
April 26, 2019  |  Salt Lake City, UT

Joint Providers:
The Foundation
For Care Management
& Worldlink Medical

COURSE
SYLLABUS

Credits:
8 AMA PRA Category 1 Credits™
8 Nursing Contact Hours (8 Pharmacologic Hours)
8 Contact Hours Pharmacy Credit *(Knowledge based)



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 
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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 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 inability 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 Workflow

Sample receiving & 
DNA extraction

Liquid HandlingTesting PlatformAnalyze Data

Obtaining Sample



Individualized Precision Medicine

Best in Class
Real Time PCR



What is a Single Nucleotide Polymorphism ?

A single nucleotide polymorphism, or SNP, is 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

• Not uniformly distributes

• >1,000,000 SNPs identified

• Occur as:

• Synonymous (silent mutation

• 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 is 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 is usually functional and made in proper amount

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

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

• X linked 
• Traits only seen on X chromosome
• 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 is a branch of genetics focused on an genomic sequencing 
and its’ effects on identifying 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 is 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 inability 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. 



Triggering event(s)
Oxidative Stress:

Vaccines (live viral)
Severe Infections
Environmental Toxins
Dietary
Allergies
Trauma
Surgery
Emotional
Growth 

Genetic Predisposition
Immune / Methylation / Mitochondrial / Autophagy / Detoxification

Propagation of Disorder: 
(Inability to resolve the metabolic deficiency / inflammatory state )

Neurologic and Immunologic 
Syndromes are simply 

oxidative stressors with 
inadequate recovery 

potential



Triggering event(s)
Oxidative Stress:

Vaccines (live viral)
Severe Infections
Environmental Toxins
Dietary
Allergies
Trauma
Surgery
Emotional
Growth

Overcome Genetic Weakness
Immune / Methylation / Mitochondrial / Autophagy / Detoxification 

Propagation of Disorder: 
(an inability to resolve the metabolic deficiency / inflammatory state )

Recovery Involves 
Minimizing Oxidative Stress 
and Maximizing Recovery 

Potential 



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

The Right Supplement/s in 
The Right Amount for 
The Right Indication for
The Right Patient at
The Right Time





Biochemistry Review

Inflammation Cellular



What cells 
are affected?

T cells



What cells 
are affected?

Microglia



   
Microglial / T Cell Activation

“ON” Switches

C3*
CD14*

IL2
IL4
IL5*
IL6*
IL13

IL23R
IL2RA

“OFF” Switches

TNF
TRAF1
CTLA4 
STAT4
SOCS-1

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.



 y  
“On Switches”

• C3 (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



 y  
“On Switches”

 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

 IL4 (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



 y  
“On Switches”

 IL-6 (Interleukin 6) (MAF: .14)
 Mostly produced by monocytes
 Increased risk of general inflammation and IBS
 Polymorphism may respond to JAK-STAT inhibitors

 IL23R (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)
 Increased 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”



CD14 Polymorphism “up regulation”

Neural 
Inflammation



IL4 / IL5 / IL6 / IL13 Polymorphism



IL6 and IL 23R



IL2RA Polymorphism



Immune Inflammatory Cellular SNPs
“Off Switches”

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

 TRAF1 (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 Aggression



TRAF1 (TNF Receptor Factor Activation Factor 1)



Immune Inflammatory Cellular SNPs
“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

 STAT4 (Signal Transducer and Activator 4)(MAF: .26)
 Codes for protein that activates TH1 from naïve 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)



STAT4 (Signal Transducer and Activator 4) Polymorphism

STAT4



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

• IDO1(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)

Low Dose Naltrexone

DRD2 Receptor



IDO1
Indolamine 2,3-
Dioxygenase 1

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

Microglia and T cells



Inflammation Cellular
Cannabidiol and Neuro-Inflammation



Inflammation Cellular Treatment
Low Dose Naltrexone Lotion



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
 Anti-nocioceptive



Inflammation Cellular
Beta Glucans and Immune Modulation

Genes and Symptoms: 
 STAT4, CTLA4, TNF, IL13, IL6, IL5
 Low T cell counts

Objective: Beta Glucans can:
 Stimulate production of WBCs
 Increase phagocytosis
 Shift Th2 dominance to Th1

Strategy:   
 Beta glucans 1/3,1/6 – Probiotic or Mushroom based
 Echinacea, Silymarin
 Andrographolide, Quercetin



Inflammation Cellular
Omega 3 Fatty Acids



Omega 3 Fatty Acids
Resolvins, Lipoxins and Protectins



Progesterone and Inflammation Control 



Inflammation Control
Curcuminoids and Resveratrol

Inflammation Control Autophagy 



Biochemistry Review

Inflammation External
Gastrointestinal



Immune Inflammatory Gastrointestinal SNPs

• AOC1 (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)  -
• 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

• HLA DQA1 / DQA2   
• Homo or Both Hetero
• Polymorphism creates higher risk of severe antigenicity to gluten
• Also associated with higher risk of gluten and casein sensitivity

• HLA DRB1  /  DRB2 
• 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”

Gluten / Histamines / 
Food Sensitivities 

Pathogens



AOC1 and HNMT Polymorphisms

SAMe AOC1HNMT



Inflammation External
AOC1 and HMNT

Genes and Treatment Indication: 
 AOC1 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



FUT2 (Fucosyltransferase 2) Polymorphism

Probiotics

No sugars for 
probiotic colonization



Inflammation External
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



HLA DQA1 and DQA2
Celiac Potential



Inflammation External 
HLA-DQA

Gene and Treatment Indication: 
 Homo HLA DQA1 / 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 
HLA-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 it’s most profound effects on high energy cells (ie
nervous system, immune system and endocrine system).





Autophagy Recycles Intracellular Garbage



ATG5/ ATG12/ATG16L1



mTOR (Mechanistic Target of Rapamycin)

mTOR
(speedometer)

High Rate of 
Protein 

Transcription

Insulin 
Upregulation

Low Rate of 
Autophagy

Low Cellular 
Metabolic Rate

High Rate of 
Autophagy 
Clearance

Insulin Down-
regulation

Increased Cell 
Growth and 
Metabolism

Cellular Rest

Cellular Stress
Nutrient 
Intake

Growth 
Factors



Rictor Pathway Overactivation
is common in Pathogenesis



mTOR Rictor is Activated in Cell Survival



Autophagy Related Polymorphisms

• ATG5 / ATG12 / ATG16L1  (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 / CARD15 ( Nucleotide Oligomerization Domain Protein 2) (MAF:  .09)
• Hetero / Homo significance
• Associated with lower ability to clear bacterial antigens



Autophagosome



Autophagy Weakness Interrupts Cellular Glucose Delivery
D-chiro Inositol and Insulin 

D-chiro Inositol



Autophagy and Insulin Resistance Vicious Cycle



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

• PARK2 (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



PARK2 (Parkin) / PARK6 (PINK1)



APOE  (Apolipoprotein E)

Tau Proteins



APOE Distribution



APOE Variant and Neurotransmission



Autophagy and APOE



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-ε1/ε1 +/+ (C;C) +/+ (T;T)

Apo-ε1/ε2 +/- (C;T) +/+ (T;T)

Apo-ε1/ε3 +/- (C;T) +/- (C;T)

Apo-ε2/ε4 +/- (C;T) +/- (C;T)

Apo-ε1/ε4 +/+ (C;C) +/- (C;T)

Apo-ε2/ε2 -/- (T;T) +/+ (T;T)

Apo-ε2/ε3 -/- (T;T) +/- (C;T)

Apo-ε3/ε3 -/- (T;T) -/- (C;C)

Apo-ε3/ε4 +/- (C;T) -/- (C;C)

Apo-ε4/ε4 +/+ (C;C) -/- (C;C)



Food for Thought

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

Samuel Taylor Coolridge
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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

Deficiency of

Methyl THF T Cell Immune Weakness

Poor Dopamine / Serotonin Production

Poor Neurological Healing

Poor Fine Motor Skills/ Tremors

Emotional Instability

Poor Sleep Patterns

Memory/Focus/Concentration Issues

Poor Steroid Production / Metabolism

Poor Toxin Clearance (Glutathione)

Mitochondrial weakness

Inflammatory Activation

Lowered Seizure and Pain Threshold



Simplified “Bucket” Theory
Proper Methylation

Mitochondria
Growth 
FactorsImmune

SystemDopamine
Serotonin

Methyl Folate Supply



Immune Challenge Bucket Theory
Methylation Deficiency and Oxidative Challenge

Mitochondria
Growth 
FactorsImmune

SystemDecreased
Dopamine
Serotonin

Increased 
Inflammation

Methyl Folate Supply



Healing Crisis / Chronic Inflammation Bucket Theory
Healing and Methylation Deficiency

Mitochondria
Growth 
FactorsWeak

Immune
SystemDecreased

Dopamine
Serotonin Increased Energy 

NeedIncreased Nutritional 
NeedIncreased 

Inflammation

Methyl Folate Supply



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



MTHFD1
FOLR

MTHFR

MTHFD1

DHFR

MTHFS



Folate Metabolism

MTHFR

FOLR1/2

DHFR

Leucovorin

MTHFD1

MTHFD1

DHFR

MTR/MTRR

L-5-Methyltetrohydrofolate
(L-5-MTHF)



Approximating Methylfolate Deficiency

 Significant SNPs:

 FOLR (20% / 40%)

 MTHFD1 (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%)



Folate Metabolism

MTHFR

FOLR1/2

DHFR

Leucovorin

MTHFD1

MTHFD1

20% / 40%

10% / 20%

10% / 20%

10% / 20%

677 40% / 70%

1298 10% / 20%

1298/677 50%

DHFR

MTR/MTRR

L-5-Methyltetrahydrofolate
(L-5-MTHF)



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

• MTHF, MB12 are co-factors

• GIF (Gastric Intrinsic Factor)
• Binds to B12 in the stomach and is necessary for B12 absorption by the ileum

• TCN1 (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



MTR and MTRR 



TCN2

MTR MTRR

MTHFD

MTHFR







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



Autophagy
Affected

Methylation
Affected



NDUFS7

UQCRC2

COX 5A/6C

ATPase



Mitochondrial Polymorphisms 
CoQ-10 Related

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

 UQCRC2  (Ubiquinol-cyt c 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

 COX5A / COX6C (Cytochrome Oxidase)
 Complex 4 protein in Respiratory Chain

 ATP5C1 (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

UQCRC2
Complex 3

NDUFS7
Complex 1

COX 5A/6C
Complex 4

ATP 5C1
Complex 5

SUXD
Complex 2

7.5% / 15%

15% / 30%

7.5% / 15%

7.5% / 15%



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

5-MTHF

Tyrosine DOPA

5-HTP

Tetrahydrobiopterin
(BH4)

Di-hydrobiopterin
(BH2)

Serotonin

Dopamine Norepinephrine

TPH DBH



“Good Times”

GABA
Serotonin

“Anxiety”

Norepinephrine
Glutamate

Acetylcholine

Dopamine Balance

“Relaxed State-of-Mind”

What Do We Desire For Our Patients



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 Val158Met 

• 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



COMT / MAO-A and MAO-B



Neurotransmitter SNP
GAD 1

• Glutamic Acid Decarboxylase (GAD1)

• 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

Anxiety, Dysphoria, Inattentiveness, Muscle Spasms, Poor Sleep Initiation, Poor Peristalsis

GAD1 +/- or +/+

Glutamate

Glutamate

GABA

GABA

Calm, Relaxed, Focused, Good Sleep

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







Important Neurotransmitter Enzymes

• HTR2 (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 5-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



HTR2

SLC6A4



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-MTHF, Niacinamide, SSRI’s



DBH
Dopamine Beta
Hydroxylase



DBH
Dopamine Beta 
Hydroxylase

TPH
Tryptophan 
Hydroxylase

Vit C
Copper

Biopterin
(5-MTHF)

B3 



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 
Neurotrophic 
Factor



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





Biochemistry Review

Detoxification
Phase I



Phase I Detoxification
The Cytochrome Polymorphisms

• Pharmacogenetics

• Hormonal Breakdown



Detoxification Genetics Report



Pharmacogenetics is Personalized Medicine
for Drugs



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 Active Drug Prodrug

Poor metabolizer 
(PM)

• Active drug may accumulate
• Require lower dose to avoid toxic 

accumulation

• Inactive pro-drug may accumulate
• Lack of therapeutic response

Intermediate Metabolizer 
(IM)

• May require reduced doses
• May lead to drug-drug interactions with 

concomitant medications

Extensive Metabolizer
(EM)

• Standard dose appropriate • Standard dose appropriate 

Ultra-Rapid Metabolizer (UM) • Requires higher dose to offset higher rate 
of metabolism

• 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

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

CYP3A4/5 
35%

CYP1A2
11% CYP2E1

5%

CYP2C19
10%

CYP2A6
2%

CYP2D6
25%

CYP2C9
12%

• Approximately 57 types of CYP enzymes

• CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP3A4 and CYP3A5 are 
responsible for the metabolism of >90% of all drugs

• CYP genetic variation can lead to variability in drug metabolism  



Pharmacokinetics
Metabolizer Phenotypes

Alleles Enzyme Activity Phenotype

Both alleles are non-functional Little or no enzyme activity Poor metabolizer 
(PM)

One allele is non-functional & one 
allele is functional

Decreased enzyme activity Intermediate Metabolizer (IM)

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

One or more alleles result in increased 
enzyme function

Increased enzyme activity Ultra-Rapid Metabolizer (UM)



Pharmacokinetics
Metabolizer Phenotypes

Phenotype Active Drug Prodrug

Poor metabolizer 
(PM)

• Active drug may accumulate
• Require lower dose to avoid toxic 

accumulation

• Inactive prodrug may accumulate
• Lack of therapeutic response

Intermediate Metabolizer 
(IM)

• May require reduced doses
• May lead to drug-drug interactions 

with concomitant medications

Extensive Metabolizer
(EM)

• Standard dose appropriate • Standard dose appropriate 

Ultra-Rapid Metabolizer (UM) • Requires higher dose to offset higher 
rate of metabolism

• Rapid onset of effect
• May require lower dose to 

prevent excessive accumulation
of any active metabolite



Modify Dose or Avoid based on Metabolizer Phenotype

Xie and Frueh, Personalized 
Medicine (2005) 2(4), 325–

 



Biochemistry Review

Detoxification
Phase II



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

AHCY

MTRRMTRMTHFR
MTHFD1

CBS

CTH

GSTM1

GSTP1

GSTM3

Re-Methylation

Trans-Methylation

Trans-Sulfuration

Glutathione 
Conjugation







Detoxification Phase II  - 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:  5-MTHF /  Leucovorin, MB12, Methionine



Detoxification Phase II  - 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 is 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 is 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





Detoxification Phase II -Glutathione Conjugation

• GSTP1 (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

• GSTM1 (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 III



Phase III Detoxification Polymorphisms

• Detoxification of Reactive Molecules 

• Free Radicals  (SOD2, SOD3)

• Peroxides  (GPX3)

• Sulfites  (SUOX)



Phase III Detoxification 
SOD1 (Cytoplasm), SOD 2 (Mitochondrial)

• Superoxide Dismutase (SOD1, SOD2)

• Hetero / Homo significance  =  Decreased activity

• Converts Oxygen radicals into H2O2

• 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

Inflammation

Respiration

Membrane Transport

X



SOD and GPX3
Oxygen Free Radicals

Catalase GPX3 Glutathione
Redux



SOD and Mitochondria





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

• Treatment: Reduce Zinc intake

• SLC23A1 (Solute Carrier Family – Vit C) (MAF: .035)
• Functions as Vit C transporter

• Treatment: High Dose Vit. C

• SLC5A6 (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



Important Vitamin SNPs
• BCOM1 (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

• CoQ2 (Ubiquinone Synthase) (MAF: .35)
• Results in CoQ10 deficiency
• Treatment: High Dose Ubiquinone and PQQ
• Must Avoid Statin Usage if possible



BCOM1
Beta Carotene 
Dioxygenase 1

BCOM1



Vitamin D Functions



VDR (Vitamin D Receptor)
Immune Modulation

Must have higher levels of 
Vit D to promote immune

modulation



Vitamin D Biochemistry
DBP (Vit D Binding Protein)



COQ2
Ubiquinol 
Synthase Must Avoid Statins

COQ2



Biochemistry Review

Women’s Hormones



Important Hormone Related SNPs
Estrogen

 CYP1B1 (Cytochrome 1B1)
 Converts E1/E2 to 4-Hydroxyestrone (pro-carcinogenic)
 Homo = Up Regulation  (higher production of 4-OHE1)  

 CYP1A1 (Cytochrome 1A1)
 Converts E1/E2 to 2-Hydroxyestrone
 Homo = Reduced Function  (lower production of 2-OHE1)

 COMT (Catecholamine-O-Methyltransferase)
 Converts 4-OHE1 (pro-carcinogenic) to 4-MeE1 (neutralized)  
 Converts 2-OHE1 to 2-methoxyE1 (protective) 
 Homo = Reduced Function  (lower production of 4-MeE1 and 2-MeE1)

 GSTP1 (Glutathione-s-transferase Pi1)
 Responsible for Phase 2 clearance of mercapturates (carcinogenic quinones)
 Homo = Poor clearance 



Estrogen Metabolism

CYP1B1

CYP3A4

CYP1A1

CYP1A1

4-Methoxy Estrone
(neutralized)

COMT

COMT

COMT

Proliferative

Proliferative

Protective

Protective



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

 CYP19A1 (Cytochrome 19A1)
 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)



Follicular 
Stimulating 

Hormone (FSH)

and

Luteinizing 
Hormone (LH)





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

 SRD5A (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)





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





End of Day 1
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M T H F R  &  0 T H E R  G E N E T I C  

E R R O R S  

B Y  D A N  P U R S E R  M D

©  C O P Y R I G H T  2 0 1 9 B Y  D A N  P U R S E R  M D



G E N E T I C  S N P S  O R  E R R O R S  D I S C U S S E D

FOLR2

IL5

MTRR A66G GAD1

COMT V158M COMT H62H MAO-B

SLC19A1 

Homozygous C677T
MTHFR

MTHFD1

SOD2 FOXE1 ACE



L E S S O N  1
I N T R O D U C T I O N



W H O  A M  I ?
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…



A L S O ,  I  E D U C A T E  A L L  
O V E R  T H E  W O R L D

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.

So get ready.



F U L L  A M A  ( A M E R I C A N  M E D I C A L  A S S O C I A T I O N )  
D I S C L O S U R E

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

I have also written books on the genetic medical errors.

All this is my own medical opinion

Not selling any products.



E N D  L E S S O N  1



A MEDICAL PARADIGM SHIFT
LESSON 1:



NO MORE BANDAIDS
F I R S T

Like giving an 
amphetamine for 
Chronic Fatigue 

Syndrome

What’s the 
actual cause of 

the fatigue?



Start Practicing Root Cause Medicine

Get it? From here on out, you’re going to look for that root 
cause of the fatigue…

T H E N



T O  D I V E  O R  D I G  
D E E P E R ,  T O  R E A L L Y  

Q U E S T I O N  T H E  
W H Y …

P L E A S E  T A K E  T H E  T I M E



L A N D M A R K  1 9 9 8  S T A N F O R D  S T U D Y  P U B L I S H E D  I N  J A M A

69%
WANTED
MORE 

NATURAL
THERAPY
OPTIONS

1998

https://jamanetwork.com/journals/jama/fullarticle/187543



L I K E  D R  N E A L  R O U Z I E R  S A Y S ,  
T H E R E  A R E  A L W A Y S  H A T E R S

D O N ’ T  B I L L  I N S U R A N C E  —
T H O U G H  I T ’ S  N O T ,  T H E Y ’ L L  T R Y  

T O  C A L L  I T  F R A U D  O R  Q U A C K E R Y

R E M E M B E R  S I M M E L W E I S S

M A K I N G  T H E I R  D I S S A T I S F I E D  
P A T I E N T S  H A P P Y  W I L L  M A K E  

O T H E R  D O C T O R S  M A D  A T  Y O U

P A T I E N T S  W I L L  L O V E  Y O U  
T H O U G H

NAYSAYERS



INSURANCE 
COMPANIES

CLEVELAND CL IN IC

https://health.clevelandclinic.org/2013/09/a-
genetic-test-you-dont-need/

NAYSAYERS

Words from an ignorant person 
whose never seen a SpectraCell.

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



C O N F U S I N G :  T H E  B I G  B O Y S  S A Y  T H E  F U T U R E  
I S  G E N E T I C  M E D I C I N E ,  B U T  T H E N  T H E Y  S A Y  

I T ’ S  N O T . W H I C H  I S  I T ?

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



What I 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.



G E N E T I C  E R R O R S  Y O U  C A R R Y  A F F E C T  Y O U

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).

So 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.



E N D  L E S S O N  2



T E R M I N O L O G Y  &  D E F I N I T I O N S

LESSON 3:



― WILL IAM SHAKESPEARE,  ROMEO AND JULIET

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



M T H F R
An acronym

Stands for “MethyleneTetraHydroFolate 
Reductase (Enzyme Deficiency Disease)” so 

should be MTHFREDD (but???!!?).

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.



M T H F R  E R R O R S  
P R E V E N T  C O N V E R S I O N
O F  H O M O C Y S T E I N E  T O  

G L U T A T H I O N E .

H I G H  H O M O C Y S T E I N E  
I S  D I A G N O S T I C  O F  

M T H F R  A N D  V E R Y  B A D .

T H I S  M A K E S  M O R E  M E D I C A L  S E N S E



The genetic errors 
we are discussion 
are each known to 

specifically decrease 
the functionality of 
certain enzymes –

this decrease can be 
in the amount 

produced, or in the 
percentage of 

functional versions of 
the enzymes 

created.



# 1  S Y M P T O M  O F  M T H F R ?
A T  T H E  B A S I C  L E V E L  W E ’ R E  D I S C U S S I N G  S Y M P T O M A T O L O G Y

FATIGUE



TIRED ALL THE TIME!

So MTHFR is about NEVER having enough energy.

THUS THE POPULARITY OF F IVE HOUR ENERGY DRINKS



W H Y  Y O U  M I G H T  B E  T I R E D …





Only 9-10 ATP?

THEY 
ARE

ALWAYS 
BEHIND!!!

MOST CRITICAL 
SLIDE IN THIS 

COURSE!



H E T E R O Z Y G O U S

Only one SNP (allele) is present

(Not as bad as two or 
HOMOZYGOUS errors)

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



H O M O Z Y G O U S

Means the genetic 
error is fully realized.

Two of the errors are 
present, one from 

each parent.

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



C 6 7 7 T

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.



A 1 2 9 8 C

Having one is not supposed to 
affect methylation — WRONG!

Reduces BH4, too.

Causes neuro-transmitter 
problems.

Causes anxiety. Associated with 
schizophrenia when they can’t 
turn their brains off due to TOO 

MUCH NorEpinephrine.



C O M T  H 6 2 H &
C O M T  V 1 5 8 M

COMT, when functional, cleans up excess 
Dopamine & Norepinephrine.

Cannot break these neurotransmitters down 
if carries or Homozygous.

These people tend to have very high levels 
of neurotransmitters.

Brains cannot shut down.

Tend to be OCD (Obsessive Compulsive). 

Tend to have anxiety and cannot sleep well.

Much worse with Homozygous MAO-A 
R297R

Can give small doses of Lithium Orotate 
5mg to increase COMT production.



M T R R  E R R O R S

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.



G T S P 1 I 1 0 5 V

Especially if HOMOZYGOUS can cause you 
to use up your reduced glutathione (GSH) 

too quickly and so will always be low. 

Lack of glutathione increases toxin and metal 
loads.

Increases risk for cancer.

I might just be the top knowledge on clinical 
use of glutathione in the world – I have been 

awarded two glutathione patents and we 
have a glutathione product going through 

FDA approval as an OTC med.



M A O - A  R 2 9 7 R

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

Slows breakdown of Serotonin. 

Can lead to high levels of 
neurotransmitters. 

The healthy enzyme requires B2 
(Riboflavin) in sufficient levels to function 

(so use in treatment). 

Associated with mood swings, aggressive 
behavior, depression, anxiety, OCD.

Treat with progesterone.



M A O - A  R 2 9 7 R

Intolerance of methylfolate (which increases 
neurotransmitters that can't be broken down by 

MAO 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/  



VDR Fok is involved with blood sugar 
regulation. 

VDR mutations oppose COMT 
mutations in the regulation of dopamine 

levels. 

A VDR mutation means that a person is 
less sensitive to methyl group 

supplement levels (mood swings).

Supplement with D3. Watch serum 
levels.

VDR Taq (or Tak)



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 impact that psychological stress has on a 

patient's attention levels.



E N D  L E S S O N 3



G X  S C I E N C E  C A S E  # 8
LESSON 4



S I G N S  &  S Y M P T O M S  – 5 2  Y / O  M A L E

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.



361 ng/dl







HOMOZYGOUS C677T

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]

HA HAHAHAHAHAHAHAHA! Really?











H O M O Z Y G O U S  C 6 7 7 T  M T H F R

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.



In summary: C677T errors 
are associated with low LH 
and LOW TESOSTERONE

(In both sexes actually.)

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







FOLR2





This is more 
accurate – uses 

folate instead of folic 
acid







MTHFD1





MTHFD1







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

MTRR



MTRR A66G



C O N S I D E R A T I O N S  &  T H E R A P Y

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. Plus lost 

30 lbs.

This is one SNP that women, if pregnant, should absolutely receive a 
MTHFR prenatal (there are a few available).







X-linked means it comes from MOM’s DNA – X 
chromosome.



MAO-B



MAO-A



MAO-A



MAO-A



MAO-A



MAO-A





Makes 
GABA



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 2.

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 it is required, and simply be 
passed out the body 3.

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








C O N S I D E R A T I O N S  &  T H E R A P Y
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.











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.





• 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.



SOD2





SOD2 too 
would 
benefit 
from 

glutathione.



IL5



IL5 -- > Error of this gene causes 
painful underlying lifelong inflammation



IL5



IL5



IL5



IL5



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.





FOXE1





So without ACE1 you 
get more Angiotensin 

II at the 
AT1 Receptor and 

higher 
vasoconstriction

so higher BP.



ACE



READ
For More 

Info



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.



O V E R A L L  C O N S I D E R A T I O N S  &  T H E R A P I E S

C677T: 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 5mg 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.



O V E R A L L  C O N S I D E R A T I O N S  &  T H E R A P I E S

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 200 mcg every other day. Check thyroid annually.

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



T H A N K S  F O R  
L I S T E N I N G !

Good luck! 



THE END
Dan Purser MD



References 

Methyation 

Goyette P, Sumner JS, Milos R, Duncan AM, Rosenblatt 
DS, Matthews RG, Rozen R (Jun 1994). “Human methylenetetrahydrofolate reductase: isolation of 
cDNA, mapping and mutation identification”. Nature Genetics 7 (2): 195–200. doi:10.1038/ng0694-
195.PMID 7920641.  

“Entrez Gene: MTHFR methylene tetrahydrofolate reductase (NAD (P) H)”. Födinger M, Hörl WH, Sunder- 
Plassmann G (2000). “Molecular biology of 5, 10-methylenetetrahydrofolate reductase”. Journal of 
Nephrology13 (1):20–33. PMID10720211.  

 
Trimmer EE (2013). “Methylenetetrahydrofolate reductase: biochemical characterization and medical  

significance”. Current Pharmaceutical Design 19 (14): 2574–93. 
doi:10.2174/1381612811319140008. PMID 23116396.  
 

Tran P, Leclerc D, Chan M, Pai A, Hiou-Tim F, Wu Q, Goyette P, Artigas C, Milos R, Rozen R (Sep 2002).  
“Multiple transcription start sites and alternative splicing in the methylenetetrahydrofolate reductase 
gene result in two enzyme isoforms” Mammalian Genome13 (9):483–92. doi:10.1007/ s00335-002-
2167-6 . PMID 12370778.  
 

Matthews RG, Daubner SC (1982). “Modulation of methylenetetrahydrofolate reductase activity by S 
adenosylmethionine and by dihydrofolate and its polyglutamateanalogues”. 
AdvancesinEnzymeRegulation20: 123–31. doi:10.1016/0065-2571(82)90012-7.PMID 7051769.  

Yamada K, Strahler JR, Andrews PC, Matthews RG (Jul 2005). “Regulation of human 
methylenetetrahydrofolate reductase by phosphorylation”. Proceedings of the National Academy of 
Sciences of the United States of America 102 (30): 10454–9. doi:10.1073/pnas.0504786102. PMC 
1180802. PMID 16024724.  

Goyette P, Sumner JS, Milos R, Duncan AM, Rosenblatt DS, Matthews RG, Rozen R (Aug 1994). “Human  
methylenetetrahydrofolate reductase: isolation of cDNA mapping and mutation identification”. Nature 
Genetics 7 (4): 551. doi:10.1038/ng0894-551a.PMID 7951330.  

 
Sibani S, Christensen B, O’Ferrall E, Saadi I, Hiou-Tim F, Rosenblatt DS, Rozen R (2000).“Characterization  

of six novel mutations in the methylenetetrahydrofolate reductase (MTHFR) 
geneinpatientswithhomocystinuria”.HumanMutation15(3): 280–7. doi:10.1002/(SICI)1098-
1004(200003)15:3<280::AID- HUMU9>3.0.CO;2-I .PMID 10679944.  

Schneider JA, Rees DC, Liu YT, Clegg JB (May 1998). “Worldwide distribution of a common  
methylenetetrahydrofolate reductase mutation”. American Journal of Human Genetics 62 (5): 1258–
60. doi:10.1086/301836. PMC 1377093. PMID 9545406.  

Reilly R, McNulty H, Pentieva K, Strain JJ, Ward M (Feb 2014). “MTHFR 677TT genotype and disease risk:  
is there amodulatingroleforB-vitamins?”. The Proceedings of the Nutrition Society 73 (1): 47–
56. doi:10.1017/S0029665113003613. PMID 24131523 

Yamada K, Chen Z, Rozen R, Matthews RG (Dec 2001). “Effects of common polymorphisms on the  
properties of recombinant human methylenetetrahydrofolate reductase” . Proceedings of the National 
Academy of Sciences of the United States of America 98 (26): 14853–8. 
doi:10.1073/pnas.261469998. PMC 64948.PMID 11742092. 

Schwahn B, Rozen R (2001). “Polymorphisms in the methylenetetrahydrofolate reductase gene: clinical  
consequences”.AmericanJournalofPharmacogenomics1(3): 189–201. doi:10.2165/00129785-
200101030-00004. PMID 12083967.  



Bailey LB (Nov 2003). “Folate, methyl-related nutrients, alcohol, and the MTHFR 677C-->T polymorphism  
affect cancer risk: intake recommendations”. The Journal of Nutrition133 (11 Suppl 1): 3748S–3753S. 
PMID 14608109.  

Wu X, Zhao L, Zhu H, He D,Tang W, Luo Y (Jul 2012). “Association between the MTHFR C677T  
polymorphism and recurrent pregnancy loss: a meta-analysis”. Genetic Testing and Molecular 
Biomarkers 16 (7): 806–11. doi:10.1089/gtmb.2011.0318. PMID 22313097. PMID 11502178. 

Schnell JR, Dyson HJ, Wright PE (2004).”Structure, dynamics, and catalytic function of dihydrofolate  
reductase”. Annu Rev Biophys Biomol Struct 33 (1): 119–40.doi:10.1146/annurev.biophys.33. PMID 
15139807. • Crabtree MJ, Tatham AL, Hale AB, Alp NJ, Channon KM (2009). “Critical role for 
tetrahydrobiopterin recycling by dihydrofolate reductase in regulation of endothelial nitric-oxide 
synthase coupling: relative importance of the de novo biopterin synthesis versus salvage pathways”. J. 
Biol. Chem. 284 (41): 28128–36.doi:10.1074/jbc. M109.041483. PMID 19666465. 

Benkovic SJ, Fierke CA, Naylor AM (March 1988). “Insights into enzyme function from studies on mutants of 
dihydrofolate reductase”. Science 239 (4844): 1105–10. doi:10.1126/ science.3125607 . PMID 
3125607.  

Huennekens FM (June 1996). “In search of dihydrofolate reductase”. Protein Sci. 5(6): 1201–8. doi:10.1002/  
pro.5560050626. PMID 8762155.  

Bailey SW, Ayling JE (2009). “The extremely slow and variable activity of dihydrofolate reductase in human  
liver and its implications for high folic acid intake” . Proc. Natl. Acad. Sci. U.S.A. 106 (36): 15424–
9. doi:10.1073/ pnas.0902072106 . PMID 19706381.  

Beierlein JM, Karri NG, Anderson AC (October 2010). “Targeted mutations of Bacillus anthracis  
dihydrofolate reductase condense complex structure− activity relationships” . J. Med. Chem. 53 (20): 
7327–36. doi:10.1021/ jm100727t . PMID 20882962.  

FOLR1  

Henderson GB (1990). “Folate-binding proteins”. Annu. Rev. Nutr. 10: 319–35. PMID 2166548.  

Kelemen LE (2006). “The role of folate receptor alpha in cancer development, progression and treatment:  
cause, consequence or innocent bystander?”. Int. J. Cancer 119 (2): 243–50. PMID 16453285.  

Ragoussis J, Senger G, Trowsdale J, Campbell IG (1992). “Genomic organization of the human folate receptor 
genes on chromosome 11q13”. Genomics 14 (2): 423–30. . PMID 1330883.  

Elwood PC (1989). “Molecular cloning and characterization of the human folate-binding protein cDNA from  
placenta and malignant tissue culture (KB) cells”. J. Biol. Chem. 264 (25): 14893–901. PMID 
2768245.  

Sadasivan E, Rothenberg SP (1989). “Molecular cloning of the complementary DNA for a human folate  
binding protein”. Proc. Soc. Exp. Biol. Med. 189 (2): 240–4. PMID 3194438.  

Yan W, Ratnam M (1995). “Preferred sites of glycosylphosphatidylinositol modification in folate receptors  
and constraints in the primary structure of the hydrophobic portion of the signal”. Biochemistry 34 
(44): 14594–600... PMID7578066.  

Suzuki Y, Yoshitomo-Nakagawa K, Maruyama K, et al. (1997). “Construction and characterization of a full  
length-enriched and a 5’-end- enriched cDNA library”. Gene 200 (1–2): 149–56. . PMID 9373149.  

FOLR2  

Henderson GB (1990). “Folate-binding proteins.” Annu. Rev. Nutr. 10: 319–35... PMID 2166548. 

Nishiyama M, Kato Y, Hashimoto M,Yukawa S, Omori K 



(May 2000). “Apolipoprotein E, methylenetetrahydrofolate reductase (MTHFR) mutation and the risk 
of senile dementia- -an epidemiological study using the polymerase chain 
reaction(PCR)method”.JournalofEpidemiology/Japan Epidemiological Association 10 (3): 163–72. 
doi:10.2188/ jea.10.163 . PMID 10860300.  

Mischoulon D, Raab MF (2007). “The role of folate in depression and dementia”. The Journal of Clinical  
Psychiatry. 68 Suppl 10: 28–33. PMID 17900207.  

Hua Y, Zhao H, Kong Y,Ye M (Aug 2011).“Association between the MTHFR gene and Alzheimer’s disease:  
a meta- analysis”.TheInternationalJournalofNeuroscience121(8): 462–
71. doi:10.3109/00207454.2011.578778. PMID 21663380.  

Papakostas, G. I.; Shelton, R. C.; Zajecka, J. M.; Bottiglieri,T; Roffman, J; Cassiello, C; Stahl, S. M.; Fava, M  
(2014). “Effect of adjunctive L-methylfolate 15 mg among inadequate responders to SSRIs in 
depressed patients who were stratified by biomarker levels and genotype: Results from a randomized 
clinicaltrial”.TheJournalofClinicalPsychiatry75(8): 855–63. doi:10.4088/JCP.13m08947. PMID 
24813065. DHFR  

Chen MJ, Shimada T, Moulton AD, Cline A, Humphries RK, Maizel J,NienhuisAW(March1984). 
“Thefunctionalhumandihydrofolate reductase gene”. J. Biol. Chem. 259(6): 3933–43. PMID 6323448.  

Funanage VL, Myoda TT, Moses PA, Cowell HR (October 1984). “Assignment of the human dihydrofolate  
reductase gene to the q11----q22 region of chromosome 5” . Mol. Cell. Biol. 4 (10): 2010–6. PMID 
6504041.  

Osborne MJ, Schnell J, Benkovic SJ, Dyson HJ, Wright PE (August 2001). “Backbone dynamics in  
dihydrofolate reductase complexes: role of loop flexibility in the catalytic mechanism”. Biochemistry 
40 (33): 9846–59.  

Ragoussis J, Senger G, Trowsdale J, Campbell IG (1992). “Genomic organization of the human folate receptor 
genes on chromosome 11q13.”. Genomics 14 (2): 423–30. . PMID 1330883.  

Freisheim JH, Price EM, Ratnam M (1990). “Folate coenzyme and antifolate transport proteins in normal and  
neoplastic cells.”. Adv. Enzyme Regul. 29: 13–26. PMID 2561247.  

Ratnam M, Marquardt H, Duhring JL, Freisheim JH (1990). “Homologous membrane folate binding proteins  
in human placenta: cloning and sequence of a cDNA.”. Biochemistry 28 (20): 8249–54. PMID 
2605182.  

Shen F, Ross JF, Wang X, Ratnam M (1994). “Identification of a novel folate receptor, a truncated receptor,  
and receptor type beta in hematopoietic cells: cDNA cloning, expression, immunoreactivity, and tissue 
specificity.”.Biochemistry 33 (5): 1209–15. . PMID 8110752.  
 

Page ST, Owen WC, Price K, Elwood PC (1993). “Expression of the human placental folate receptor transcript 
is regulated in human tissues. Organization and full nucleotide sequence of the gene.” J. Mol. Biol. 
229 (4): 1175–83. PMID 8445646.  

Suzuki Y, Yoshitomo-Nakagawa K, Maruyama K; et al. (1997). “Construction and characterization of a full  
length-enriched and a 5’-end- enriched cDNA library.”. Gene 200 (1-2): 149–56... PMID 9373149.  

Nakashima-Matsushita N, Homma T, Yu S; et al. (1999). “Selective expression of folate receptor beta and its  
possible role in methotrexate transport in synovial macrophages from patients with rheumatoid 
arthritis.”. Arthritis Rheum. 42 (8): 1609–16. . PMID 10446858.  

Strausberg RL, Feingold EA, Grouse LH; et al. (2003). “Generation and initial analysis of more than 15,000  
full-length human and mouse cDNA sequences.” . Proc. Natl. Acad. Sci. U.S.A. 99 (26): 16899– 903. 
PMID 12477932.  

MTRR  



Leclerc D, Wilson A, Dumas R, Gafuik C, Song D, Watkins D, Heng HH, Rommens JM, Scherer SW,  
Rosenblatt DS, Gravel RA (Mar 1998). “Cloning and mapping of a cDNA for methionine synthase 
reductase, a flavoprotein defective in patients with homocystinuria”. Proceedings of the National 
Academy of Sciences of the United States of America 95 (6): 3059–64. PMID 9501215.  

“Entrez Gene: MTRR 5-methyltetrahydrofolate-homocysteine methyltransferase reductase”  

Wilson A, Platt R, Wu Q, Leclerc D, Christensen B,Yang H, Gravel RA, Rozen R (Aug 1999).“A common  
variant in methionine synthase reductase combined with low cobalamin (vitamin B12) increases risk 
for spina bifida”.Molecular Genetics and Metabolism 67 (4): 317–23. PMID 10444342.  

James SJ, Pogribna M, Pogribny IP, Melnyk S, Hine RJ, Gibson JB,Yi P,Tafoya DL, Swenson DH, Wilson  
VL, Gaylor DW (Oct 1999). “Abnormal folate metabolism and mutation in the 
methylenetetrahydrofolate reductase gene may be maternal risk 
factorsforDownsyndrome”.TheAmericanJournalofClinical Nutrition 70 (4): 495–501. PMID 
10500018.  

Leclerc D, Odièvre M, Wu Q, Wilson A, Huizenga JJ, Rozen R, Scherer SW, Gravel RA (Nov 1999).  
“Molecular cloning, expression and physical mapping of the human methionine synthase reductase 
gene”. Gene 240 (1): 75–88. PMID 10564814.  

Doolin MT, Barbaux S, McDonnell M, Hoess K, Whitehead AS, Mitchell LE (Nov 2002). “Maternal genetic  
effects, exerted by genes involved in homocysteine remethylation, influence the risk of spina bifida” . 
American Journal of Human Genetics 71 (5): 1222–6... PMID 12375236.  

Pietrzyk JJ,Bik-Multanowski M,Sanak M,Twardowska M (2003).“Polymorphisms of the 5,10- 
methylenetetrahydrofolate and the methionine synthase reductase genes as independent risk factors for 
spina bifida”. Journal of Applied Genetics 44 (1): 111–3. PMID 12590188.  

Zhu H, Wicker NJ, Shaw GM, Lammer EJ, Hendricks K, Suarez L, Canfield M, Finnell RH (Mar 2003).  
“Homocysteine remethylation enzyme polymorphisms and increased risks for neural tube defects”. 
Molecular Genetics and Metabolism 78 (3): 216–21. PMID 12649067.  

Brilakis ES, Berger PB, Ballman KV, Rozen R (Jun 2003). “Methylenetetrahydrofolate reductase (MTHFR)  
677C>T and methionine synthase reductase (MTRR) 66A>G polymorphisms: association with serum 
homocysteine and angiographic coronary artery disease in the era of flour products fortified with folic 
acid”.Atherosclerosis 168 (2): 315–22. doi:10.1016/S0021-9150(03)00098-4. PMID 12801615.  

Beyer K, Lao JI, Latorre P, Riutort N, Matute B, Fernández- Figueras MT, Mate JL, Ariza A (Jul 2003).  
“Methionine synthase polymorphism is a risk factor for Alzheimer disease”. NeuroReport 14 (10): 
1391–4. doi:10.1097/01. wnr.0000073683.00308.0e . PMID 12876480.  

Bosco P, Guéant-Rodriguez RM, Anello G, Barone C, Namour F, Caraci F, Romano A, Romano C, Guéant JL  
(Sep 2003). “Methionine synthase (MTR) 2756 (A --> G) polymorphism, double heterozygosity 
methionine synthase 2756 AG/ methionine synthase reductase (MTRR) 66 AG, and elevated 
homocysteinemia are three risk factors for having a child with Down syndrome”. American Journal of 
Medical Genetics. Part A 121A (3): 219–24. PMID 12923861.  

Olteanu H, Wolthers KR, Munro AW, Scrutton NS, Banerjee R (Feb 2004). “Kinetic and thermodynamic  
characterization of the common polymorphic variants of human methionine synthase reductase”. 
Biochemistry 43(7): 1988–97. PMID 14967039.  

Vaughn JD, Bailey LB, Shelnutt KP, Dunwoody KM, Maneval DR, Davis SR, Quinlivan EP, Gregory  
JF,Theriaque DW, Kauwell GP (Nov 2004).“Methionine synthase reductase 66A->G polymorphism is 
associated with increased plasma homocysteine concentration when combined with the homozygous 
methylenetetrahydrofolate reductase 677C- >T variant”. The Journal of Nutrition 134 (11): 2985–90. 
PMID 15514263. Neurotransmitter SNPs 



COMT  

Grossman MH, Emanuel BS, Budarf ML (April 1992). “Chromosomal mapping of the human catechol-O- 
methyltransferase gene to 22q11.1-q11.2”. Genomics 12 (4): 822–5. PMID 1572656.  

Tai CH, Wu RM (February 2002). “Catechol-O-methyltransferase and Parkinson’s disease”. Acta Med.  
Okayama 56 (1): 1–6. PMID 11873938.  

Axelrod J (August 1957). “O-Methylation of Epinephrine and Other Catechols in vitro and in vivo”.Science  
126 (3270): 400– 1. PMID 13467217.  

Ulmanen I, Peränen J, Tenhunen J, Tilgmann C, Karhunen T, Panula P, Bernasconi L, Aubry JP, Lundström K 
(1997). “Expression and Intracellular Localization of Catechol O-methyltransferase in Transfected 
Mammalian Cells”. European Journal of Biochemistry 243 (1–2): 452–9. PMID 9030772.   

Golan, David E.; Armen H. Tashjian Jr. Principles of pharmacology (3rd ed.). Philadelphia: Wolters Kluwer  
Health. p. 135. ISBN 1-60831-270-4.  

Stein MB, Fallin MD, Schork NJ, Gelernter J (November 2005). “COMT polymorphisms and anxiety-related  
personality traits”. Neuropsychopharmacology 30 (11): 2092–102.PMID 15956988.  

Lotta T, Vidgren J, Tilgmann C, Ulmanen I, Melén K, Julkunen I, Taskinen J (April 1995). “Kinetics of human 
soluble and membrane-bound catechol O-methyltransferase: a revised mechanism and description  
of the thermolabile variant of the enzyme”. Biochemistry 34 (13): 4202–10. PMID 7703232.  

Chen J, Lipska BK, Halim N, Ma QD, Matsumoto M, Melhem S, Kolachana BS, Hyde TM, Herman MM,  
Apud J, Egan MF, Kleinman JE, Weinberger DR (2004). “Functional analysis of genetic variation in 
catechol-O- methyltransferase (COMT): effects on mRNA, protein, and enzyme activity in 
postmortem human brain”. American Journal of Human Genetics 75 (5): 807–21. PMID 15457404.  

Bruder GE, Keilp JG, Xu H, Shikhman M, Schori E, Gorman JM, Gilliam TC (December 2005). “Catechol-O- 
methyltransferase (COMT) genotypes and working memory: associations with differing cognitive 
operations”. Biol. Psychiatry 58 (11): 901–7. PMID 16043133.  

Robinson S, Goddard L, Dritschel B, Wisley M, Howlin P (2009). “Executive functions in children with  
autism spectrum disorders”. Brain Cogn. 71 (3): 362–368. . PMID 19628325.  

Diamond et al. (2004). Genetic and neurochemical modulation of prefrontal cognitive functions in children”  
The American Journal of Psychiatry 161, no. 1: 125-132  

Wichers M, Aguilera M, Kenis G, Krabbendam L, Myin-Germeys I, Jacobs N, Peeters F, Derom C, Vlietinck  
R, Mengelers R, Delespaul P, van Os J (December 2008). “The catechol-O-methyl transferase 
Val158Met polymorphism and experience of reward in the flow of daily life”. 
Neuropsychopharmacology 33(13): 3030–6. PMID 17687265.  

Bonifácio MJ, Palma PN, Almeida L, Soares-da-Silva P (2007). “Catechol- O-methyltransferase and its  
inhibitors in Parkinson’s disease”. CNS Drug Rev 13 (3): 352–79.PMID 17894650.  

MAOB  

“Entrez Gene: MAOB monoamine oxidase B”. Edmondson DE, Binda C, Mattevi A (August 2007).  
 
“Structural insights into the mechanism of amine oxidation by monoamine oxidases A and B”. Arch. Biochem. 

Biophys. 464 (2): 269–76. PMID 17573034. 
 
Nolen WA, Hoencamp E, Bouvy PF, Haffmans PM (1993). “Reversible monoamine oxidase-A inhibitors in  

resistant major depression”. Clin Neuropharmacol 16 (Suppl 2): S69–76. PMID 8313400. 

Riederer P, Laux G (March 2011). “MAO-inhibitors in Parkinson’s Disease”. Exp Neurobiol 20 (1): 1– 
17. PMID 22110357. 



Saura J, Luque JM, Cesura AM, Da Prada M, Chan-Palay V, Huber G, Löffler J, Richards JG (September  
1994). “Increased monoamine oxidase B activity in plaque-associated astrocytes of Alzheimer brains 
revealed by quantitative enzyme radioautography”. Neuroscience 62(1): 15–30. PMID 7816197.  

Mallajosyula JK, Chinta SJ, Rajagopalan S, Nicholls DG, Andersen JK (October 2009).“Metabolic control  
analysis in a cellular model of elevated MAO-B: relevance to Parkinson’s disease” . Neurotox Res 16 
(3): 186–93. PMID 19526285.  

Nagatsu T, Sawada M (2006). “Molecular mechanism of the relation of monoamine oxidase B and its  
inhibitors to Parkinson’s disease: possible implications of glial cells”. J. Neural Transm. Suppl. Journal 
of Neural Transmission. Supplementa 71 (71): 53–65 PMID 17447416.  

Kumar MJ, Andersen JK (August 2004). “Perspectives on MAO-B in aging and neurological disease: where  
do we go from here?”. Mol. Neurobiol. 30 (1): 77–89. PMID 15247489.  

Shih JC, Chen K (1999). “MAO-A and -B gene knock-out mice exhibit distinctly different behavior”.  
Neurobiology (Bp) 7 (2): 235–46. PMID 10591056.  

Shih JC, Chen K, Ridd MJ (1999). “Monoamine oxidase: from genes to behavior.” Annual Review of  
Neuroscience 22: 197–217.doi:10.1146/ annurev.neuro.22.1.197. PMC 2844879. PMID 10202537.  

Bortolato M, Godar SC, Davarian S, Chen K, Shih JC (December 2009). “Behavioral disinhibition and  
reduced anxiety-like behaviors in monoamine oxidase B-deficient mice.” Neuropsychopharmacology: 
official publication of the American College of Neuropsychopharmacology 34 (13): 2746–57. 
doi:10.1038/ npp.2009.118 . PMC 2783894. PMID 19710633.  

Miller GM (January 2011). “The emerging role of trace amine-associated receptor 1 in the functional  
regulation of monoamine transporters and dopaminergic activity” . J. Neurochem. 116 (2): 164–
176. doi:10.1111/ j.1471-4159.2010.07109.x . PMC 3005101.PMID 21073468.  

Ukraintseva SV, Arbeev KG, Michalsky AI, Yashin AI (June 2004). “Antiaging treatments have been legally  
prescribed for approximately thirty years”. Ann. N. Y. Acad. Sci. 1019: 64–
9. doi:10.1196/annals.1297.014. PMID 15246996.  

GAD1  

Kelly CD, Edwards Y, Johnstone AP, Harfst E, Nógrádi A, Nussey SS, Povey S, Carter ND (1992).  
“Nucleotide sequence and chromosomal assignment of a cDNA encoding the large isoform of human 
glutamate decarboxylase”. Ann. Hum. Genet. 56 (Pt 3): 255–65... PMID 1339255.  

Giorda R, Peakman M, Tan KC, Vergani D, Trucco M (1991). “Glutamic acid decarboxylase expression in  
islets and brain”. Lancet 338 (8780): 1469–70. PMID 1683463.  

Dirkx R, Thomas A, Li L, Lernmark A, Sherwin RS, De Camilli P, Solimena M (1995). “Targeting of the 67- 
kDa isoform of glutamic acid decarboxylase to intracellular organelles is mediated by its interaction 
with the NH2- terminal region of the 65-kDa isoform of glutamic acid decarboxylase”. J. Biol. Chem. 
270 (5): 2241–6. PMID 7836456.  

Bu DF, Tobin AJ (1994). “The exon-intron organization of the genes (GAD1 and GAD2) encoding two human 
glutamate decarboxylases (GAD67 and GAD65) suggests that they derive from a common ancestral 
GAD”. Genomics 21 (1): 222–8. PMID 8088791.  

Asada H, Kawamura Y, Maruyama K, Kume H, Ding R, Ji FY, Kanbara N, Kuzume H, Sanbo M, Yagi T,  
Obata K (1996). “Mice lacking the 65 kDa isoform of glutamic acid decarboxylase (GAD65) maintain 
normal levels of GAD67 and GABA in their brains but are susceptible to seizures”. Biochem. 
Biophys. Res. Commun. 229 (3): 891–5. PMID 8954991.  

McHale DP, Mitchell S, Bundey S, Moynihan L, Campbell DA, Woods CG, Lench NJ, Mueller RF, Markham  



AF (1999). “A gene for autosomal recessive symmetrical spastic cerebral palsy maps to chromosome 
2q24- 25” .Am. J. Hum. Genet. 64 (2): 526–32. PMID 9973289.  

Demakova EV, Korobov VP, Lemkina LM (2003). “[Determination of gamma-aminobutyric acid  
concentration and activity of glutamate decarboxylase in blood serum of patients with multiple 
sclerosis]”. Klin. Lab. Diagn. (4): 15–7. PMID 12774663.  

Mitochondrial SNP References  

ATP5C1  

Yoshida M, Muneyuki E, Hisabori T (2001). “ATP synthase--a marvellous rotary engine of the cell”. Nat. Rev. 
Mol. Cell Biol. 2 (9): 669–77. . PMID 11533724.  

Cross RL (2004). “Molecular motors: turning the ATP motor”. Nature 427 (6973): 407–417. PMID 14749816  
Deloukas P, Earthrowl ME, Grafham DV, et al. (2004). “The DNA sequence and comparative analysis 
of human chromosome 10”. Nature 429 (6990): 375–81. doi:10.1038/nature02462. PMID 15164054  

Sequence analysis and mapping of a novel human mitochondrial ATP synthase subunit 9 cDNA (ATP5G3).  
Yan W.L.... Gusella J.F. (Genomics 1994) PMID 7698763  
 

The status, quality, and expansion of the NIH full-length cDNA project: the Mammalian Gene Collection  
(MGC). Gerhard D.S.... Malek J. (Genome Res. 2004) PMID 15489334  

Generation and annotation of the DNA sequences of human chromosomes 2 and 4. Hillier L.W.... Wilson  
R.K. (Nature 2005) PMID 15815621  

ATP5G3  

Cross RL (2004). “Molecular motors: turning the ATP motor.” Nature 427 (6973): 407–8.  
doi:10.1038/427407b. .  

Dyer MR, Walker JE (1993). “Sequences of members of the human gene family for the c subunit of  

mitochondrial ATP synthase.” . Biochem. J. 293 (1): 51–64... PMID 8328972.  

Gerhard DS, Wagner L, Feingold EA; et al. (2004). “The status, quality, and expansion of the NIH full-length  
cDNA project: the Mammalian Gene Collection (MGC).” . Genome Res. 14 (10B): 2121–
7.doi:10.1101/ gr.2596504. PMC 528928. PMID 15489334  

Sequence analysis and mapping of a novel human mitochondrial ATP synthase subunit 9 cDNA (ATP5G3).  
Yan W.L.... Gusella J.F. (Genomics 1994) PMID 7698763  

The status, quality, and expansion of the NIH full-length cDNA project: the Mammalian Gene Collection  
(MGC). Gerhard D.S.... Malek J. (Genome Res. 2004) PMID 15489334  

Generation and annotation of the DNA sequences of human chromosomes 2 and 4. Hillier L.W.... Wilson  
R.K. (Nature 2005) PMID 15815621  

COX5A  

A systematic mutation screen of 10 nuclear and 25 mitochondrial candidate genes in 21 patients with  



cytochrome c oxidase (COX) deficiency shows tRNA(Ser)(UCN) mutations in a subgroup with 
syndromal encephalopathy. Jaksch, M., Hofmann, S., Kleinle, S., Liechti-Gallati, S., Pongratz, D.E., 
Müller-Höcker, J., Jedele, K.B., Meitinger, T., Gerbitz, K.D. J. Med. Genet. (1998) [ Pubmed]  

Mitochondrial DNA deletions are abundant and cause functional impairment in aged human substantia nigra  
neurons. Kraytsberg, Y., Kudryavtseva, E., McKee, A.C., Geula, C., Kowall, N.W., Khrapko, K. Nat. 
Genet. (2006)   

Defects in cytochrome oxidase assembly in humans: lessons from yeast. Zee, J.M., Glerum, D.M. Biochem.  
Cell Biol. (2006)  

An mtDNA mutation in the initiation codon of the cytochrome C oxidase subunit II gene results in lower levels 
of the protein and a mitochondrial encephalomyopathy. Clark, K.M., Taylor, R.W., Johnson, M.A., 
Chinnery, P.F., Chrzanowska-Lightowlers, Z.M., Andrews, R.M., Nelson, I.P., Wood, N.W., Lamont, 
P.J., Hanna, M.G., Lightowlers, R.N., Turnbull, D.M. Am. J. Hum. Genet. (1999)  

The structure of mammalian cyclooxygenases. Garavito, R.M., Mulichak, A.M. Annual review of biophysics  
and biomolecular structure. (2003)  

COX6C  

Lenka N, Vijayasarathy C, Mullick J, Avadhani NG (1998). “Structural organization and transcription  
regulation of nuclear genes encoding the mammalian cytochrome c oxidase complex.”. Prog. Nucleic 
Acid Res. Mol. Biol. 61: 309–44. doi:10.1016/S0079-6603(08)60830-2. PMID 9752724.  

Ewing RM, Chu P, Elisma F; et al. (2007). “Large-scale mapping of human protein-protein interactions by  
mass spectrometry.” . Mol. Syst. Biol. 3 (1): 89. doi:10.1038/msb4100134. PMC 1847948. PMID 
17353931.  

Gerhard DS, Wagner L, Feingold EA; et al. (2004). “The status, quality, and expansion of the NIH full-length  
cDNA project: the Mammalian Gene Collection (MGC).” . Genome Res. 14 (10B): 2121–
7.doi:10.1101/ gr.2596504. PMC 528928. PMID 15489334.  

Strausberg RL, Feingold EA, Grouse LH; et al. (2003). “Generation and initial analysis of more than 15,000  
full-length human and mouse cDNA sequences.”. Proc. Natl. Acad. Sci. U.S.A. 99 (26): 16899–903. 
doi:10.1073/pnas.242603899. PMC 139241. PMID 12477932.  

Kish SJ, Mastrogiacomo F, Guttman M; et al. (1999). “Decreased brain protein levels of cytochrome oxidase  
subunits in Alzheimer’s disease and in hereditary spinocerebellar ataxia disorders: a nonspecific 
change?”. J. Neurochem. 72 (2): 700–7. doi:10.1046/j.1471- 4159.1999.0720700.x. PMID 9930743.  

Otsuka M, Mizuno Y, Yoshida M; et al. (1989). “Nucleotide sequence of cDNA encoding human cytochrome  
c oxidase subunit VIc.”. Nucleic Acids Res. 16 (22): 10916. doi:10.1093/nar/16.22.10916. PMC 
338951. PMID 2849755. Assignment of the human genes coding for cytochrome c oxidase subunits 
Va (COX5A), VIc (COX6C) and VIIc (COX7C) to chromosome bands 15q25, 8q22-->q23 and 5q14 
and of three pseudogenes (COX5AP1, COX6CP1, COX7CP1) to 14q22, 16p12 and 13q14-->q21 by 
FISH and radiation hybrid mapping. (PMID: 10072584) Hofmann S.... Meitinger T. (Cytogenet. Cell 
Genet. 1998)  

NDUFS7  

Smeitink J, van den Heuvel L (1999). “Human mitochondrial complex I in health and disease”. Am. J. Hum.  
Genet. 64 (6): 1505–10.doi:10.1086/302432. PMC 1377894. PMID 10330338.  

Loeffen JL, Triepels RH, van den Heuvel LP, et al. (1999). “cDNA of eight nuclear encoded subunits of  
NADH:ubiquinone oxidoreductase: human complex I cDNA characterization completed”. Biochem. 
Biophys. Res. Commun. 253 (2): 415–22. doi:10.1006/bbrc.1998.9786. PMID 9878551.  



Ota T, Suzuki Y, Nishikawa T, et al. (2004). “Complete sequencing and characterization of 21,243 full-length  
human cDNAs”. Nat. Genet. 36 (1): 40–5. doi:10.1038/ng1285. PMID 14702039.  

Ugalde C, Janssen RJ, van den Heuvel LP, et al. (2004). “Differences in assembly or stability of complex I and 
other mitochondrial OXPHOS complexes in inherited complex I deficiency”. Hum. Mol. Genet. 13 
(6): 659–67. doi:10.1093/hmg/ddh071. PMID 14749350.  

The subunit composition of the human NADH dehydrogenase obtained by rapid one-step immunopurification.  
(PMID: 12611891) Murray J.... Capaldi R.A. (J. Biol. Chem. 2003)  

UQCRC2  

Hosokawa Y, Suzuki H, Toda H, et al. (1990). “The primary structure of the precursor to core protein II, a  
putative member of mitochondrial processing protease family, of rat mitochondrial cytochrome bc1 
complex deduced from cDNA sequence analysis.”. Biochem. Int. 20 (4): 731–7.  

Hu WH, Hausmann ON, Yan MS, et al. (2002). “Identification and characterization of a novel Nogo- 
interacting mitochondrial protein (NIMP).”. J. Neurochem. 81 (1): 36–45. doi:10.1046/j.1471-
4159.2002...  

Strausberg RL, Feingold EA, Grouse LH, et al. (2003). “Generation and initial analysis of more than 15,000  
full-length human and mouse cDNA sequences.” . Proc. Natl. Acad. Sci. U.S.A. 99 (26): 16899–903. 
doi:10.1073/pnas.242603899. .  

Ota T, Suzuki Y, Nishikawa T, et al. (2004). “Complete sequencing and characterization of 21,243 full-length  
human cDNAs.”. Nat. Genet. 36 (1): 40–5. doi:10.1038/ng1285. .  

Gerhard DS, Wagner L, Feingold EA, et al. (2004). “The status, quality, and expansion of the NIH full-length  
cDNA project: the Mammalian Gene Collection (MGC).” . Genome Res. 14 (10B): 2121–
7.doi:10.1101/ gr.2596504...  

Rual JF, Venkatesan K, Hao T, et al. (2005). “Towards a proteome-scale map of the human protein-protein  
interaction network.”. Nature 437 (7062): 1173–8. doi:10.1038/nature04209..  

Ewing RM, Chu P, Elisma F, et al. (2007). “Large-scale mapping of human protein-protein interactions by  
mass spectrometry.” . Mol. Syst. Biol. 3 (1): 89. doi:10.1038/msb4100134..  

“Complementary DNA encoding core protein II of human mitochondrial cytochrome bc1 complex. Substantial 
diversity in deduced primary structure from its yeast counterpart. ” Hosokawa Y., Suzuki H., Toda 
H., Nishikimi M., Ozawa T. J. Biol. Chem. 264:13483-13488(1989)  

Detoxification SNP References  

CBS699  

Meier M, Janosik M, Kery V, Kraus JP, Burkhard P (August 2001). “Structure of human cystathionine beta- 
synthase: a unique pyridoxal 5’-phosphate-dependent heme protein” . The EMBO Journal 20 (15): 
3910–6. PMID 11483494.  

“Entrez Gene: CBS cystathionine-beta-synthase”.  

Janosík M, Kery V, Gaustadnes M, Maclean KN, Kraus JP (September 2001). “Regulation of human  
cystathionine beta-synthase by S-adenosyl- L-methionine: evidence for two catalytically active 
conformations involving an autoinhibitory domain in the C-terminal region”.Biochemistry 40 (35): 
10625–33. doi:10.1021/bi010711p. PMID 11524006.  

Banerjee R, Zou CG (January 2005). “Redox regulation and reaction mechanism of human cystathionine-beta- 
synthase: a PLP-dependent hemesensor protein”. Archives of Biochemistry and Biophysics 433 (1): 
144–56. PMID 15581573.  



Yamanishi M, Kabil O, Sen S, Banerjee R (December 2006). “Structural insights into pathogenic mutations in  
heme-dependent cystathionine- beta-synthase”. Journal of Inorganic Biochemistry 100 (12): 1988–95. 
PMID 17069888. 

Jhee KH, Kruger WD (2005). “The role of cystathionine beta-synthase in homocysteine metabolism”.  
Antioxidants & Redox Signaling7 (5–6):813–22. doi:10.1089/ars.2005.7.813. PMID 15890029. 

Ignoul S, Eggermont J (December 2005). “CBS domains: structure, function, and pathology in human  
proteins”. American Journal of Physiology. Cell Physiology 289 (6): C1369–78. doi:10.1152/ 
ajpcell.00282.2005 . PMID 16275737. 

Pranik M, Weeks CL, Lahaye D, Kabil O, Taoka S, Nielsen SB, Groves JT, Banerjee R, Spiro TG (May 2006). 
“Dynamics of carbon monoxide binding to cystathionine beta-synthase”. The Journal of Biological 
Chemistry 281 (19): 13433–8. PMID 16505479.  

GSTP1  

Strange RC, Fryer AA (1999). “The glutathione S-transferases: influence of polymorphism on cancer  
susceptibility”. IARC Sci. Publ. (148): 231–49. PMID 10493261.  

Kellen E, Hemelt M, Broberg K, Golka K, Kristensen VN, Hung RJ, Matullo G, Mittal RD, Porru S, Povey A,  
Schulz WA, Shen J, Buntinx F, Zeegers MP, Taioli E (2007). “Pooled analysis and meta-analysis of 
the glutathione S-transferase P1 Ile 105Val polymorphism and bladder cancer: a HuGE- GSEC 
review”. Am. J. Epidemiol. 165 (11): 1221–30. doi:10.1093/aje/ kwm003. PMID 17404387.  

Sekine I, Minna JD, Nishio K, Tamura T, Saijo N (2006). “A literature review of molecular markers predictive 
of clinical response to cytotoxic chemotherapy in patients with lung cancer”. J Thorac Oncol 1 (1): 31–
7. doi:10.1097/01243894-200601000-00008. PMID 17409824.  

Buch SC, Notani PN, Bhisey RA (2002). “Polymorphism at GSTM1, GSTM3 and GSTT1 gene loci and  
susceptibility to oral cancer in an Indian population.”. Carcinogenesis 23 (5): 803–7. PMID 12016153  

Gerhard DS, Wagner L, Feingold EA, et al. (2004). “The status, quality, and expansion of the NIH full-length  
cDNA project: the Mammalian Gene Collection (MGC).” . Genome Res. 14 (10B): 2121–7.PMID 
15489334  

SOD2  

“Entrez Gene: SOD2 superoxide dismutase 2, mitochondrial”.  

Becuwe P, Ennen M, Klotz R, Barbieux C, Grandemange S (Dec 2014).  “Manganese superoxide dismutase in  
breast cancer: from molecular mechanisms of gene regulation to biological and clinical significance”. 
Free Radical Biology & Medicine77: 139/51. PMID 25224035.  

Perry JJ, Hearn AS, Cabelli DE, Nick HS, Tainer JA, Silverman DN (Apr 2009). “Contribution of human  
manganese superoxide dismutase tyrosine 34 to structure and catalysis”. Biochemistry 48 (15): 3417–
24. PMID 19265433.  

Danial, NN; Korsmeyer, SJ (23 January 2004). “Cell death: critical control points.” Cell116 (2): 205–19.  
PMID 14744432.  

Kerr JF, Wyllie AH, Currie AR (Aug 1972). “Apoptosis: a basic biological phenomenon with wide-ranging  
implications in tissue kinetics”. British Journal of Cancer 26 (4): 239–57. PMID 4561027.  

Murray CJ, Lopez AD (May 1997). “Alternative projections of mortality and disability by cause 1990-2020:  
Global Burden of Disease Study”. Lancet 349 (9064): 1498–504.PMID 9167458.  

Muller FL, Lustgarten MS, Jang Y, Richardson A, Van Remmen H (Aug 2007). “Trends in oxidative aging  



theories”. Free Radical Biology & Medicine 43 (4): 477–503. PMID 17640558.  

Van Remmen H, Ikeno Y, Hamilton M, Pahlavani M, Wolf N, Thorpe SR, Alderson NL, Baynes JW, Epstein  
CJ, Huang TT, Nelson J, Strong R, Richardson A (Dec 2003). “Life-long reduction in MnSOD activity 
results in increased DNA damage and higher incidence of cancer but does not accelerate aging”. 
Physiological Genomics 16 (1): 29–37. PMID 14679299.  

NAT2  

Vatsis KP, Weber WW, Bell DA, Dupret JM, Evans DA, Grant DM, Hein DW, Lin HJ, Meyer UA, Relling  
MV (February 1995). “Nomenclature for N-acetyltransferases”. Pharmacogenetics 5 (1): 1–17. PMID 
7773298.  

“Entrez Gene: NAT2 N-acetyltransferase 2 (arylamine N-acetyltransferase)”.  

“NAT2PRED: a computational predictor of the human N-AcetylTransferase-2 (NAT2) acetylator phenotype”.  
State University of New York – Albany. Retrieved 2009-04-30.  

Agúndez JA (2008). “Polymorphisms of human N-acetyltransferases and cancer risk”. Curr. Drug Metab. 9  
(6): 520–31. PMID 18680472.  

Windmill KF, McKinnon RA, Zhu X, Gaedigk A, Grant DM, McManus ME (1997).“The role of xenobiotic  
metabolizing enzymes in arylamine toxicity and carcinogenesis: functional and localization studies”. 
Mutat. Res.376 (1-2): 153–60.PMID 9202751.  

Ochs-Balcom HM, Wiesner G, Elston RC (2007). “A meta- analysis of the association of N-acetyltransferase 2 
gene (NAT2) variants with breast cancer”. Am. J. Epidemiol. 166 (3): 246–54. PMID 17535831.  

Inflammatory SNPs  

DAO  

Localization of D-amino acid oxidase on the cell surface of human polymorphonuclear leukocytes. Robinson,  
J.M., Briggs, R.T., Karnovsky, M.J. J. Cell Biol. (1978) [ Pubmed]  

Molecular cloning and sequence analysis of cDNA encoding human kidney D-amino acid oxidase. Momoi, K., 
Fukui, K., Watanabe, F., Miyake, Y. FEBS Lett. (1988) [ Pubmed]  

Assignment of D-amino-acid oxidase gene to a human and a mouse chromosome. Konno, R. Amino Acids  
(2001) [Pubmed]  

A cell-based ultra-high-throughput screening assay for identifying inhibitors of D-amino acid oxidase.  
Brandish, P.E., Chiu, C.S., Schneeweis, J., Brandon, N.J., Leech, C.L., Kornienko, O., Scolnick, E.M., 
Strulovici, B., Zheng, W. Journal of biomolecular screening: the official journal of the Society for 
Biomolecular Screening. (2006) [ Pubmed]  

Molecular cloning and chromosomal localization of a human gene encoding D-amino-acid oxidase. Fukui, K.,  
Miyake, Y. J. Biol. Chem. (1992) [ Pubmed]  

FUT2  

Ball SP,Tongue N, Gibaud A, Le Pendu J, Mollicone R, Gerard G, Oriol R (Feb 1992).“The human  
chromosome 19 linkage group FUT1 (H), FUT2 (SE), LE, LU, PEPD, C3, APOC2, D19S7 and 
D19S9”. Ann Hum Genet 55 (Pt 3): 225–33. PMID 1763885.  

“Entrez Gene: FUT2 fucosyltransferase 2 (secretor status included)”. • Reguigne-Arnould I; Couillin P;  



Mollicone R; et al. (1995). “Relative positions of two clusters of human alpha-L-fucosyltransferases in 
19q (FUT1-FUT2) and 19p (FUT6-FUT3-FUT5) within the microsatellite genetic map of chromosome 
19”. Cytogenet. Cell Genet. 71 (2): 158–62. doi:10.1159/000134098. PMID 7656588.  

Koda Y, Soejima M, Wang B, Kimura H (1997). “Structure and expression of the gene encoding secretor-type  
galactoside 2-alpha-L- fucosyltransferase (FUT2)”. Eur. J. Biochem. 246 (3): 750–5.  

Strausberg RL; Feingold EA; Grouse LH; et al. (2003). “Generation and initial analysis of more than 15,000  
full-length human and mouse cDNA sequences” . Proc. Natl. Acad. Sci. U.S.A. 99 (26): 16899–903. 
PMID 12477932.  

Kimura K; Wakamatsu A; Suzuki Y; et al. (2006). “Diversification of transcriptional modulation: large-scale  
identification and characterization of putative alternative promoters of human genes” . Genome Res. 
16 (1): 55–65. PMID 16344560.  

HLADQ1  

Schmidt H, Williamson D, Ashley-Koch A (2007). “HLA-DR15 haplotype and multiple sclerosis: a HuGE  
review.”. Am. J. Epidemiol. 165 (10): 1097–109. doi:10.1093/aje/kwk118. PMID 17329717.  

Marsh SG, Bodmer JG (1993). “HLA class II nucleotide sequences, 1992.” Tissue Antigens 40 (5): 229–43.  
PMID 1362295.  

Todd JA, Fukui Y, Kitagawa T, Sasazuki T (1990). “The A3 allele of the HLA-DQA1 locus is associated with  
susceptibility to type 1 diabetes in Japanese.” . Proc. Natl. Acad. Sci. U.S.A. 87 (3): 1094–8. . PMID 
2300572.  

Kao HT, Gregersen PK, Tang JC, et al. (1989). “Molecular analysis of the HLA class II genes in two DRw6- 
related haplotypes, DRw13 DQw1 and DRw14 DQw3.”. J. Immunol. 142 (5): 1743–7. PMID 
2493052.  

Jonsson AK, Hyldig-Nielsen JJ, Servenius B, et al. (1987). “Class II genes of the human major  
histocompatibility complex. Comparisons of the DQ and DX alpha and beta genes”. J. Biol. Chem. 
262 (18): 8767–77. PMID 3036828.  

Liu CP, Bach FH, Wu SK (1988). “Molecular studies of a rare DR2/ LD-5a/DQw3 HLA class II haplotype.  
Multiple genetic mechanisms in the generation of polymorphic HLA class II genes”. J. Immunol. 140 
(10): 3631–9. PMID 3129499.  

Horn GT, Bugawan TL, Long CM, et al. (1988). “Sequence analysis of HLA class II genes from insulin- 
dependent diabetic individuals”. Hum. Immunol. 21 (4): 249–63. PMID 3372263.  

Schiffenbauer J, Didier DK, Klearman M, et al. (1987). “Complete sequence of the HLA DQ alpha and DQ  
beta cDNA from a DR5/DQw3 cell line”. J. Immunol. 139 (1): 228–33. PMID 3584986. 

HLADQA2  

A combination of HLA-DQ beta Asp57-negative and HLA DQ alpha Arg52 confers susceptibility to insulin- 
dependent diabetes mellitus. Khalil, I., d’Auriol, L., Gobet, M., Morin, L., Lepage, V., Deschamps, I., 
Park, M.S., Degos, L., Galibert, F., Hors, J. J. Clin. Invest. (1990)  

Trans-encoded DQ alpha beta heterodimers confer susceptibility to myasthenia gravis disease. Khalil, I.,  
Berrih-Aknin, S., Lepage, V., Loste, M.N., Gajdos, P., Hors, J., Charron, D., Degos, L. C. R. Acad. 
Sci. III, Sci. Vie (1993)  

Celiac disease is associated with an extended HLA-DR3 haplotype which includes HLA-DPw1. Hall, M.A.,  



Lanchbury, J.S., Bolsover, W.J., Welsh, K.I., Ciclitira, P.J. Hum. Immunol. (1990) Polymorphic DQ 
alpha and DQ beta interactions dictate HLA class II determinants of allo-recognition. Kwok, W.W., 
Mickelson, E., Masewicz, S., Milner, E.C., Hansen, J., Nepom, G.T. J. Exp. Med. (1990)  

Evidence for a primary association of celiac disease to a particular HLA-DQ alpha/beta heterodimer. Sollid,  
L.M., Markussen, G., Ek, J., Gjerde, H., Vartdal, F., Thorsby, E. J. Exp. Med. (1989)  
HLA-DQA and DQB alleles contribute to susceptibility to insulin-dependent diabetes mellitus. Wang, 
H., He, R. Chin. Med. Sci. J. (1993)  

A family study confirms that the HLA-DP associations with celiac disease are the result of an extended HLA- 
DR3 haplotype. Bolsover, W.J., Hall, M.A., Vaughan, R.W., Welsh, K.I., Ciclitira, P.J. Hum. 
Immunol. (1991) The cryptic HLA-DQA2 (“DX alpha”) gene is expressed in human B cell lines. Yu, 
L.P., Sheehy, M.J. J. Immunol. (1991)  

HLA class II-associated genetic susceptibility in multiple sclerosis: a critical evaluation. Olerup, O., Hillert, J.  
Tissue Antigens (1991)Entrez Gene: HLA-DQA2 major histocompatibility complex, class II, DQ 
alpha 2”  

VDRTaq  

Lisse TS, Chun RF, Rieger S, Adams JS, Hewison M (June 2013). “Vitamin D activation of functionally  
distinct regulatory miRNAs in primary human osteoblasts”. J Bone Miner Res. 28 (6): 1478–14788. 
PMID 23362149.  

Fleet JC, Schoch RD (August 2010). “Molecular Mechanisms for Regulation of Intestinal Calcium Absorption  
by Vitamin D and Other Factors” . Crit Rev Clin Lab Sci 47 (4): 181–195. PMID 21182397.  

Germain P, Staels B, Dacquet C, Spedding M, Laudet V (December 2006). “Overview of nomenclature of  
nuclear receptors”. Pharmacol. Rev. 58 (4): 685–704... PMID 17132848.  

Adorini L, Daniel KC, Penna G (2006). “Vitamin D receptor agonists, cancer and the immune system: an  
intricate relationship”. Curr Top Med Chem 6 (12): 1297–
301. doi:10.2174/156802606777864890. PMID 16848743. 

“Entrez Gene: VDR vitamin D (1, 25- dihydroxyvitamin D3) receptor”.  

Jump up^ Luderer HF, Demay MB (July 2010). “The vitamin D receptor, the skin and stem cells”. J. Steroid  
Biochem. Mol. Biol. 121 (1–2): 314–6. PMID 20138991.  

Tagami T, Lutz WH, Kumar R, Jameson JL (December 1998). “The interaction of the vitamin D receptor with  
nuclear receptor corepressors and coactivators”. Biochem. Biophys. Res. Commun. 253 (2): 358–63. 
.PMID 9878542.  

Herdick M, Steinmeyer A, Carlberg C (June 2000). “Antagonistic action of a 25-carboxylic ester analogue of  
1alpha, 25-dihydroxy vitamin D3 is mediated by a lack of ligand-induced vitamin D receptor 
interaction with coactivators”. J. Biol. Chem. 275 (22): 16506–12. PMID 10748178.  

Baudino TA, Kraichely DM, Jefcoat SC, Winchester SK, Partridge NC, MacDonald PN (June 1998).  
“Isolation and characterization of a novel coactivator protein, NCoA-62, involved in vitamin D-
mediated transcription”. J. Biol. Chem. 273 (26): 16434–41. PMID 9632709.  

NOS2  

Linkage and association with the NOS2A locus on chromosome 17q11 in multiple sclerosis. Barcellos, L.F.,  
Begovich, A.B., Reynolds, R.L., Caillier, S.J., Brassat, D., Schmidt, S., Grams, S.E., Walker, K., 
Steiner, L.L., Cree, B.A., Stillman, A., Lincoln, R.R., Pericak-Vance, M.A., Haines, J.L., Erlich, H.A., 
Hauser, S.L., Oksenberg, J.R. Ann. Neurol. (2004) [ Pubmed]  



Association of a functional inducible nitric oxide synthase promoter variant with susceptibility to biopsy- 
proven giant cell arteritis. Gonzalez-Gay, M.A., Oliver, J., Sanchez, E., Garcia-Porrua, C., Paco, L., 
Lopez-Nevot, M.A., Ollier, W.E., Martin, J. J. Rheumatol. (2005) [ Pubmed]  

Nitric oxide synthase gene polymorphisms in Alzheimer’s disease and dementia with Lewy bodies. Singleton,  
A.B., Gibson, A.M., McKeith, I.G., Ballard, C.G., Edwardson, J.A., Morris, C.M. Neurosci. Lett. 
(2001) [ Pubmed] 

Nitric oxide and macrophage function. MacMicking, J., Xie, Q.W., Nathan, C. Annu. Rev. Immunol. (1997) [  
Pubmed]  

Nitric oxide in health and disease of the respiratory system. Ricciardolo, F.L., Sterk, P.J., Gaston, B., Folkerts,  
G. Physiol. Rev. (2004) [ Pubmed]  

Free radicals in the physiological control of cell function. Dröge, W. Physiol. Rev. (2002) [ Pubmed]  

Bidirectional regulation of osteoclast function by nitric oxide synthase isoforms. Brandi, M.L., Hukkanen, M.,  
Umeda, T., Moradi-Bidhendi, N., Bianchi, S., Gross, S.S., Polak, J.M., MacIntyre, I. Proc. Natl. Acad. 
Sci. U.S.A. (1995)[ Pubmed]  

Role of nitric oxide in Sjögren’s syndrome. Konttinen, Y.T., Platts, L.A., Tuominen, S.,  

Genetic variation in immunoregulatory pathways and atopic phenotypes in infancy. Hoffjan, S., Ostrovnaja, I.,  
Nicolae, D., Newman, D.L., Nicolae, R., Gangnon, R., Steiner, L., Walker, K., Reynolds, R., Greene, 
D., Mirel, D., Gern, J.E., Lemanske, R.F., Ober, C. J. Allergy Clin. Immunol. (2004) [ Pubmed]  

Regulation of nitric oxide synthesis by proinflammatory cytokines in human umbilical vein endothelial cells.  
Elevations in tetrahydrobiopterin levels enhance endothelial nitric oxide synthase specific  
activity.Rosenkranz-Weiss, P., Sessa, W.C., Milstien, S., Kaufman, S., Watson, C.A., Pober, J.S. J. 
Clin. Invest. (1994) [ Pubmed]  

Cross-talk between cyclooxygenase and nitric oxide pathways: prostaglandin E2 negatively modulates  
induction of nitric oxide synthase by interleukin 1. Tetsuka, T., Daphna-Iken, D., Srivastava, S.K., 
Baier, L.D., DuMaine, J., Morrison, A.R. Proc. Natl. Acad. Sci. U.S.A. (1994) [ Pubmed]  

Molecular cloning and expression of inducible nitric oxide synthase from human hepatocytes. Geller, D.A.,  
Lowenstein, C.J., Shapiro, R.A., Nussler, A.K., Di Silvio, M., Wang, S.C., Nakayama, D.K., 
Simmons, R.L., Snyder, S.H., Billiar, T.R. Proc. Natl. Acad. Sci. U.S.A. (1993) [ Pubmed]  

Role of interferon regulatory factor 1 in induction of nitric oxide synthase. Martin, E., Nathan, C., Xie, Q.W. J. 
Exp. Med. (1994) [Pubmed]  

Physiology and pathophysiology of nitric oxide. Ignarro, L.J. Kidney Int. Suppl. (1996) [ Pubmed]  

Regulation of the mammalian heart function by nitric oxide. Massion, P.B., Pelat, M., Belge, C., Balligand,  
J.L. Comp. Biochem. Physiol., Part A Mol. Integr. Physiol. (2005) [ Pubmed]  

Association of elevated glial expression of interleukin-1beta with improved survival in patients with  
glioblastomas multiforme. Cuny, E., Loiseau, H., Penchet, G., Ellie, E., Arsaut, J., Vital, A., 
Vincendeau, P., Demotes- Mainard, J. J. Neurosurg. (2002) [ Pubmed]  

Platelet phagocytosis and processing of beta-amyloid precursor protein as a mechanism of macrophage  
activation in atherosclerosis.De Meyer, G.R., De Cleen, D.M., Cooper, S., Knaapen, M.W., Jans, 
D.M., Martinet, W., Herman, A.G., Bult, H., Kockx, M.M. Circ. Res. (2002) [ Pubmed]  

Modulation of prostaglandin biosynthesis by nitric oxide and nitric oxide donors. Mollace, V., Muscoli, C.,  
Masini, E., Cuzzocrea, S., Salvemini,D. Pharmacol. Rev. (2005) [Pubmed]  

Expression of type II nitric oxide synthase in primary human astrocytes and microglia: role of IL-1beta and IL- 
1 receptor antagonist. Liu, J., Zhao, M.L., Brosnan, C.F., Lee, S.C. J. Immunol. (1996) [ Pubmed]  



 
  

 


	Claim Credit Instructions
	Section 1 Dr. Stewart
	Section 2 Dr. Stewart
	Dan Purser Lecture
	References - Dr. Stewart



