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Presentation Learning Objectives

After participating in this presentation, learners
should be better able to:

e Use precision medicine to provide insight in
assessing toxicity and nutrient insufficiency

e Use data to identify mechanisms of toxic burden

 Employ nutrient interventions to reduce risk of
toxicity.



Presentation Clinical Actions

After participating in this presentation, clinicians
should be better able to:

 Recognize that while precision medicine as applied to
nutrition has strengths, it also has some pitfalls and
that as our knowledge evolves over the next years,
so will its application in practice.



Pheno from
Greek ‘phaino’ = shinir
Greek ‘phainein’ = t

Phenotype = How
we each show up
and shine



Creating Health...

That we may live as our Highest
Potential Phenotype



Topol, Cell 157, 2014 Constructome
Connectome



| think that | shall never see
A poem lovely as a tree.

A tree whose hungry mouth is prest
Against the earth’s sweet flowing
breast;

A tree that looks at God all day,
And lifts her leafy arms to pray;

A tree that may in Summer wear
A nest of robins in her hair;

Upon whose bosom snow has lain;
Who intimately lives with rain.

Poems are made by fools like me,
But only God can make a tree.

-Joyce Kilmer




By Krzysztof P. Jasiutowicz - first upload pl.wikipedia 11:26, 10 jul (lipiec) 2004 by Kpjas as pl:Grafika:Lisc lipy.jpg, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=166598
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Digging Deeper in Assessment

Genomics

e Mitomics

e CNVs

e VVUS

e Microbiome

Connectomics Metablolomics
e QEEG e Lipomics
e fTMRI e Toxomics

e Microbiome



Genetic Origins of Individual
Variations in Metabolism

More than 100 years ago, Archibald Garrod
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already suggested a link between chemical
individuality and predisposition to disease.

INBORN ERRORS OF ‘......merely extreme examples of variations

of chemical behaviour which are probably

METABOLISM everywhere present in minor degrees’ and

that this ‘chemical individuality [confers]

B . .y . o\
d predisposition to and immunities from the
ARCHIBALD E. GARROD, K.C.M.G. various mishaps which are spoken of as
D.M., LL.D., F.R.5., F.R.C.P. H V]
Regins Professor of Medicing in the University of Oxford d’seases
Consieliing Physician to St, Bartholomew's Hospital .
T it o 1he Hospital far Sick Childven -Archibald Garrod

First Edition 1908
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A brief History of metabolomics

Quantitative Analysis of Urine Vapor and Breath by Gas=
Partition ﬂhmmllngrnph}'

{orthomolecalar medicisne/vitamine contrslbed dizt]

LINUS PAULING®*, ARTHUR B, ROBINSON®, ROY TERANIEHIT, AND PAUL CARY®

& Diepartomenl of Chenistry, Stanford Univensdy, Bisalerd, Craldoonis 28308, wed | Westesn [Leganal
Lalssratory, U8, Depari=esd ol Agricultom

Condritiated by Linns Pouiing, July 85, 1571

metabolomics developed by Pauling in 1970

the term metabolomics first used in 1998
— Oliver SG et al (1998). Trends Biotechnol 16:373

Metabolomics Society founded 2004

January 23rd, 2007 first draft of the human
metabolome “completed”



Examples of metablolites

Peptides
Oligonucleotides
Sugars
Nucleosides
Organic acids
Ketones
aldehydes

Amines
Amino acids
Lipids
Steroids
Alkaloids
Drugs
Xenobiotics



~200,000 Little knowledge

compounds N Complexity about network
theorized in human . regulation
biology Of Metabolite
Medicine
7 orders of / \ Paucity of
magnitude normative
dynamic range Databases
Diverse Chemistry, No standards on
No Amplification reporting or
Inadequate publishing
Genome metabolomic

annotation patterns



Data



Heat Maps —

Need
Normative
Database

Or True
Quantitative
Measures



ldentifying Hubs of Interest



Comparlng9 sample-s W-See the Forest AND thg Trees™

~Where to ZOOM IN?




Visualizing Data

Biological insight/

biomarkers




Cluster Analylis - Comparing 9 samples.
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2015 MaxWell Brain  David Haase, MD



Lipid Cluster -
Blue — Low
Red — High

Steroids and PUFAs
very low.

2015

MaxWell Brain

David Haase, MD



Hubs of Interest



TCA cycle organic acid analysis, with cofactors. Where is the Defect?




Zoom in on CoQ10.

2015 MaxWell Brain  David Haase, MD



Microbiome



Comprehensive Coverage of the

Microbiome Metabolism

3- hydroxyphen ylacetate
3,4-dihydroxyphenylacetate
phenylacetylglutamine
phenylacetylglycine
2-(4-hydroxyphenyl)propionate
3-(3-hydroxyphenyl)propionate
3-(4-hydroxyphenyl)propionate
3-phenylpropionate

phenol sulfate
4-hydroxycinnamate
indolelactate

indoleacetate
indole-3-carboxylic acid
n-acetyltryptophan

3-indoxyl sulfate
indolepropionate

Skatol

indoleacetylglutamine

caaaverine
Short chain FA: putrescine
valerate spermidine
Isovalerate spermine
Methylpropionate .
Lipids: polyamine
Lyso-PC, lyso-PE metabolism
Monacylglycerol
cholesterol \

lipid

metabolism

~

/

aromatic
amino acid
metabolism

lactate /

formate, energy

succinate metabolism
glucose

urea
creatine
creatinine
ketoisovalerate

274 pile acids:
cholate
dehydrocholate
ursodeoxycholate
deoxycholate
glycodeoxycholate
ketodeoxycholate
glycolithocholate sulfate
taurolithocholate
taurolithocholate sulfate
lithocholate
diketolithocholate
ketolithocholate
hyocholate
id glycocholenate sulfate
taurocholenate sulfate*
glycoursodeoxycholate
tauroursodeoxycholate

riboflavin
pyridoxine
folate

vitamins

.

bile aci
metabolism

hippurate
xenobiotic 2-hydroxyhippurate
metabolism 3-hydroxyhippurate
4-hydroxyhippurate
3-hydroxybenzoate
4-hydroxybenzoate
3,4-dihydroxybenzoate

~

\

choli n_e 2,4, 6-trihydroxybenzoate
metabolism p-hydroxybenzaldehyde
trimethylamine-n-oxide methyl-4-hydroxybenzoate
betaine 3-(2-hydroxyphenyl)propionate
dimethylglycine vitexin
daidzein
genistein

exclusively or mainly contributed by bacteria metabolism
contributed by both mammalian cells and bacteria

49



Gut Bacteria Metabolism




Dried Blood
Spot Fatty
Acid Profiles

Levels of Lipids
w-3
w-6
MUFA
Saturated FA
Trans-FA

Dried Blood Spot Fatty Acid Profile

Fatty Acid Group Total Percentile Rank Reference Range*
Omega-3 Fatty Acids 6.56% 63 rd 2.92-13.29%%
Omega 3 Index 6.22% SEtn 2.90-12.50%
Alpha-Linolenic (18:3n3) 0.68%
Eicosapentaenaic (EFA, 20:5n3) 0.75%
Docosapentaenoic-n3 (22:5n3) 157%
Docosohexaenaoic {DHA, 22:6n3) 356%
Omega-6 Fatty Acids 38.20% 52 nd 26.35-45,15%
Linaleic {18:2n6) 24.41%
Gamma-Linclenic [18:3nE) 0.28%
Eicosadienoic (20:2n6) 0.31%
Dihomao-y-linalenic (20:3n&) 1.66%
Arachidonic {AA, 20:4n6) 9.72%
Docosatetraenoic [22:4n6) 1.45%
Docosapentaenoic-nt (22:5n&) 037%
cis-Monounzaturated Fatty Acids 21.27T% El1= 15.65-32.26%
Palmitoleic (16:1n7) 0.47%
CHeic (18:1n3) 19.28%
Eicosenaic (20:1n3) 0.32%
Nervonic [24:1n9) 1.20%
Saturated Fatty Acids 33.43% 47 th 29,52-37.74%
Myristic [14:0) 0.40%
Palmitic (15:0) 19.52%
Stearic {18:0) 11.72%
Arachidic (20:0) 0.22%
Behenic (22:0) 0.70%
Lignoceric {24:0) 0.87%
Trans Fatty Acids 0.5E% Gth 0.35-2.69%
Trans Palmitoleic {16:1n7t) 0.10%
Trans Oleic (18:1t) 032%
Trans Linoleic [18:2n5t) 0.16%
Trans Fat Index 0.48% Gth 0.30-2.42%
Ratios
AAEPA 13.0:1 Lheth 14-52¢6
Omega-6:0mega-3 LBl 35th 23-145



Lipomics

Patterns of Carnitine
Metabolism

Levels of Lipids
Saturated
PUFA

w-3

w-6

w-9
MUFA
SCFA
MCFA
Trans-
VLCFA
Odd Chain
Renegades
Omega ox’d

-100 -50 0 50 100 % Status Result Liw Micph
| i [ |—— i 16 DMA 5862 H 181 1.34 1.78
| | [ | | | 18:0 DMA, -11.20 233 255 3.28
i i | j——— i 18:1 DMA 5000 H 1.07 0.74 1.07
i [ | I - Ci0-0 Capric 25000 H 00080 0002 0004
N | ! ! C14:0 Myristic 7685 L D18 .21 0.31
! I ! ! C14:1w5 Myristoleic 5000 L 00010 0001  0.003
! ! | | ! ! C15:0 Pentadecanoic 721 L 0.07 .08 0.13

< ! ! C16:0 Palmitic 40279 L 1741 1354 2080
i I i : C16:1w7 Palmitoleic 49.06 L 00§ .00 .30
i | i i C16:1w9 Hexadecanoic 4583 L D05 0.05 0.07
| I | | i i C17:0 Heptadecanoic 60.00 L D28 .28 0.33
i i [ | i i C17:1 Heptadecaenoic -25.00 0.0z 0.0z 0.03
| 1 | | C18:0 Stearic 68.47 L 1418 1457 6.63
| I | | C18:1w5 Octadecanoic 8545 L 000 .06 0.19
! i ] i C18:AwT Vaccenic 53.35 H 0.84 .62 0.33
i i — I i C18:1w3 Oleic 3425 H 1187 1047 12.14
! ! ] ! | La C18:2wB Lincleic 9.03 046 773 1085

< ! ! C18:2wk Conj Rumenic 41000 L 0.02 004 0.07
: | : ! aa C18:3w3 Alpha Linclenic 3125 L 002 0.07 0.14
\ : | I | o - C18:3ws Gamma Linolenic 92141 H D05 0.02 0.04
I 1 I : C20:0 Arachidic 7128 L D34 1.36 0.48
i i ] i i C20:2wh Eicosadienic 13.33 0.25 0.18 0.28
i i K | poLa C20:3w6 Dihomo-y Lino. 3702 H 140 0.08 1.56
i i n i i C20:3wd Mead 5.00 0.04 .03 0.04
| i | | | &4 G204w6 Arachidonic -B.68 11.87 1077 13.31
| | ] | Ers C20-5w3 Eicosapenta. 69.48 H 118 017 1.03
N ! i C22:0 Behenic 342 L 1.38 1.51 1.90
! ! [ ] ! ! C22:1w8 Erucic 0.00 0.05 0.04 0.08
! | ! ! C22:2wé Docosadienoic 4667 L D005 .05 0.08
! ! [| ! ! C22:4wB_Adrenic -3.71 242 1.88 304
A 1 I - C22-5w3 Docosapenta. 131.01 H 2.75 1.46 217
: ] | | i C22:5w6 Osbond 5601 L 0.34 .36 0.74
| : ] | DHaA C22:6w3 Docosahexa. 6533 H 502 270 471
i ' | i ' £23:0 Tricosanoic -S0.00 L 0.23 .26 0.33
I | I i i C24:0 Lignoceric 4186 L 468 461 5.53
i i I - C24:1w3 Nervonic 167.05 H  54E 3323 4.37
! ! I C24:2wk Tetracosadienocic 84.02 H 076 043 087
! ! ! ! C25:0 Pentacosanoic 4677 L 010 0.oe 0.13
! ! 1 ! ! C26:0 Hexacosanoic -1.95 0.26 022 10.30
! ! I ! C26:1 Lumequic 3182 H 026 017 0.27
! ! ] ! ! C26:2 Hexacosadienoic 17.31 0.14 0.07 0.17
! I I : C28:0 Dctacosanoic 5000 L 00030 0003 0005
! ! I ! C30:0 Triacontanoic 5000 H 00010 00D0D 000
i i [ : Phytanic 0.00 00020 0001 0003
| . I Fristanic 95000 H 00010 0000  0.000

< i i Sum C16:1 Trans FAs A08.06 L 002 .04 0.07
| I i i Sum C18:1 Trans FAs 9583 L 0.21 047 1.03
N | i Sum C18:2 Trans FAs 2400 L 0.08 0.07 0.12




y Whole Genome Analysis



Humans have approximately 10 trillion cells

If you were to line all of the DNA found in every
cell of a human body it would stretch from the
earth to the sun 100 times!




SNV’s

6 Billion Nucleotides - we sequence ~85%
SNV’s occur one in every 300 nucleotides
Approximately 20 million in the human genome
8000 unique to each person

If in @ exon or regulatory region of a gene can
affect the gene function

Most are Variants of Unknown Significance
SNPs are SNVs that have >1% prevalence



Whole Genome Analysis

Variant Statistics

SNVs Daletions _I_.1.1.1-=arl:luns |

Total Number 3,507,174 | 271,870 | 276,245
Number in Genes 1,346,666 | 116,847 | 118,650
Number in Exons 47,010 2. 8085 3,137
Mumber in Coding Regions | 19,759 E-’iﬁ ) 275
Mumber i|:| UTR 27,251 2,663 2,662
Sphee Site Region | 2,483 193 2186 |
Stop Gained ) | 79 0 0
Stop Lost N 31 O
Frameshift 0 111 152
MNOM-8yNoONYMOous 10,470 4 7

i E!nnnymnus 9,278 0 0




Copy Number Variation

Accounts for more variation than SNP’s

Deletions, inversions, insertions, and
duplications

0.4% of the genomes of unrelated people
differ with respect to copy number variation

May be inherited or arise during development

Variable number of tandem repeats

— Found throughout genome and show variations in
length even between related individuals



Copy Number Variation



Chromosomal Instability score from
CNV Genomics as a Cancer Marker



Tumor Load Liquid Biopsy via Copy Number
Instability (CNI)

e Circos Plot
— Red = gain
— Blue=loss

* |nner circle-

PBMC CNI
N|=
e Middle Circle — CI@I_
Cell Free DNA 363]@

CNI (unadjusted)

e Quter Circle —-
CNI remaining
after adjustment
for PBMC



Tumor Load Liquid Biopsy via CNI

* CNI =Copy
Number
Instability

e Widely
Meta-
static
Triple
Negative
Breast
Cancer

CNI=
3634




Examples of the role and the effect of deficiency of specific micronutrients on genomic stability

Micronutrients Role in genomic stability

Vitamin C, Prevention of oxidation to DNA and lipid oxidation (157,158)
vitamin E

Folate and Maintenance methylation of DNA; synthesis of dTMP from dUMP and efficient
vitamins B2, B6  recycling of folate (24)

and B12

Niacin Required as substrate for poly(ADP-ribose) polymerase (PARP) which is involved
In cleavage and rejoining of DNA and telomere length maintenance (61,159)

Zinc Required as a cofactor for Cu/Zn superoxide dismutase, endonuclease 1V,
function of p53, Fapy glycosylase and in Zn finger proteins such as PARP (27,28)

Iron Required as component of ribonucleotide reductase and mitochondrial

cytochromes (160)

Magnesium  Required as cofactor for a variety of DNA polymerases, in nucleotide excision
repair, base excision repair and mismatch repair. Essential for microtubule
polymerization and chromosome segregation (50)

Manganese Required as a component of mitochondrial Mn superoxide dismutase (152,161)

Fenech, Genome Integr. 2010; 1: 11

Consequence of deficiency

Increased baseline level of DNA strand breaks,
chromosome breaks and oxidative DNA lesions and lipid
peroxide adducts on DNA (157,156)

Uracil misincorporation in DNA, increased chromosome
breaks and DNA hypomethylation (24)

Increased level of unrepaired nicks in DNA, increased
chromosome breaks and rearrangements, and sensitivity
to mutagens (61,159)

Increased DNA oxidation, DNA breaks and elevated
chromosome damage rate (27,28)

Reduced DNA repair capacity and increased propensity for
oxidative damage to mitochondrial DNA (160)

Reduced fidelity of DNA replication. Reduced DNA repair
capacity. Chromosome segregation errors (50)

Increase susceptibility to superoxide damage to
mitochondrial DNA and reduced resistance to radiation-
induced damage to nuclear DNA (152,161)



Tumor Load Liquid Biopsy via CNI

Colon

Cancer —

Stage 2

before

resection,

Chemo,

Nutrition Rx. i

BRCA1 loss 3%

Curcumin,
3-6 Beta Glucan,
w-3 oils,

WGE- whole
glucan extract

SO
W



Tumor Load Liquid Biopsy via CNI

e Colon
Cancer —
Stage 2 after
resection,
chemo,
Nutrition Rx. CNI=

CNIy

e CNI down 3634
from 1363
to 109.



Clinical Presentation:

55 yo male CEO -

-atigue, Exercise Intolerance, Brain Fog, Joint
Pain, Irritability, Insomnia, Hyperlipidemia

PastDx: Hashi, Arthritis, Asthma
-Hx: M-Lung Cancer; F — Dementia

Organic whole-food, gluten & dairy-free diet,
Meditates, 10 hrs in Bed (!!!), Exercises as best as
possible, Low Caffeine, Stable relationships, Has
hobbies and positive mindset.

Elevated Liver Enzymes- but why?




23&Me derivitive “Detox” Report

i > And no GSTM data




Copy Number Variations

S I

e Copy Number Variation Analysis revealed LOSS of GSTT1
e Targeted SNP testing revealed NULL GSTM




Markedly Elevated Aflatoxin IgG+IgA




Aspergillus

By S. K. Mohan - http://www.forestryimages.org/browse/detail.cfm?imgnum=5367342, CC BY
3.0, https://commons.wikimedia.org/w/index.php?curid=28824930



Metabolomics of Aspergillus fumigatus

Metabolic signatures are possible
to elucidate via metabolomics -
this guides diagnostic as well as
treatment decisions.

Frisvad, Medical Mycology 2009, 47 (Supplement 1), S53-S71



Aflatoxin B1 (2,3-Epoxyaflatoxin B1)

Conversion is by
CYP-1A2 and
CYP-3A4 and
CYP-2A13



http://zinc.docking.org/synonym/2,3-Epoxyaflatoxin B1

Glutathione Congugates to
Electrophilic Substrates via GSTT1

http://www.reactome.org/PathwayBrowser/#/R-HSA-156580&SEL=R-ALL-176070&PATH=R-HSA-1430728,R-HSA-211859&DTAB=MT



More “Good Stuff”
e Sulforaphane
Upregulates NRF-2 and
PGC-alpha. Thisin turn...
* increases
e Superoxide dismutase
e (Catalase

e glutathione S-

transferase

e expression of heme
oxygenase-1

e reduces

* reactive oxygen
species

e lipid peroxidation

e COX-2 expression

Fernandez, Mol Cell Biochem, DOI 10.1007/s11010-014-2292-z






Glucomannan

* |In rats fed high fat diet - KGM beneficially reduced
 malondialdehyde levels of the colon and liver
e DNA damage in blood lymphocytes

 Upregulated gene expressions of
e colonic mucosa glutathione peroxidase and catalase
e hepatic superoxide dismutase and catalase

Wu & Chen, dx.doi.org/10.1021/jf202060p |J. Agric. Food Chem. 2011, 59, 9194-9200



Effect of Glucomannan on Mycotoxins

e Effect of glucomannan on haematological,
coagulation and biochemical parameters in
male rabbits fed aflatoxin-contaminated

ration. —
» A. Eisa and A Metwally - World Mycotoxin Journal 2011

— Human studies of this would be unethical
— 3 groups
e Normal Chow

e Chow spiked with naturally occuring levels of aflatoxin
e Spiked chow with 1kg/ton glucomannan

DOI: http://dx.doi.org/10.3920/WMJ2010.1273



Effect of glucomannan on Mycotoxins

e Results..

— Aflatoxin B1 (AFB1) spiked chow caused microcytic
anemia, leukopenia, long PT and aPTT, elevated ALT,
GGT, Total Bilirubin, BUN, Creatinine, total lipids and
cholesterol. Decreased Protein, Albumin, glucose,
calcium, phosphorous, and iron.

e Supplementation with glucomannan resulted in
the return of the above parameters to normal
control values.

77

DOI: http://dx.doi.org/10.3920/WMJ2010.1273



Glucomannan and Aflatoxin B1 and T-2
Toxin
e 0.1% Glucomannan in feed was able to adsorb

— 75-90% of Aflatoxin (Aspergillus)
— 30-35% of T2 Toxin (fusarium)

 The longer time Glucomannan was present in
the gut, the more Mold Toxins were adsorbed.

Less “Bad Stuff”

Murthy, et. al.“Evaluation of glucomannan for its adsorbing ability of Aflatoxin B1 and T-2 Toxin in the
gastrointestinal tract of boiler chickens” Mycotoxin research, Volume: 18 Issue: Supplement 1, 2002 March.



Kim, Food Metabolomics - Current Opinion in Biotechnology 2016, 37:16-23



“Susan”



“Susan”- OQutside MD Note

e Tx: Tylenol, Tramadol, Miralax



Mito Genetics — The Basics

Mitochondrial DNA Nuclear DNA

I] il N N "

14 15 17 18

11 e E' |

19 20 21 22

37 genes 1,013 genes

16,000 base pairs - Autosomal recessive

- Maternal inheritance - Autosomal dominan

- 13 proteins for - X-linked
OxPhosphorylation

- 22 transfer RNAs
- 2 ribosomal RNAs






TRAPI1-Related Disease (T1ReD)

e TRAP1 encodes a 701-amino
acid homodimer protein which
is a mitochondrial chaperone
involved in antioxidant
defense.

e An ATPase domain (amino
acids 108-260) hydrolyze the
energy-rich triphosphate bond
of ATP to convert into
mechanical work of folding
proteins.

Boles RG1, Hornung HA1, Moody AE, et al. Hurt, tired and queasy: Specific variants in the ATPase domain of the TRAP1
mitochondrial chaperone are associated with common, chronic "functional" symptomatology including pain, fatigue and
gastrointestinal dysmotility. Mitochondrion. 2015 Jul;23:64-70. doi: 10.1016/j.mit0.2015.05.002.



TRAPI1-Related Disease (T1ReD)

e Chronic pain, Fatigue and GI dysmotility.

e Tachycardia/palpitations and dizziness may
also be common.

* In these patients, chronic pain and fatigue
improved greatly on aggressive antioxidant
therapy.

Boles RG1, Hornung HA1, Moody AE, et al. Hurt, tired and queasy: Specific variants in the ATPase domain of the TRAP1
mitochondrial chaperone are associated with common, chronic "functional" symptomatology including pain, fatigue and
gastrointestinal dysmotility. Mitochondrion. 2015 Jul;23:64-70. doi: 10.1016/j.mit0.2015.05.002.



TRAP1 variants greatly increase
the prevalence of functional disease

TRAP1 Pain Chronic Gastro- Triad of Total
variants syndromes |fatigue intestinal pain, fatigue |number of
dysmotility & Gl patients
All conserved 17 (65%) 16 (62%) 14 (54%) 12 (46%) 26
in ATPase 4.9 (2.2-11) 3.3 (1.5-7.3) 3.1 (1.4-6.8) 6.4 (2.9-14)
domain P =0.001 P =0.004 P =0.005 P <0.0001
Conserved 3 (7%) 10 (22%) 11 (24%) 2 (4%) 45
elsewhere in 0.19 (0.06-0.61)
protein P =0.005
p.lle253Val 11 (69%) 10 (63%) 9 (56%) 8 (50%) 16
5.7 (2.0-17) 3.4 (1.2-9.4) 3.4 (1.2-9.2) 7.5 (2.8-20)
P =0.001 P =0.02 P =0.02 P =0.0001
Conserved in 7 (64%) 7 (64%) 6 (55%) 5 (45%) 11
ATPase 4.6 (1.3-1.6) 3.6 (1.0-1.2) P =0.06 6.2 (1.9-21)
excluding P =0.02 P =0.04 P =0.003
p.lle253Val
Salt bridges: 5 (71%) 5 (71%) 5 (71%) 5 (71%) 7
p.Arg128His, 6.5 (1.3-34) P =0.053 6.6 (1.3-34) 18 (3.6-100)
p.Glul92Lys P =0.03 P=0.02 P = 0.0005
None 224 (28%) 266 (33%) 222 (27%) 95 (12%) 808 g



“Susan” TRAP-1 Hetero



DNA Oxidation Marker: 8-OH DG and
Elevated CK in “Susan”

* Context: Organic, “Ideal” diet.
* TX:

— Sulphoraphane Glucosinolate, Resveratrol,
Curcumin, - All High dose

— NAC 1200 BID, ALA- 600 mg BID, CoQ10 50mg BID






8-OHDG Follow-up
“Susan”

e Subsequent to this... 50 gm IV vitamin C twice
a week has been very helpful.



Metabolomics Tools for Describing Complex Pesticide Exposure
in Pregnant Women in Brittany (France)

Bonvallote,Metabolomics role for assessing complex Pesticide Exposure, PLoS One. 2013; 8(5): e64433.



Bonvallote,Metabolomics role for assessing complex Pesticide Exposure, PLoS One. 2013; 8(5): €64433.



... “"Pb exposure in earthworms caused
widespread metabolic changes, which were
associated with oxidative stress,
neurotransmitter imbalance, disruption of

osmotic equilibrium and interference in energy
metabolism and nucleic acid metabolism.”






Effects of Lead on Metabolomics

(earthworm)




Metabolomics Reveals that Aryl Hydrocarbon Receptor
Activation by Environmental Chemicals (dioxin-like) Induces

Systemic Metabolic Dysfunction in Mice
Zhang, Environ. Sci. Technol. 29 May 2015
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John, ER, Progress in Brain Research 150 (2005)






-

This patient's discriminant scores lie
within (p <= 0.025) of the normal limits
expected for an individual of this age.



Heart Rate Variability Event Related Potentials

Brain Surface Maps LORETA Brain Imaging



Volumetric 3-D LORETA

This tool can be
expanded for use
as a real time
monitoring device
for any
intervention that
may influence
brain function

Three dimensional axial imagery allows high level of
specificity in locating brain abnormalities



BRAIN FUNCTION: Standard Deviations - Normative database comparison

Severity Eyes Closed

Pre-Frontal Frontal Central Temporal Parietal Occipital

Fpl | Fp2 | F7 | F3 | FL | F4 | F8 | C3 | CZ | C4 | T7 | T8 | P7 PL | P4 02
2Hz |02 |01 |01 |03 |-04 03 (03 [-05 |05 |05 |[-05 |07 |07 05 |5-07 || -0. 0.9
3Hz [-02 |01 |00 [-03 |-03 |03 |-02 |-03 |-04 |04 |04 |-06 |-06 05 | -06 0.8
4Hz |-07 |-05 |03 [-09 |-08 |07 |-06 |-07 |06 |07 |06 |-08 |-09 07 |-08 -1.0
SHz [-10 |-10 |05 [-11 |-11 |11 [-.0 |-08 |-06 |08 |07 |-10 |-10 08 | -09 1.1
6Hz [-09 |-09 |07 [-11 |-12 |[-11 |-10 |-11 |11 |-10 |07 |-10 |-10 09 |-10 13
THz |-06 |-07 |03 [-09 |-09 |09 |-06 |-07 |07 |07 |03 |-07 |-08 07 |07 -1.0
8Hz 01 |02 |02 (00 |01 |01 |04 [-00 |00 |02 |06 |-01 |-05 05 | -06 08
9z (01 |02 |04 (02 |01 |01 |03 [-00 |01 |02 [10 |01 |-06 08 |-08 08
10Hz 00 |01 |02 |01 |01 |01 (00 [-00 |00 |-01 |07 |-00 |-02 03 | -04 0.6
1Hz |11 |10 |12 |11 |10 |09 |07 |08 |11 |07 |13 |04 |08 09 |05 0.0
12Hz 07 |07 |08 |08 |07 |06 |05 |07 |08 |05 |10 |01 |06 01 | -00 0.6
13Hz/ 03 |04 |03 |02 |02 |03 |01 |05 |05 |03 |05 |03 |03 02 |03 -1.0
14Hz 03 |03 |04 |03 |03 |02 |00 |06 |07 |04 |04 |-04 |-01 02 | -00 0.8
15Hz/ 00 |00 |02 |00 |01 [-02 |04 [03 |03 |01 |02 |-07 |02 0.1 |-01 0.8
16Hz 00 |00 |00 |01 |02 [-02 (03 [0l |01 |01 |00 |-07 |-04 01 |03 0.9
17Hz | 06 |05 |-04 |06 |06 |[-07 |08 |00 [-01 |01 |03 [-09 |07 03 | -04 1.2
18Hz 07 |06 |-07 |09 |09 |-10 |-11 [-02 |-03 |05 |-06 |-11 |-11 05 |06 13
19Hz| 08 |07 |-10 |12 |11 |-11 |11 |05 [-05 |07 |09 |-12 |-14 07 |09 15
20Hz|-07 |06 |07 |11 |-L1 |11 |[-10 |06 |08 |-10 |09 |-13 08 |-10 B
21Hz |08 |07 |-07 |08 |09 |-09 |10 [-05 |06 [-09 [-08 |-12 |-14 |-08 |06 |-08 14
22Hz 07 |06 |-06 |08 |08 |-08 |08 |06 |-07 [-07 [-07 |-10 |-Li-d EEE . 14
23Hz| 05 |04 |05 |06 |07 |08 |08 |06 |06 |10 |08 |-14- EE 06 |-L1 E
24Hz|-05 |04 |07 [-08 |-10 [-10 |08 |-08 |09 [-12 [-08 |fL0 11 | -14 m
25Hz| 07 |07 |09 |07 |09 [-10 |08 |09 |08 |[-12 |[-10 |B9_ 1.2 %
26Hz|-08 |-07 |09 [-09 [-11 [-11 [-08 [-12 |-11 |-13 |-11 |-09 THE-. 13 |EE :
27Hz | 06 |06 |06 |08 |-10 [-10 |07 [-13 |-11 |-13 |-10 |-08 18
28Hz |06 |-06 |-06 |08 |-08 |-09 |06 |-13 |-09 [-13 |-10 |-08 |EE |
29Hz 06 |06 |-05 |07 |08 |[-09 |06 |-12 |08 |12 |11 |-08 |BE | 14 | BE 15
30Hz |-06 |-05 |05 |06 |07 |07 |-04 |[-12 |-05 |-10 |-L1 |-08 - iE B -15

Brodmann Areas 22, 40, 42
are nearly 2 standard
deviations low power from
normal.

Areas govern:
performing creative
tasks, integer
calculation;
working/episodic
memory, visuo-motor
attention, auditory,
gesture imitation,
language, motor, pain,
object and face
perception, touch,
balance

23-24 Hz



Other Substance Effect

Lithium - Generalized Slowing

Lead —
— Acute - looks like diffuse encephalopathy
— Chronic — Inconclusive

Mercury

— Nonspecific diffuse slowing reflecting clinical state
Manganese

— EEG slowing and fast activity
Organophosphates

— Slow wave enhancement, paroxysmal discharges




Mold and the Brain

 Measures of toxic mold exposure predicted QEEG
measures and neuropsych test performance
— Impairments similar to mild Traumatic Brain Injury
— Multiple Cognitive task impairment
e QEEG=
— Narrowed frequency bands
— Increased Alpha and Theta frontally

— Hypoactivation of the cortex

e Due to Brainstem or Reticular Activating System
Dysfunction?

Crago, Gray, et. al. Archives of Environmental Health: An International
Journal Volume 58, Issue 8, 2003 pp 452-463



Severe MDD, Elevated Lead




| 2015- My Patient
and her SECOND
child. ©

Functional
Medicine Changes
Lives




Digging Deeper in Assessment

Genomics

e Mitomics

e CNVs

e VVUS

e Microbiome

Metablolomics

Connectomics e Lipomics

e QEEG e Toxomics
e Microbiome



Deep Data meets
Big Data

Leaves, Trees and
Forrests..

By Krzysztof P. Jasiutowicz - first upload pl.wikipedia 11:26, 10 jul (lipiec) 2004
by Kpjas as pl:Grafika:Lisc lipy.jpg, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=166598
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