulation is also under the control of IL-5.

PMID: 11138639




CONSIDERATIONS

IL-5: Warn of inflammatory reactions to vaccinations.
EVERYTHING: May also warrant life compounded low dose
naltrexone (LDN) for pain and inflammation. Start at 0.5mg in
the AM and slowly titrate up to 3mg in AM only (not at night).
And fish oil (omega-3, 2500mg a day of DHA and EPA).

C3 Curcuminoids (validated) too.
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rs1867277

rs1867277, also known as -283G>A, is a SNP upstream of the FOXE1 gene.

4‘.Based on ~1,000 thyroid cancer patients (and an equal number of controls), a per allele odds ratio of 1.49 (ClI:
ol 1.30-1.70, p=5.9x10e-9) was found for the rs1867277(A) allele. This allele is thought to be a causal variant.[PMID
197306833

{6} [PMID 222825403 Thyroid cancer susceptibility polymorphisms: confirmation of loci on chromosomes 9g22
and 14q13, validation of a recessive 8924 locus and failure to replicate a locus on 5g24

[PMID 22493691 3] Novel associations for hypothyroidism include known autoimmune risk loci.

:“,[PMID 22736773] Association of FOXE1 polyalanine repeat region with papillary thyroid cancer.

V‘

[PMID 22882326] FOXE1 polymorphisms are associated with familial and sporadic nonmedullary thyroid cancer
susceptibility.

[PMID 23327367 ] Patterns of FOXE1 expression in papillary thyroid carcinoma by immunohistochemistry.



The Variant rs1867277 in FOXET Gene Confers Thyroid Cancer
Susceptibility through the Recruitment of USF1/USF2
Transcription Factors

IAigo Landa B4, Sergio Ruiz-Llorente B, Cristina Montero-Conde, Lucia Inglada-Pérez, Francesca Schiavi, Susanna Leskela,
Guillermo Pita, Roger Milne, Javier Maravall, lgnacio Ramos, Victor Andia, Paloma Rodriguez-Poyo, Antonino Jara-Albarran,
| --- LiMercedes Robledo [&] [ view all ]

Published: September 4, 2008 « hitps:f/doi.org/10.1371/journal.pgen.1000637
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rs4343

See ACE for a more complete description of the history of the ACI
insertion/deletion (I/D) allele and various associations reported over

the years.

Perhaps the best documented correlation of a linked SNP to the
presence or absence of the Alu insertion represented by the I/D ACE
polymorphism is rs4343. More specifically: the rs4343(A) allele is
associated with the ACE-I (insertion) allele, and the rs4343(G) allele
is associated with the ACE-D allele.[PMID 1805753130]

Another SNP in linkage disequilibrium with the ACE I/D
polymorphism is rs4341.[PMID 18622756],[PMID 1929131132)]

v [PMID 19108684] A haplotype of rs4311, rs4343, rs699 increases
|
a risk of diabetic nephropathy 4x.

v [PMID 1995642830] Angiotensin-converting enzyme levels and
‘> activity in Alzheimer's disease: differences in brain and CSF ACE

and association with ACE1 genotypes

A [PMID 20639399] Association between angiotensin converting
>enzyme G2350A polymorphism and hypertension risk: a meta-

v -
analysis




ACE and ACE2: a tale of two enzymes @

Lawrence S. Zisman =«

European Heart Journal, Volume 26, Issue 4, 1 February 2005, Pages 322-
324, https://doi.org/10.1093/eurheartj/ehi043
Published: 24 January 2005

This editorial refers to ‘Mvyocardial infarction increases ACE2
expression in rat and humans’’ by Burrell et al., on page 369

The cardiac renin—angiotensin—aldosterone system (RAAS) is an
endocrine cascade, which results in the conversion of the inactive pro-
hormone angiotensin I (Ang I) to the active peptide hormone Ang 11,
and may also function as an autocrine/paracrine system to modulate
cardiac function and growth. Renin, the initial enzyme of this cascade,
cleaves the amino terminus of the pre-pro-hormone angiotensinogen,
thereby releasing the decapeptide pro-hormone Ang I. Angiotensin-
converting enzyme (ACE) removes two additional amino acids to yield
the active octapeptide hormone Ang II. Ang II, acting through the AT1

receptor, is a potent vasoconstrictor and stimulates cardiac growth.



CONSIDERATIONS

Homozygous FOXE1: Increased risk for thyroid cancer (WARN THEM) and
risk of hypothyroidism. Treat with iodine and 3X/wk selenium 200mcg (can
become toxic).

Check annual FT4 and FT3.

Due to Homozygous ACE: \Watch for high BP and use other than ACE1
inhibitor. Check BP and HgbA1C every 6 months.

Warn of increased risk of diabetic neuropathy.

They should warn their cardiologist.



OVERALL CONSIDERATIONS & THERAPIES

Co7/7T. MTHFR Support + MTHFR Support Plus: 4-5 TOTAL per day.

FOLR2, MTHFD1, MTRR A66G: Though MTHFR Support contains a lot of 5-
MTHF, consider treating, if necessary, with extra 5-MTHF.

COMT: Chelated Magnesium 250mg as a cofactor once or twice a day.

COMT: Give Lithium Orotate dmg once or twice a day to slow down dopamine and
epinephrine.

GAD1: Give prescription Amantadine 100mg a day or twice a day to bring
calmness.



OVERALL CONSIDERATIONS & THERAPIES

SLC19A1: Give extra folate or folinic acid.

GSTM1/3/GSTP, SOD2: Treat with VALIDATED ABSORBABLE REDUCED Glutathione — lots of
it to helps scavenge the superoxide free radicals — and Vitamin C and focus on natural
antioxidants.

SOD2: Use glutathione.

IL-5: Warn of inflammatory reactions to vaccinations and treat with LDN up to 3mg in AM (start
low go slow).

FOXE1: Selenium every other day. Check thyroid annually.

ACE: Check BP and HgbA1C every 6 months. No diabetes allowed.



THANKS FOR
LISTENING!

Good luck!




THE END
Dan Purser MD
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