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Learning Objectives for this Presentation

* Review the concept of 1-carbon metabolism
and methylation reactions

* Discuss the interpretation and application of

Genova’s Methylation Panel along with case O BJ ECT ' V

study review

* Apply nutritional and lifestyle therapies as
potential therapeutic options for different
methylation imbalances



What is Methylation?

* Transfer of single carbon unit from molecule to molecule
— This is why methylation is also referred to as “1-carbon metabolism”
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What is Methylation?

Arginine \ J»Creatine
Norepinepﬁ J»Epinephrine




What is Methylation?

 What makes this enzymatic reaction any more or less important than
the rest?

* “If you want to know how important a single process is to a system,
just look at how often that process is used within the system.”

— Biochemical Proverbs by Michael Chapman, ND

* |t's not the methylation reaction that is special, but rather how many
processes absolutely depend on methylation



What Systems Depend on Methylation?

* Creatine production: skeletal muscle contraction
 DNA and RNA synthesis

* Epigenetic gene regulation

* Hormone regulation and detoxification

 Energy production

* Cell membrane repair

* Lipid metabolism

* Neurotransmitter production

* Nitric oxide production: vascular endothelial function

Moore LD, et al. Neuropsychopharmacology. 2013;38(1):23-38.

M Brosnan JT, et al. Acta Biochimica Polonica (English Edition). 2004;51:405-14.

. m m f ’ ’
I u n e u n Ctlo n Smazal AL, lowa State University; 2013.
Lawson BR, et al. Clin Immunol. 2012;143(1):8-21.
Abu-Lebdeh HS, et al. J Clin Endocrinol Metab. 2006;91(9):3344-48.

Schalinske KL, et al. Adv Nutr. 2012;3(6):755-62.



Translating Systems to Symptoms

Mental-
Emotional
State

Symptom
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Report Review

Patient ID: Patient ID: Patient: D:
3534 Methylation Panel - Plasma & Whole Blood 3635 Add-on Methylstion Genomics - Buccal sample

" Methodbiogy: DNA Sequencing
. Methylation / Transsulfur|
E A Metfodology: LEMSMS & Colormetric Results 1st 2r Y MTHFR C677T 5,10-methylenetetrahydrofolate reductase

- ]
L 63 Zilicoa Street micromol’L Methic . Methylenetetrahydrofolate reductase (MTHFR) is a key regulatory enzyme which converts 5,10-
DIAGNOSTICS | Ashevile, NC 28801 - — Your Genotype: to 5-methy (5-MTHF). This step activates folate to be used for
®®®8® | o Genova Disgnostics Methylation Cap| » Allele 1 Allele 2 (Hey) to instead of synthesis.
Patient Sample Patient Ratios Folate Cycle Health Implications
1. Methylation Index (SAM/SAH Ratio) 33 * The Cﬁ??T polym_orph!sm downregulates enzymatic aclw!ty. which can limit
DOB: Wid T Vari methylation reactions in the body. The C677T polymorphism results in an
Sex: 2. Methylation Balance Ratio 1.08 ! ype- ariant + increased risk of high homocysteine and an increased tendency for lower folate
MRN: 3. Met/Sulf Balance Ratio Orcigizod Potential Impact; levels."?
3 062
Downregulation
— 4. Betaine/Choline Ratio 23 L . Homazygusity for 677 (+/+) results il"l B0-70% reducticlm il"l MTHFR enzyme acti\ltitly.
3534 Methylation Panel- Plasma & Whole Blood Genolypes “Amino Acid Heterozygosity for 677 (+/+) results in 30-40% reduction in MTHFR enzyme activity.?
. Methyl Group Donors SAM. B2, B1 Ala Al
Interpretatior H m A * Lower levels of B-vitamin and folate increase the risk of elevated homocysteine
Methylation FPPRTIIN 5. S-adenosylmethionine (SAM) 109 2 cl Ala Vai related to MTHFR SNPs 2
TT Val Val
Homocysteine & DOWNREGULATING SNPS | 6. Methianine 36 » Homozygous CB77T subjects have higher Hey levels, while heterozygous subjects
SAH MTHFR 7. Choline 191 H Reduced Amino Acid Positi 932 have mildly raised Hey levels compared to confrols.*
- mino 'osition:
Methionine cenT o 8. Betaine 44 Alanine to Valine * MTHFR C677T SNPs have been associated with many disease processes
) Az8¢ OO0 nn " including:
Choline 4 9. Serine 147 cCc—aTc = Cardi =
COMT rdiovascular disease
Sarcosine i - Depression and schizophrenia *°
V158M oo Methyl Group Metabolites DNA Position: 894 « Increased risk of birth defects and Down's syndrome *
MTRR SNP Psoriasis
e 0 10. S-adenosylhomocysteine (SAH) 23 ¥ Dabetos
o 11. Homocysteine 1 13 H te1eceeea G(C o T) Cearroatc Parkinson's disease
MATIA
12. Dimethylgiycine (DMG) 29 B Mothylat L1 Clinical Considerations
D18777A ethylation Amino Acid Codon + Ensure adequate intake of dark-green leafy vegetables and other B vitamin-rich
13. Sarcosine 6,368 = f— foods.
SHMT1 g
14. Glyclne 267 . Rs Number: rs1801133 )
C1240T e Transsulfuration « Evaluate homocysteine, SAM, and SAH levels.
Transsulfuration Metabolites @ It Location: Chromosome 1p36.22
J

+ Supplementation with methylated folate and folate-rich foods may help lower Hey
EIOEE] 15, Cystathionine 216 e — and mitigate risk.""

16. Cyst(e)ine 323 [ =

SAMISAH Ratio di I 17. Taurine 83 [ —

= Evaluate the status of vitamin B-2 and B-3 (MTHF R enzyme cofactors).
References
1. YangQ, etal AmJCiio Nutr. 2012;95(5).1245-1253.

Population | oo |0

Low . Category 2. Garcia-Minguillan CJ, et al. Genes Nutr 2014,9(6):435.
18. Glutathione ¥ 1577 "’ 3. Weisberg IS, ot al. Atherosierosis. 2001/156(2):408-415.
EUR 47% 44% 9% 4. Lew S-C, eta Eurd Med Genet 2015,58(1):1-10,
Cysh 0, o o 5. Zhang P, et al. Angiology. 2015,66(5) 422-432.
. e EAS 3% AT% 16% 6. YangKM, et al. Siomed Rep. 2014,2(5):699-708.
Methylation Balance _ i i AFR 81% 19% | <1% | 7. CuiT. intJNeuroscl 2015
Un-methylated B, WuYL etal Progh Biol Psychiatry. 201346, 78-85.
Metabolites AMR 32% 52% | 16% | 9. HuCY, etal JNews! Transm (Vienna) 2015;122(2):307-320,
10. Yadav U, et al. Medsb Srain Ois. 2015;30(1):7-24
SAS 68% 30% 2% | 11, Zhao M, etal Stroke 2017;48(5):1183-1190.
Met/Sulf Balance _ I I *Papulation frequency data is from 1000 GENOMES project as sourced from NCBI| dbSNP. The population categories are listed below:
N Energy ProdUCnon EAS (East Asian):Han Chinese (Beijing), Japanese (Tokyo), Southern Han Chinese, Chinese Dai, Kinh (Vietnam)
Transsulfuration {Theseresulis are not represenied by quintile values. EUR (European): Amencans with Northem and Westem European Ancestry, Toscani, Finnish, British, Spanish
Tests were deveioped and their characteristics by Genova D Unifes AFR (African): Nigeran, Kenyan, Gambian, Mendi (Sierra Leone), African Americans, African Caribbeans
and Drug Administration, AMR (Ad Mixed American): Mexican, Puerto Rican, Colombian, Peruvian

SAS (South Aslan): Americans of Gujarati descent (India), Punjabi (Pakistan), Bengali (Bangladesh), Sri Lankan/Indian in UK
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Combined Assessment: A Methylation Panel

A comprehensive approach to
systems biology assessment

* Genotypic and phenotypic
evaluation of methylation

* Novel biomarkers and genomics
involved in methylation
pathway

Phenotypic Results (Biomarkers)

el iylation Panel - Plasma & Whole Blood

Interpretation At-a-Glance

Methylation Genetic Polymorphism Transsullyration
I DOWNREGULATING SNPS  UPREGULATING SNPS i
MTHER MTR

CETIT Sy ATTSEG &

Genotypic
Results

0 Ciuncrea [Hagnoaiicn « & L Pusce-Brewar, Pl D{ABMLY Lab Diracior - C1LUA Lic. SHDMIT] - Madican Lic #3847




Interpretation-at-a-Glance

3 Pillars

— Abnormal biomarkers are
categorized as either problems in:

* Methylation Cycle
— Consider methylation support

* Transsulfuration Pathway
— Consider antioxidant support

— Middle pillar are SNP results

3534 Methylation Panel - Plasma & Whole Blood

:

Interpretation At-a-Glance

Methylation Genetic Polymorphism

e & DOWNREGULATING SNPS  UPREGULATING SNPS || o .
MTHFR MTR
SAH
. CBTTT [-+] ATTEGG
Methicnine
A1208C CBS
Choline & L
i COMT CERaT [+
Samosine
visam Py BHMT
MTRR GT424
ABBG [+] GHMT
MAT1A C1289T
DIBTTTA
SHMTY
CId0T e
. AN AN S
Methylation Status
SAwsAH Ratio 7 s
Low High
w
Methylation Balance T e
Un-methylated Methyl Group
Metabolites Donors
Transsulfuration Methylation

0 Ciamorrs [Haguaatics « A. L Pascs-Brawer, Pl), D{ABMLL, Lab Dirscor - C1IA Lic. SHO0S35T] © Madicar Liz. #3884T3
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0000

Methylation Panel Genomics _ _

, DOWNREGULATING SNPS  UPREGULATING SNPS
* Ten genomic SNPs relevant to
: : MTHFR MTR

methylation pathway function

— MTHER (2) Ce77T - A2756G

— COMT A1298c @& CBS

— MTRR COMT C699T (4]

— MAT1A viseM @&y BHMT

— SHMT1 MTRR G742A

— MTR ABBG o GNMT

— CBS MAT1A C1289T

— BHMIT D1877

— GNMT

SHMTA
c12407 @O




Methylation Panel Genomics

Genetic Polymorphism
DOWNREGULATING SNPS UPREGULATING SNPS \

 SNPs are categorized into MTHER TR
downregulating or CoTIT @ ASEETS
upregulating SNPs A1298C (@ cBS
COMT C699T +]
* This means that “positive” vissm @@ BHMT
findings cause the enzyme to MTRR G742A
work slower (downregulating) ABBG + GNMT
or faster (upregulating) MAT1A C1289T
D1677
SHMT1
c1240T @O




Methylation Panel Biomarkers (cont)

Functional Ratios

— Discussed later

Methyl Group Donors

— SAM, Methionine, Choline, and Betaine

Methyl Group Metabolites

— SAH, Homocysteine, DMG, and Sarcosine
— Generally, do not want elevated

Transsulfuration Metabolites

— Glutathione you want to be adequate

Patient: 1D: Page 3

-8-8-89

3534 Methylation Panel — Specimen
Nethodology- TED

Ratios

1. SAMISAH Ratio 2.24 I + t t t | | 202-5.83

2. Methylation Balance Ratio

3. Met/Sulf Ratio 0.59 I t 1 —e—+ | | D.78-1.684

4. Betaine/Choline Ratic 207 4 t t t t || 220-740

Methyl Group Donors

5. S-Adenasylmethionine (SAM) 108.6 I t + t t | | B2az-150.3
Methionine " 0.
. Chelioe w08 |I———F+—F+—+—+—|55-155
. Betaine
2. Serine 752 + t } - } | | 77.2-180.2

Methyl Group Metabolites

10. S-Adencsylhomocysteine (SAH)

11. Homocysteine 127 [ t t t i

12. Dimethylglycine (DMG) 1.31 + } } t } | | 1.38-478
arcosine -7.310

17. Glycine * 27.6-406.8

Transsulfuration Metabolites

15. Cystathionine B43.3 [ t +—+ t + | | <4825

16. Cysteine M35 I —+—+ t t | | 2r1.2-4200
17. Taurine 1553 H t t t t $ | I75-1471
18. Glutathione 713 I +— t t t | | ==860

& Genova Dlagnostics - Roberd M. David, PhD, Lab Direchor - CLIA L. #11D0255348 - Medicare Lic. #34-3475 - Georgla Lab Lic. Code #057-007
inical Lao PRI #4573 - Flonda Clinical Lab Lic, 7500008124



Pathway Interpretation — Page 3

Page 3

Methylation / Transsulfuration Pathway

~Methylation & Transsulfuration Pathways

Folate Cycle

Oxithzad
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B&,Fe
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5,10-MTHF
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.; - Enzyme l“ll'
_‘:‘ Methylation g _
ﬁ Main Fatway -
g Transsulfuration Backup Pathway 4
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Energy Production Detoxification
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Methylation Pathway Format

e Results placed in pathway format
— Genomic Results

— Abnormal Biomarkers

e Allows clinicians to visualize the
delicate balance or abnormalities in
p a t h W a y Transsulfuration

Energy Production Detoxification

© Gunows Disgaonsca - A. L Peace-Trwwar, PR, IYATIMLI) Lab Dirsce - CLIA Lic. #34D0622571 - Madicars Lic. #04-8475




Genomic Results — Pages 4+ S - -

3535 Add-on Methylallon Genomics - Buccal sample

MTHFR C&77T
Your Genotype:

mnmﬁmﬂfﬁ.ﬂn[ﬁmam simp activates folate to be used for
horrocf=teine (Hof ) comversion o methionine, instesd of nucleotide fmhesis.
Health Implications
= The CETTT polymarphism downregulates enzymatic activity, which can limit
Amethylation readions in the bedy. The CE7TT polymorphism resulis in an
increased risk of high homocysteine and an increased tendency for lower folate
levals."®

Wild Type - Variant +

* There will be a page for each
SNP result

Potential Impact:
Downregulation
» Homozygesity for 677 (+/+) results in 60-70% reduction in MTHFR enzyme activity.

Heterozygosity for 677 (-+) results in 30-40% redudtion in MTHFR enzyme activity.
Aa Ala * Lower levels of B-vitamin and folate increase the risk of elevated homocysteine
Ala Val related to MTHFR SNPs*

Wal Val

Er
TT
* Homozygous CETTT subjects have higher Hoy levels, while heterozygous subjects

have mildly raised Hoy levels compared to condrols.®
Amino Acid Position: 222 Iy < Pe

* Patient results at the top left rasicul |

sCc—aTc = Cardiovascular disease ™
. = Depression and schizophrenia **
DNA Position: 394 = Increased risk of birth defects and Down's syndrome **
SNP = Psoriasis
¥ « Diabates
tereceeea G(CoT) Caarmrears = Parkinson's disease
Clinical Considerations

Aming Acid Codon * Enzure adequate intake of dark-green leafy vegetables and other B vitamin-rich

* General genomic information T =

= BEvaluate homocysieine, SAM, and SAH levels.
Location: Chromasome 1p36.22

under patient result B P ———

and mitigate risk.*

* Bvaluate the status of vitamin B-2 and B-3 (MTHFR enzyme cofactors).

Population | .. | -~ 1. Yang Q. etal Am J Clin Nutr. 2012:06]5)- 12451253,
Category 2. GarciaMinguillan CJ, =t al. Ganes Nuir 2014:0(5):435.
3. Weisberg IS, et al. Atharosclarosis. 2001;166(2)-409-415.
EUR 47% 4% 2% 4. LiewS-C, etal EwrJ Mod Ganed. 2015;55(1):1-100
5. ZhangP, =tal Angiokgy. 2015:66(5422 432
. EAS 37% | 47% | 6% R 6 Yang KM, et ol Biomed Rop. 2014261699708,
¢ Comrnentary Ox on the r'g t AR Lotk | o i e b
8. Wu 'YL, =t al. Prog Neuropsychopharmacal Biof Psychiminy. 201346:73-85.
AMR 32% | 52% | 16% | 9. HuCY.etal J Newal Trssm (Vissas) 2016 122(2c307-320.
10 Vmusdmhmﬂh_mﬁcmﬂ:ﬁ'ﬂ
i SAS 6a% | 30% | 2%l 4

*Population data Is from 1000 GENOMES project 35 sourced from NCEI dbSHP. The popuiation categories are listed below;
EAS (East Astan]-Han Chinese (Befing), Japanese [Tokyo), Sculiem Han Chimese, Chinese Dal, Kinh (Vienam)

EUR {EUTopean): AMEncans with Norham and Wastam European Ancestry, Toscan!, Finnish, British, Spanisn

AFR [African]: Nigerian, Kenyan, Gambian, Mend (Siema Leone), African Americans, Afican Carbbeans

AMER [ Mixed Amarican): Mexican, Pusro Rican, Colombian, Penuvian

SAS (South Aslan): Americans of Guiarat descent (Ind), Punjadl (Pakistan), Bengall (Bangiadesh), S Lankanindan In UK

€l Comore [Nagroaticn  A. L Pasca-Brawar. PLy, NABNAT) Lab Dot C1LIA, Lic. SHENASSST] - Madican Lis. 8368471
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Interpretation: Where to Begin?

g 120

e Lots of places you could start

— Page 1: Interpretation-at-a-Glance

e A great overview once you are familiar with the test

rozezREB B 3f8

— Page 2: Biomarker Results

* Helps to categorize the biomarkers and provides
quantitative result findings

Methylation

e
g

— Page 3: Pathway Analysis

Transsulfuration

* Great place to start when you are new to methylation = >~
testing ..
C=D .
G=s

W _=sw  Energy Production Detoxification

-q © Ouncons Disgnorsca - A. L. Teace-Trwwar, PED, YATIVLI Lab Directe - CLIA Lic. #34D06S5571 - Madicars Lic. 048475
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1. Start with Methylation Cycle

Folate Cycle

C T

* Key takeaway:

— The methylation cycle is all about
making sure there is adequate SAM
(S-adenosylmethionine)

— SAM is overwhelmingly the body’s
main methyl donor

— Think of SAM as the body’s
methylation currency!

Energy Production Detoxification

© Ownona Dugnoesica A L Peace-Tewwar, PRD, IXATIMLD, Lab Duwcmer - C1LIA Lic #34D0A22S7] Madicwrs Lic 04-847



The Basic Methylation Cycle

 There and back again:

— SAM can donate a methyl group wherever
it is needed

— Becomes SAH (S-adenosylhomocysteine)

— SAH then breaks down into...

i METHYL
GROUP

— Homocysteine




Finishing the Cycle

e Homocysteine MUST be
converted, or else, it will lead to
build-up of SAH

 Main way to recycle SAM is by
turning Hcy back into

methionine |

* This requires:
— Activated Folate (5-MTHF)
— Activated B-12
— Zinc

-

METHYL
GROUP

Ho V, et al. Genes Nutr. 2013;8(6):571-580.



Homocysteine

* You may know homocysteine as a marker for cardiovascular risk

* Elevated levels are associated with:
— Atherosclerosis and coronary artery disease
— Osteopenia
— Neurodegenerative conditions
— Mood disorders
— IBD and colon cancer risk

e Sound familiar?

Castro R, et al. J Inherit Met Dis. 2006;29(1):3-20.

Oussalah A, et al. Aliment Pharmacol Ther. 2011;34(10):1173-84.
Behera J, et al. J Cell Phys. 2017;232(10):2704-09.

Gariballa S. Age Ageing. 2011;40(6):702-05.



Homocysteine: a Biomarker for Methylation

* Homocysteine is often used as an
indicator of methylation status

— Clinicians aim for optimal: 2-10pumol/L

e Homocysteine must be recycled
back into methionine

METHYL
GROUP

e Key takeaway!

— Homocysteine > Higher SAH levels

Yi P, et al. J Biol Chem. 2000;275(38):29318-323.



Elevated SAH levels

Plasma S-adenosylhor sease
of cardiovascular dise; !ntJBiochem Cell Biol. 2015 Oct;67:158-66. doi: 101018/ biocel. 2015.08.015. Epub 2015 Jun 24,

pavid M Kerins, Mart 1 koury, anoniens. ROl@ OF S-adenosylhomocysteine in cardiovascular disease and its potential epigenetic
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SAM/SAH Ratio

:

3534 Methylation Panel - Plasma & Whole Blood
Interpretation At-a-Glance

Methylation Genetic Polymorphism Transsulfuration

ine & DOWNREGULATING SNPS  UPREGULATING SNPS [ o .
S MTHFR MTR
o CBTTT [-+] AITEGG
Methionine
Al208C CBS
Choline & L
) COMT cagaT +]
Samosine
visam gy BHMT
MTRR GT42A
ABAG [+] GHMT
MAT1A cizaaT
Oxidized
D1ETTTA
SHMT1
C1240T [+
., AN AN A
Methylation Status
Reduced
B12 e
High
METHYL
GROUP e
Methyl Group
Donors
Transsulfuration Methylation
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The SAM/SAH Ratio -

nutrients

ISSN 2072-6643
www. mdpi.comjournal/nutrients
Article

* Believed to be a good indicator of A Papulation Model of Folate- Mediated

Tanya M. Duncan ", Michael C. Reed * and H. Frederik Nijhout "*

cellular “methylation capacity” .

Department of Biology, Duke University, Durham, NC 27708, USA; E-Mail: tmkS@duke edu
* Department of Mathematics, Duke University, Durham, NC 27708, USA;
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* SAM tends to be under more e

Abstract: Backprownd: Previous methematice] models for hepatic and tissue one-carbon

h O m e O Sta t i C C O n t ro I metabolism have been combined and extended to include a blood plasma compartment. We

use this model w study how the concentrations of metebolites that can be measured in the
plasma are related to their respective intracellular concentrations. Metkods: The model

— If you are running |OW On CaSh’ you Will consists of a set of ordinary differential equations, one for each metabolite in each

compartment, and kinetic  eguations for metabolism and for transport  between

o compartments. The model was validated by comparison to a variety of experimental data
Wit h d raw mon ey fro m ot h er sources such as the methionine load test and variation in folate intake. We further extended this

medel by mtroducing random and systematic varation in emeyme activity, Cuicomes and

Conclusions: A datebase of 10,000 virtual ndividuals wes penerated, each with 2

guentitatively different one-carbon metabolism. Our population has distributions of folete

o and homocysteine in the plasma and tissues that are similas to those found in the NHANES

® Fluctuatlons tend to be mOre due to data. The model reproduces many other sets of clinical data. We show that tissue and
plasma folate s highly correlated, but liver and plasma folate much less so. Oxidative

° . stress increases the plasma S-adenosylmethionine/S-adenosythomocysteine (SAM/SAH)

re I a t I Ve SA H CO n Ce nt rat I O n S ratio. We show that many relationships among variables are nonlinear and in many cases

we provide explanations. Sampling of subpopulations produces dramatically different

apparent associations among variables. The model can be used to simulete populations

with polymorphisms in genes for folate metabolism and variations in dietary input.

Mato JM, et al. Ann Hepatol. 2015;12(2):183-89.
Duncan TM, et al. Nutrients. 2013;5(7):2457-74.



Why Haven’t We Been Measuring SAM & SAH?

* Plasma concentrations are around 1/500t" of Hcy

* Need specialized technology to accurately measure SAM and
SAH

— More labs are developing the capacity to measure these

e Stability concerns:
— SAM & SAH are very unstable molecules
— Have to be diligent about preserving and handling of samples



Let’s Do a Case!




75 yo Female: “Beth”

* Longstanding pernicious anemia

e Standard American Diet

— Coffee for breakfast

— Maybe eats some toast and bacon around
lunchtime, or eats fast food

— Processed microwave dinners
— Regular nightly wine intake

e Depression/Anxiety
* Osteopenia
* Fatigue

e QOsteoarthritis




Report Results

e Where to start?

— Low SAM: main methyl donor

— High SAH: marker for CVD risk and
poor methylation recycling
— SAM/SAH Ratio
* Homocysteine

— Elevated

e Even methionine is low
SAM/SAH Ratio T

Low High




Treatment Considerations

* |In this patient there is an
obvious backup in
SAH/homocysteine recycling

 Main way to recycle SAM is by
turning Hcy back into
methionine | |

METHYL
GROUP

e Consider:

— Activated Folate (5-MTHF)
— Activated B-12
— Zinc

Ho V, et al. Genes Nutr. 2013;8(6):571-580.



Adding Another Layer

Oxidized

Reduced
B12

METHYL
GROUP



Methylation Back-up Pathway to the Rescue!

e Betaine (trimethylglycine) can be used to turn
homocysteine back into methionine

* This only takes place in the liver

— Main pathway happens everywhere

* Betaine is derived from dietary choline

— Meats, eggs, and beets

METHYL
GROUP

Shunts choline AWAY from other choline pathways

— Acetylcholine, cell membrane repair, etc.

Obeid R. Nutrients. 2013;5(9):3481-3495.



Report Results

 What about the backup pathway in
this patient?

ATP, Mg, K

— DMG is an independent indicator of o

BHMT (backup pathway) utilization (serne ) :l
e Here DMG is normal Giycine )4 —

— Betaine is low e
— Betaine ultimately comes from choline

* Here choline is normal, but...

METHYL
GROUP

Ratios

1. Methylation Index (SAM/SAH Ratio) 0.8 L L 2 i i i i 1 2.2-64
2. Methylation Balance Ratio 0.93 L 4 | 1.03-1.20
3. Met/Sulf Balance Ratio 0.60 b i i . i i 2! 0.55-0.64

4. Betaine/Choline Ratio 3.9 I . i i i | 2.6-7.7




Report Results

e What does all this tell me?

— Despite the fact that there is
obvious poor methylation
recycling...

— The backup pathway is not
compensating like it should

e Consider betaine (TMG)

METHYL
GROUP

Homocysteine &

Ratios

1. Methylation Index (SAM/SAH Ratio) 0.8 1 1 i i ! 2.2-6.4
2. Methylation Balance Ratio 0.93 : i i i | 1.03-1.20
3. Met/Sulf Balance Ratio 0.60 i i i i 2! 0.55-0.64
4. Betaine/Choline Ratio 39 L 4 | 26-7.7




The Dance of Betaine & Choline

* Novel biomarkers

* Choline and betaine are “quaternary” ammonium compounds
— Choline: Eggs, beef, pork, liver, soybean, and wheat germ
— Betaine: Wheat bran, wheat germ, spinach, and beets

e Choline is used for: * Betaine is used for:
— Methylation
— Osmolyte, under cell stress (mainly in kidneys)

— Epigenetic gene regulation
— Precursor to lipoproteins
— Phospholipids

— Acetylcholine



Betaine/Choline

* Choline is a major lipotrophe, responsible for

creating VLDL

— Elevated plasma choline is positively associated

with:

e Triglycerides

* Glucose

 BMI

* Body fat

e Waist circumference

* Plasma betaine is negatively associated with
the majority of these risk factors

Choline Betaine
we Smoking -
g Physical activity [0] wee
] *** Plasma creatinine 1
I Plasma folate T
« [ Plasma homocysteine s« |
Components of the metabolic syndrome
I— BMI o ——
— Body fat e [
I— Waist | ——
] SBP O —
) DBP ) —
I Serum triglycerides S —
- ] Serum HDL cholesterol | I—
(] Serum non-HDL cholesterol ~ sse [ |
I— Serum glucose
(— — T T T T ([ e s s m pe s e m e |
-04 0 04 0.8 1.2 -6 -4 -2 0 2

Difference between contrasting categories (umol/L)

https://academic.oup.com/jn/article/138/5/914/4670139



https://academic.oup.com/jn/article/138/5/914/4670139

Research on the Betaine/Choline Ratio

* Plasma betaine:choline is
statistically significant with
almost every aspect of
metabolic stress

— Low betaine, high choline is a
risk

Plasma choline Plasma betaine Plasma betaine:choline ratio

Serum ALT
Serum glucose

Serum ALT
Serum glucose

Serum triglycerides Serum triglycerides

Serum HDL-C Serum HDL-C
Serum LDL-C Serum LDL-C
Serum TC Serum TC
Serum TC/HDL-C Serum TC/HDL-C
Serum Hcey Serum Hey

06 -04 -02 0 02 04 -06-04-02 0 02 04 -06-04 02 0 02 04

Plasma choline Plasma betaine Plasma betaine: choline ratio

Serum ALT
Serum glucose
Serum triglycerides [ «»

Serum ALT
Serum glucose
1 Serum triglycerides

Serum HDL-C Serum HDL-C [
BMI225kgm=2 [0 Serum LDL-C Serum LDL-C = +»
Serum TC Serum TC
mm  Serum TC/HDL-C Serum TC/HDL-C [
Serum Hey Serum Hey

06 04 -02 0 02 04 -06-04-02 0 02 04 -06-04-02 0 02 04
Correlation coefficient (r)

https://www.nature.com/articles/nutd201223



https://www.nature.com/articles/nutd201223

Methylation Genomics (SNPs)

How to appropriately apply gen@mic informatiquualinically
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Single-Nucleotide Polymorphisms (SNPs)

* Common genetic variants

— Most of us have millions of SNPs

* These SNPs may alter the activity of a particular enzyme
— Upregulate
— Downregulate

 Genes do NOT make your destiny!



Methylation Pathway Genomics

« Remember which SNPs upregulate
vs. downregulate
— Three in the middle upregulate
— All the rest downregulate

e Remember, SNPs are just a
predisposition
— MTR: actual upregulation of
homocysteine conversion

— BHMT: patient has tendency to under-
utilize the backup pathway (makes
sense with results)

— GNMT: patient has tendency to dispose
of SAM and make more SAH

Folate Cycle
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Methylation Pathway Genomics

 SNPs that downregulate:

— MTHFR A1298C: reduced
conversion to activated folate
* Clinically consider reaching for your
5-MTHF
— MTRR: predisposition toward
slow repair of oxidized (inactive)
B12

— MAT1A: predisposition toward
slow conversion of methionine to
SAM

e Consider short-term application of
SAMe supplementation?

Folate Cycle




Case Analysis Thus Far

* Therapeutic Interventions:

— Folate (consider 5-MTHF d/t et Gy
MTHFR SNP)
— B12 (consider methylcobalaminin %
this case) @
— Betaine to support backup o0
pathway
— May also consider SAMe short-
term

— Glycine?...to be continued



Methylation

Methylation Balance Ratio

Genetic Polymorphism Transsulfuration

a4 DOWNREGULATING SNPS  UPREGULATING SNPS || o i o
MTHFR MTR .
SAM ¥ Cysteine
Ce77T A2756G D@ i
Homocysteine 4 Glyene
A1298C cBs
Methionine ¥ 00 Serine
_ COMT CB99T
Betaine
V158M BHMT
MTRR GT42A
AGEG 14} GNMT
MAT1A c1289T GpQp
DIBTTTA &P
SHMT1
C1240T
S PN AN /

Methylation Status

SAM/SAH Ratio

_—

Low

High

Methylation Balance —

Un-methylated

Matabolies

Met/Sulf Balance _

Methyl Group
D,

Transsulfuration

Methylation

© Genova Diagnostics - A. L. Peace-Brewer, PhD, D(ABMLI), Lab Director - CLIA Lic. #34D05§55571 - Medicare Lic. £34-8475



The Methylation Balance Ratio

* Novel functional assessment for
overall methylation balance

Folate Cycle

 Compares 8 different biomarkers
— 4 biomarkers with a methyl group to

glve Methylation Balance _

Un-methylated Methyl Group

— 4 biomarkers that have had a n Metabolites Donors
group removed )

* An explanation will be in the support

d METHYL
ulae . . GROUP
8 Methylation Balance Ratio
Methylated Metabolites Un-Methylated Metabolites
SAM SAH
Methionine Homocysteine
Betaine DMG
Serine Sarcosine

* This ratio is unique to GDX and is
being researched

Mato JM, et al. Ann Hepatol. 2015;12(2):183-189.



Folate Analytes — Glycine/Serine

* These analytes are tricky because
they are involved in so many
different biochemical pathways

* Glycine:
— Needed as glutathione precursor
— Needed for SAM disposal

* Serine:

— Primarily used in methylation balance
calculation

Folate Cycle

™ ™
( Betaine /l ( Glycine /,l_.

..




Let’s Do Another
Case!




55 yo Male: “George”

* 10 year hx obesity

 Began Paleo Diet 3 mo ago for weight
loss

— Very high meat intake (not particular about
quality of meat)

— Very low complex carbohydrates/Low fiber

* Has been exercising 3-4x per week
— Mostly anaerobic

* Family History
— Cardiovascular Disease

— Alcoholism




Let’s Look at the Pathway
* High SAM/High Methionine
 High Homocysteine

* High Choline, Serine, Glycine

* A lot of these elevations
correlate to both high protein
and overweight/obesity

i

Methylation Genetic Polymorphism

Ho " DOWNREGULATING SHPS UPREGULATING SHPS Cystas
MTHFR MTR
SAM & Tawarine
C&77T AZTSEG
Methionine Cysteina
A120BC CBS
Chaline H Glycine &
COMT CeaT
Serine
V15E8M BHMT
MTRR Graza Gply
ABEG  SpEN GNMT
MAT1A c1289T §piy
DHa777TA
SHMTY
C1240T
FaAR %,
Methylation Status
w
_SAM/SAH Ratio [ s
Low High
w
Methylation Balance [ e
Un-methylated Methyl Group
Metabolites Donors
Met/Sulf Balance B
Transsulfuration Methylation




ver-Methylation and Plasma SAM/SAH

Many articles report that higher
levels of SAM are associated

with...

— Higher BMI

— Higher protein intake
— Higher caloric intake
— Overweight/Obesity

Is metabolic syndrome an over-

methylation disorder?

T ef al Murriian & Metabedien (2078 1547
hittpeciidol orgi10.7 186/ 1 29806-01 B0 283-x.

REVIEW

Nutrition & Metabolism

Open Access

DNA methylation landscapes in the @ o
pathogenesis of type 2 diabetes mellitus

Zheng Zhou'”, Bao Sun™", Xisoping LI" and Chursheng Zhu'™

Abstract

Although genetic variztions and envirormental factors are vital to the development and progression of type 2

diabetes melfitus (TZDOM), emerging literature suggest that epigenetics, especially DNA methylati
of pancreatic B cells and the body's resistance to insulin.

in the pathogenesis of T2DM by affecting insulin secret

n, play a key role

Previows studies have elucidated how DNA methylation interacted with various factors in T2DM pathogenesis. This

review surmmarized the role of related methylation genes in insulin-sersitive organs, such as pancrestic ish
muscle, liver, brain and adipose tissue, as well as peripheral blood cells,
methylated genes, aiming at a better understanding of the pathogene

<, skeletal
comparning the tissue simiarity and specificity of
s of TZDOM and providing new ideas for the

personalized treatment of this metabolism-associzted disease.

Keywords: T2OM, DMNA methylation, Insulin secretion, Insulin resistance, Insulin-sensitive crgans

Background

Type 2 diabetes mellitus (T2DM), characterized by a
complex, multifactorlal, and chronic condition that often
necessitates the use of varlous medications w achieve
normal bleed glucose, is a complex endocrine and meta-
bolic disorder with dire consequences for human health
and well-being. Globally, the estimated prevalence of
TZDM s 415 million people n 2015 worldwide, and this
figure is projected to rise to 642 million people by 3040
[1]. Significant advances have been made over the past
few decades in the understanding of glucose homeostasks
and the pathophysiology of TZDM |2]. Howeves, elabor-
ate molecular mechanisms for its pathology remains far
from clear.

Increasing evidence showed that the interaction be-
tween several genetic and enviconmental factors contrib-
wted to the risk of developing TZDM by causing certain
degrees of insulin resistance and pancreatic B-cell dysfunc-
tion [3]. Candidate approaches localized several disease
genes, such as transeription factor 7 like 2 (TCF7LE) [4].
Genome-wide assoclation studies and meta-analysis pro-
vided new insight into the genetic architecture of T2DM
|5, 6]. Howeves, although over 100 genetic locl had been

identified, they collectively explained 10% susceptibility to
T2DM, implying other possibilities influencing the nature
«of disease [7]. Eplgenetics, In particular DNA methylation,
was also implicated in the pathogenesis of TZDM and
other complex metabollsm-associated diseases by altering
the expression of genes [3—10]. Even more, eplgenetics
budlt 2 molecular link berween envirenmental factors and
TIDM [9]. This review focused on DNA methylation
landscapes in such insulin-sensitive organs as pancreatic
Islets, skeletal muscle, liver, kKidney, brain and adipose
tissue, as well as peripheral blood cells (Table 1),

DNA methylation
DMA methylation refers to the regulation of gene ex-
presston  kn  the presence of impeccable DNA
sequences with Its patterns set up by DNA methyl-
transferases  [DNMT),  including DNMT3A  and
DNMTAB in early development. More than half of
the genes In vertebrate genomes are assoclated with
cytosine-phosphate-guanine (CpG) Blands, which is
related to the activity of gene transcription [11].
Thus, DNA methylation has been suggested as a nat-
ural Integrator of genetie susceptibflity and environ-
mental exposure in common disease by playing a key
role theoughout 1ife in tssue specific gene regulation
and transcription [1Z, 13].



Over-Methylation: Is it a Thing?

S/Sx associated with over-
methylation:

— Anxiety

— Depression

— Panic attacks

— Attention deficit hyperactivity
disorder (ADHD)

— Behavior disorders
— Sleep disorders

— Restlessness

— Schizophrenia

* How does it happen?
— Taking too much folate

— Enzyme SNPs that upregulate
remethylation of homocysteine

 Potential causes:

— High SAM levels altering
neurotransmitter metabolism?

* This has not been fully studied



Over-Methylation: Is it a Thing?

 What to look for on lab testing

— Low Homocysteine (<2umol/L)
— High SAM/SAH
— High Sarcosine?

e Common clinical intervention:
— Niacin
— Glycine

— Vitamin B-6



Therapeutic considerations

e Considering his diet and his
results:

Folate Cycle

— Ensure getting adequate dietary
B-vitamins

ATP, Mg, K

l

Choline \

* Especially vitamin B12

L

CBetaine) CGchine ‘)\

— Consider supplementation with Zn

# oc)?
“C omc ) —(sarcosine

* SNP toward BHMT upregulation

* Reduce protein intake?

— Betaine Supplementation?

4. Betaine/Choline Ratio 3.8 I . 4

METHYL
GROUP

2.6-7.7



Let’s Look at One More

* High homocysteine

* Borderline high SAH

S-MTHF

 SAM and methionine look good

— SAM/SAH Ratio & Methylation
Balance on the low side

e So what do we consider?

— Transsulfuration support

_ Miner:lc' NMo 7n
Ratios

— Vitar
1. Methylation Index (SAM/SAH Ratio) 3.2 : & : - - | I 2.2-6.4

2. Methylation Balance Ratio 1.09 | | L f } I I 1.03-1.20




Transsulfuration
Now that you are all experts...




2. Moving to Transsulfuration

e What do we see under
transsulfuration?

— Glutathione

* One of the body’s most powerful
antioxidants

METHYL
GROUP

— Pyruvate

e Cellular energy

— Taurine 4 m(#

Energy Production § Detoxification

‘ﬂ- Cystathionine ﬂ’ GSS Glutathione
B E6




Transsulfuration

* Key takeaway!

* Transsulfuration is upregulated
by two critical factors:

* Higher SAM levels

e Oxidative Stress

METHYL
GROUP

ionine % GSS Glutathione
B&

Stabler SP, et al. Blood. 1993;81(12):3404-3413.



Transsulfuration

 Keep in mind:

 SAM availability determines the
rate that homocysteine goes
through transsulfuration

* Translation...

— Glutathione production will not
take priority over creating SAM for
methylation reactions

e Low SAM = Low Glutathione

METHYL
GROUP

Glutathione

Stabler SP, et al. Blood. 1993;81(12):3404-3413.



Transsulfuration Interpretation

Methylation Genetic Polymorphism Transsulfuration

Homocysteine DOWNREGULATING SNPS  UPREGULATING SNPY || & othionine
MTHFR MTR _
SAM A Taurine
C677T A2756G _
Methionine Cysteine
) A1298C (4} CBS .
Choline Glycine
comT C699T _
Serine
V158M BHMT
MTRR craza QO
ABBG P&y GNMT
MAT1A c1289T &)
D18777A
SHMT1
C1240T
- AN \_ /
Methylation Status
v
SAMISAH Ratio M A

Methylation Balance R

Low

High

Un-methylated
Metabolites
—

Methyl Group

Met/Sulf Balance

T

Transsulfuration

Methylation

i Genova Diagnostics © A. L. Peace-Brewer, PhD, D{ABMLI), Lab Direetor - CLIA Lic. #34D0653571 - Medicare L. #34-8475

35341
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The Met/Sulf Balance Ratio

* Novel functional assessment for
methylation v transsulfuration balance

 Compares 8 different biomarkers

— 4 biomarkers from methylation pathway

— 4 biomarkers from transsulfuretswif Balance
pathway

* An explanation will be in the support guide
Met/Sulf Balance Ratio

Methylation Metabolites Transsulfuration Metabolites
SAM Cystathionine
SAH Cysteine
Methionine Taurine
Homocystiene Glutathione Detoxification

GSS Glutathione |

* This ratio is unigue to GDX and is being
researched

Taurine

Mato JM, et al. Ann Hepatol. 2015;12(2):183-189.



Putting it together

 SAM/SAH ratios look okay...

— However, homocysteine is still high

* Met/Sulf balance is favoring
methylation over transsulfuration

— Remember, prefer to have all ratios
toward the middle

* Unless clinically you have a reason to
push a particular pathway

Methylation

Transsulfuration

Y

oo aumtl] wT

1N o)

—-{ Main Palhway *

Backup Pathway 4

Genomic Resut @9




Blind Case — You Try!

Methylation Genetic Polymorphism Transsulfuration

SaH A DOWNREGULATING SNPS UPREGULATING SNPS || ~ .
MTHFR MTR .
Methioning . _ Cysteine
CETTT o AZTEEG Glycine &
A1298C cBS
comT CB99T
ViISBM )G BHMT
MTRR Graza o
AGEG (o GNMT
MAT1A C1289T o
D18777A 000
SHMT1
ci1240T 00
\ AN VAN J
Methylation Status
SAM/SAH Ratio _l"”l BT ]
Low High
Methylation Balance _Il“ | ||||_
Un-methylated Methyl Group
Meatabolites Donors
MoySulf Balance M o
Transsulfuration Methylation

© Genove Diagnosaecs - & L. Pesce-Brewer, PRI, D{ABMLE), Lab Director - CLLA Lic. S34D0ES55TI - Medicans: Lic. S34-8475

Methioning

ATP. Mg K

Folate Cycle

|

Ouidhized

.._(B;;}ng D G=d,

o
A

:-"‘.'C DMG ) {-(Samusina):';:

SAM. B2, B3 \ |
=1} J GNMT

Methylation

Transsulfuration

BE

Taurine

METHYL

GROUP
Enzyme MTR
Cofactors ~B3-

Main Pathway *

Backup Pathway -

Genomic Result Q&

i




Where Do You Start?

Folate Cycle

* Always start with the analytes
that are most clinical significant!

1. SAM, SAH, SAM/SAH

e Then try to determine where the

backup is... ‘ -
SAM/SAH Ratio — E_
2. Choline/Betaine Balance Low High

 Associated with many metabolic

[ T T W F—

risks 4. Betaine/Choline Ratio

3. Glutathione
Production/Transsulfuration

* Then try to determine where the
backup is...




Where Do You Start?

* Then widen the lens to look at
overall pathway balance

4. Methylation Balance Ratio

e  What is contributing most to the
imbalance?

5. Met/Sulf Balance Ratio

*  Whatis contributing most to the
imbalance?

6. Genomics

 Explain why trouble spots may exist

and prevention

Folate Cycle

METHYL
GROUP

Methylation

Transsulfuration

Enzyme

B3

Cofactors

Main Pathway +

Backup Fathway e

Genomic Result @&

(Quctionsr )

Glutathion




Ratios Summary

« SAM/SAH Ratio
— Most severe alteration of methylation balance

 Methyl Balance Ratio
— May be able to detect methylation imbalance earlier
— May indicate needs for vitamin B-12, folate, choline, or betaine

e Met/Sulf

— Looks at balance between two interdependent pathways
— May indicate needs for vitamin B-6, magnesium, and antioxidant support



Treating Methylation Dysfunction



Methylation and What To Do

 Methylation Imbalances

— Methylation Support
* Green leafy vegetables

* Folate or 5-MTHF
* Activated vitamin B-12 -

* Betaine
* Zinc

* Transsulfuration Imbalances MethanmCtmplex E
e Glutathione : é

* Antioxidants
* Glycine

* Vitamin B-6
* Magnesium

MessENTIAL VITAMINS =

% ) Capsules Y
« Dietary Supplement

 The Methylation Panel helps clinicians decided
which area needs more support

— We may even get more information to figure out
what forms of B-vitamins are best for a patient

£ Metagenics'

Methyl Care

r althy Methylatior
o Me I

EFEDI'

- m:rm .
. SUPPLEMENT 120 CAPSULES K

DaVaner seneriTs

METHYL BENEFITS™

THORNE'

Methyl-Guard Plus®
Methdatson Factors

1
DISTARY SUPPLEMENT s

\ E

|
Metbyl-Balance ,

| B ;“....,.n_j

QC starian Capsulés




Folate

* Dietary intake of folate-rich foods

— Leafy green vegetables, legumes, citrus fruits, beets, and whole grains
— People with significant MTHFR SNPs may have difficulty converting dietary folates into 5-MTHF

 Folic acid

— Lots of debate regarding this supplement
— Has been vilified recently, perhaps unfairly

 Folinic acid

— Used with 5-fluorouracil and methotrexate

5-MTHF

— lrreversibly committed to the methylation cycle
— Potential for over-methylation?

Gaby, A. Nutritional Medicine. Fritz Perlberg Publishing, 2017.



Vitamin B-12

Deficiency common among elderly
— Hypochlorhydria

— Pernicious anemia

— H. pylori infection

Dietary sources: meat, poultry, fish, dairy, and eggs

Methylcobalamin

— Cyanocobalamin is synthetic and must be converted by the body into methylcobalamin

Serum B-12 measurements may not tell the whole story

— Methylmalonic acid

Gaby, A. Nutritional Medicine. Fritz Perlberg Publishing, 2017.



Vitamin B-6

Particularly useful if showing poor glutathione production

Depleted by environmental toxicants and certain medications

— PCBs
— Hydrazine
— Oral contraceptives

Dietary sources:

— Potatoes, bananas, meat, and whole grains

Pyridoxine vs P-5-P
— Uncertain absorption of P-5-P
— 10-200 mg/day

Gaby, A. Nutritional Medicine. Fritz Perlberg Publishing, 2017.



Zinc

* Very common mineral insufficiency
* Used in both main and backup methylation pathways

e Dietary sources: seafood, meats, whole grains, wheat germ, dairy, and
legumes

 Competitive inhibition with copper
— Also bound by calcium intake
— May be depleted by ACE inhibitors, PPIs, and glucocorticoids

Gaby, A. Nutritional Medicine. Fritz Perlberg Publishing, 2017.



Choline/Betaine

e Assists with methylation pathway as well as adequate supply of choline
for other pathways

e Useful in metabolic syndrome and NASH

e Dietary sources: organ meats, eggs, wheat germ, soybeans, and meat
— Beets (Betaine)

* Soy lecithin

Gaby, A. Nutritional Medicine. Fritz Perlberg Publishing, 2017.



Glycine

 Has been used in multiple clinical conditions
— Anxiety
— Poor detoxification (glycination pathway)
— Poor sleep quality

* Indirectly supports methylation pathways

e Tastes great!

Gaby, A. Nutritional Medicine. Fritz Perlberg Publishing, 2017.



SAMe

e Extensively researched in multiple conditions
e Directly supplies methyl donors

e Concerns:
— Bipolar and Schizophrenia

— Over-methylation
— Expensive
— Clinical trials use very high doses for mood and musculoskeletal conditions

Gaby, A. Nutritional Medicine. Fritz Perlberg Publishing, 2017.



Support Materials

 Website Materials:
— Methylation Pathway Chart
— Methylation Panel Support Guide
— Intro to Methylation Video
— Sample Report

e Case analysis and clinical
consultation with medical
education specialists

— 800.522.4762 to schedule

METHYLATIE&N
g ENOVA PANEL

3 B3 Filicoa Street
I 5 [ Askaila, NG 28801
"R O Gen

Fatlent: Sample Patient

RM:

| 3534 Mathylation Panel - Plasma & Whole Blood

Interpretation At-a-Glance

Methionine

‘Sarcosne
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Explore

WWW.GDX.NET

for more information and
educational resources, including...

LEARN GDX — Brief video modules

LVEGDX — Previous webinar recordings

Gl University — Focused learning modules
~ Presenter: Conferences — Schedule of events we attend
Michael Chapman, ND Test Menu — Detailed test profile information

MY GDX — Order materials and get results
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Upcoming VEGDX Webinar Topics

Wednesday, September 25t 2019

Lifestyle Medicine and the Methylome
Kara Fitzgerald, ND,

Register for upcoming “VE GDX Webinars online at www.GDX.NET/LIVEGDX

The views and opinions expressed herein are solely those of the presenter and do not necessarily represent those of Genova Diagnostics.  LIVE GD}(-
Thus, Genova Diagnostics does not accept liability for consequences of any actions taken on the basis of the information provided.



Introducing Genova's Innovative Methylation Panel
Discussion on Clinical Utility and Case Review

Michael Chapman, ND




