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Technical Issues & Clinical Questions

Please type any technical issue or clinical 
question into either the “Chat” or 

“Questions” boxes, making sure to send them 
to “Organizer” at any time during 

the webinar.  

We will be compiling your clinical questions 

and answering as many as we can the final 15 
minutes of the webinar.  

DISCLAIMER: Please note that any and all emails provided may be used for 
follow up correspondence and/or for further communication.



Need More Resources? 

Explore

WWW.GDX.NET 
for more information and 

educational resources, including… 

LEARN GDX – Brief video modules
LIVE GDX – Previous webinar recordings

GI University – Focused learning modules
________

MY GDX – Order materials and get results



Lifestyle Medicine and the Methylome
Holistic Strategies for Optimising the Epigenome and Methylome

Presented by Kara Fitzgerald, ND



• Review DNA methylation and its importance to aging 

and health span

• Discuss the wide range of factors that influence 
methylation status

• Provide practical assessment and intervention tools 

to support balanced methylation, including 
supplements, diet, and lifestyle

• Learn what’s next in assessing the methylome in 
clinical practice

Objectives for This Presentation
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• “One-carbon metabolism” = transfer or formation of methyl (CH3) groups

• CH3 formation by additional hydrogen: e.g. MTHFR

• CH3 transfer from a methyl donor, commonly SAMe: e.g. COMT

Methylation Reactions



• German physician, Wilhelm His, discovered 

the body’s ability to methylate in 1887 

• The mechanism of methylation (role of S-
adenosyl methionine as active co-factor) in 
methylation reactions wasn’t discovered 

until much later, in 1953 by Cantoni

Discovered by Wilhelm His

Photo: http://www.issx.org/page/Methylation.



SAMe = Major Methyl Donor

Photo: https://en.wikipedia.org/wiki/S-Adenosyl_methionine.



Photo: https://wellnessdoctorrx.com/introduction-to-dna-methylation-status-activity/.







208 Human Methyltransferase Enzymes Identified

Including:

• Histamine N-methyltransferase

• Catechol O-methyltransferase

• DNA methyltransferases

• RNA methyltransferases

• Glycine N-methyltransferase

• Indolethylamine N-methyltransferase

• Leucine carboxyl methyltransferases

• Nicotinamide N-methyltransferase

• Methionine synthase

• Betaine-homocysteine S-

methyltransferases

• Protein arginine methyltranferases

Petrossian TC et Clarke SG. Mol Cell Proteomics. 2011;10(1):M110.000976.



• Cell division (DNA, RNA synthesis and repair)

• Early CNS development (neural tube defects)

• Immune cell differentiation

• Neurotransmitter biosynthesis and metabolism (dopamine, norepinephrine, epinephrine, 
acetylcholine, and melatonin)

• Histamine clearance

• Detoxification and hormone biotransformation

• Cellular energy metabolism/phosphocreatine synthesis

• Phospholipid synthesis

• Myelination of peripheral nerves

• Epigenetic regulation of gene expression (esp gene silencing)

Methylation Uses



Formation of DNA Bases

Photo Adapted: https://www.pharmacorama.com/en/Sections/DNA-RNA-biosynthesis-6.php.

dTMP = deoxythymidine monophosphate

TS = thymidylate synthase

Thymidine 

triphosphate

Incorporatio

n into DNA

TS

*note methylene THF as methyl donor for this reaction



Epigenetic (DNA) Methylation

Photo: https://pubs.niaaa.nih.gov/publications/arcr351/6-16.htm.



“Methylation is happening in 

EVERY cell ALL of the time”

Joslin AC, et al. Genes Nutr. 2014;9(5);419-36.



“Two Areas” of Methylation Activity

Metabolic (e.g. COMT) Epigenetic (DNA)

Photo: https://en.wikipedia.org/wiki/Catechol-O-methyltransferase

Photo: https://en.wikipedia.org/wiki/DNA_methylation 

DNA 



Fahy GM, et al. Aging Cell. 2019;00:e13028.



Advancing Our 

Understanding of the 
Human Methylome:

Optimising epigenetic expression has 

the potential to modify disease, health 

span and lifespan.

Broad, upstream dietary and lifestyle 

interventions appear essential for 

optimising epigenetic expression.



• Highly regulated – DNA methylation marks very stable, but malleable (continuum)

• DNA methylation favored at embryogenesis

• Methylation at CpG islands by DNMT enzymes (associated with gene repression)

– Histone methylation (can induce or inhibit expression)

– RNA methylation

– Mitochondrial DNA methylation (miDNMT)

– Demethylation (active and passive)

Genetic Methylation

Bagga S. BioFiles. 2012;7(3):1-20.



• DNMT1 responsible for maintenance of DNA methylation patterns

• DNMT3A and DNMT3B carry out de novo methylation activity.

– DNMT3 role in genomic imprinting during embryonic development. 

DNA Methylation and Demethylation

Stefanska B, et al. Br J Pharmacol. 2012;167(2):279-97.

H Yang, et al. Oncogene. 2013;32(5)663-69.

Rampal R, et al. Cell Reports. 2014;9(5):1841-55.



• Ten-eleven translocation enzymes 1-3

– Demethylation- “part of the clean-up crew that sanitizes DNA methylation imprints for the next 

generation”  

– Oxidizes 5mC to 5hmC 

– Major players in genomic imprinting during embryonic development

– High quantity in CNS

– TET2- known tumor suppressor, often inhibited in cancer cells

– Other players in demethylation: enzymes and ROS

DNA Methylation and Demethylation

Stefanska B, et al. Br J Pharmacol. 2012;167(2):279-97.

H Yang, et al. Oncogene. 2013;32(5)663-69.

Rampal R, et al. Cell Reports. 2014;9(5):1841-55.



Leoni C, et al. Swiss Med Wkly. 2015;145:w14191.



DNA Methylation Changes as 
Cause, Mechanism and Consequence of Disease



DNA Methylation and Cancer

Study Study Outcomes

Mijnes et al., 2018
Shalaby et al., 2018

Wojtczyk-Miaskowska et al., 2017

Takeda et al., 2016

Guo et al., 2015
Bhagat & Krishnamoorthy, 2014

Promoter methylation of DNA repair genes inhibits expression in several cancers, 

including bladder, rectal, endometrial, non-small-cell lung carcinoma (NSCLC) and
epithelial ovarian cancer.

Karpf (ed.), 2013

Epigenetic inactivation of BRCA1 via promoter hypermethylation plays an important 

role in tumorigenesis in a wide array of cancers including breast, ovarian, gastric, 
bladder, NSCLC (hereditary and sporadic forms).

Yang & Park, 2012

Aberrant promoter methylation (hypo/hyper) of critical pathway genes could be 

potential biomarkers and therapeutic targets for prostate cancer. Genes involved 

include androgen receptors (AR), retinoid acid receptor beta (RAR, tumor suppressor 
gene), glutathione S tranferase P1 (GSTP1), multidrug resistance 1 (MDR1), 

methylguanine-methyltransferase (MGMT, DNA repair gene).



DNA Hypermethylation and Cancer

• Pooled cancer cell lines 

from breast, prostate, lung, 
ovarian, endometrial, liver 
and pancreatic cancer cells, 

as well as neuro-blastoma
and leukaemias

Varley KE, et al. Genome Res. 2013;23(3):555-67.



Demethylating Agents are Used In Cancer Therapy

Mani S, et al. Adv Genet. 2010;70:327-40.



DNA Methylation and Other Diseases

Study Study Outcomes

Qazi et al., 2017 Marked loss of DNA methylation takes place in brains affected by 

Alzheimer’s disease. Hypermethylation of ApoE4 promoter is a high risk 
marker associated with late-onset Alzheimer’s Disease (LOAD)

Demura & Saijoh 2017 “Increasing evidence from both human and animal studies indicates that 

DNA methylation exerts a causal impact on the development of 
hypertension.”

Aberg et al., 2018 Identified and replicated methylated CpG loci associated with major 

depressive disorder (MDD) that are “involved in biological functions of 
likely importance to MDD etiology.

Dunn et al., 2014 Disturbed blood flow in carotid artery results in hypermethylation with 

promoters of 11 mechanosensitive genes.. which alter endothelial gene 
expression and induce atherosclerosis.



Wang Z, et al. Cell Mol Life Sci. 2018;75(18):3353-369.



Study Populations Study Outcomes Evidence Offered

Överkalix cohort 1890-1995
(Kaati et al., 2002; Bygren et 
al., 2014)

Grandparent food supply during prepubertal 
‘slow growth period’ associated with first & 
second generation disease/mortality. Low food 
availability correlated with low CVD mortality. 
Surfeit of food correlated with increased 
diabetes mortality.

Transgenerational environmental (non-
genetic) origins of health and disease

Dutch Hunger Winter of 
1944-45
(Schulz, 2010)

Maternal exposure to famine during gestation 
associated with later disease including obesity, 
CVD

Foetal environmental (non-genetic) 
origins of health and disease

Chinese famine of 1959-61
(Wang et al., 2016;
Xin et al., 2018)

Maternal exposure to famine during gestation 
associated with later disease including 
dyslipidemia and cognitive impairment

Foetal environmental (non-genetic) 
origins of health and disease

Establishing Non-Genetic Transgenerational & Fetal Origins of Disease

Rural Gambia
(Waterland, et al, )

Season of conception (associated with marked 
dietary differences) in rural Gambia affects DNA 
methylation at metastable epialleles.

Foetal environmental (non-genetic) 
origins of health and disease



Year/Author Study Outcomes Evidence Offered

Project Ice Storm 1998 –
2011
(Cao-Lei et al., 2014)

Prenatal maternal objective hardship 

correlated with DNA methylation changes in 
offspring

Human transgenerational origins of 

altered DNA methylation. 

2018 Sun et al.
(Human and animal 
study)

Retrospective human study showed paternal

pre-conception cold temperature exposure 
increased brown adipose tissue formation in 

offspring. Supporting mouse study showed 

associated changes in DNA methylome

Human transgenerational 

environmental origin of physiological 
changes, likely via DNA methylation 

including on paternal side

DNA Methylation and Other Epigenetic Imprints as Mechanism of 

Inheritance – Human Studies



Formation of SAMe - Universal Methyl Donor

Photo: https://wellnessdoctorrx.com/introduction-to-dna-methylation-status-activity/.



Formation of SAMe: Nutrient Cofactors and Allosteric Activators

Photo: https://wellnessdoctorrx.com/introduction-to-dna-methylation-status-activity/.







Study Outcome Evidence Offered

2003 Waterland & Jirtle Agouti mouse study used maternal FA, B12, 
choline, betaine to shut down Agouti gene 
expression in offspring via DNA methylation

Supplemental maternal methylation 
cofactor nutrients alter gene 
expression in offspring

2006 Dolinoy et al. Agouti mouse maternal genistein
supplementation induces DNA 
hypermethylation that silences Agouti gene 

in offspring

Foetal exposure to non-methyl 
donor (‘adaptogen’) has lasting 
epigenetic effects

2007 Dolinoy et al. Agouti mouse maternal methyl donors (FA, 
B12, choline, betaine) or genistein
supplementation reverses BPA-driven 

hypomethylation of Agouti gene

Fetal exposure to methyl donors and 
non-methyl donor (‘adaptogen’) 
prevents negative epigenetic effects 

of toxin

2018 Yang et al. Maternal betaine supplementation induced 
DNA methylation changes and altered IGF2 
gene expression in offspring (rats)

Supplemental maternal methylation 
cofactor nutrients alter gene 
expression in offspring

Changing DNA Methylation Status in Offspring Using Maternal Diet –

ANIMAL Data



Photo curtesy Randy L. Jirtle, PhDhttps://learn.genetics.utah.edu/content/epigenetics/nutrition /.



Behavioral Programming (Dr. Szyf)

Szyf M, et al. Front Neuroendocrinol. 2005;26(3-4):139-62.



Maternal Epigenome

• Tactile contact between mother 

and infant associated with 
altered epigenetic signatures in 

children even 4-5 years later

• For low contact group, 
significant, negative association 
between infant distress and 

older child epigenetic age 
deviation

Moore SR, et al. Dev Psychopathol. 2017;29(5):1517-538.

Horvath S. Genome Biol. 2013;14(10):R115.



Study Outcome Evidence Offered

2003 Ingrosso et al. Human, controlled study of males with 
hyperhomocysteinemia used folate to restore global 
DNA methylation to that of healthy controls

Supplemental methylation cofactor 
nutrients alter gene expression outside of 
foetal developmental window

2012 Tyrka et al. Human childhood adverse experiences associate 
with epigenetic changes on glucocorticoid receptor 
gene

Early life psychological stress experiences
alter gene expression which persists into 
adulthood

2017 Arpón et al. Data subset from PREDIMED-Navarra clinical trial 
showed that intervention with Mediterranean Diet + 
nuts, and separately + extra-virgin olive oil resulted 

in methylation changes in several genes relating to 
insulin sensitivity, energy regulation, CVD risk

Supplementation with non-methyl donor 
(‘adaptogen’) alters gene expression 
outside of fetal developmental window

2017 Karimi et al. 1.7g DHA + 0.6 g EPA for 6 months resulted in global 
DNA hypomethylation in peripheral blood leukocytes 
of Alzheimer’s disease patients

Supplementation with non-methyl donor 
(‘adaptogen’) alters gene expression 
outside of fetal developmental window

Plasticity of DNA Methylation 
At Other Life Stages – HUMAN Data



Study Outcome Evidence Offered

2017 Bilir et al. 30 mg/d genistein for 3-6 weeks resulted 

in differentially methylated sites and 
expressed genes compared with placebo

Supplementation with non-methyl 

donor (‘adaptogen’) alters gene 
expression outside of foetal

developmental window

2017 Shorey-Kendrick et al. Maternal smoker supplementation of 500 

mg/d vitamin C improved offspring 
pulmonary function at age 1 yr and 

normalized 69.03% of maternal CpGs with 

at the most methylation difference 

between placebo and nonsmoker groups

Supplementation with non-methyl 

donor (‘adaptogen’) alters gene 
expression outside of foetal

developmental window

Plasticity of DNA Methylation 
At Other Life Stages – HUMAN Data



Meeran et al. Clin Epigenetics. 2010;1(3-4):101-116.



Meeran et al. Clin Epigenetics. 2010;1(3-4):101-116.



• In vitro study utilizing TRAMP-C1 cells showed that DIM 

suppressed DNMT expression and reversed CpG
methylation status of Nrf2 resulting in enhanced 
expression of Nrf2 and Nrf2-target gene NQO1

• In vivo study, TRAMP mice fed with DIM -supplemented 
diet showed much lower incidence of tumorigenesis 

and metastasis than the untreated control group
similar to what was reported previously

Wu TY, et al . AAPS J. 2013;15(3):864-74. 



Mukherjee N, et al. Curr Pharmacol Rep. 2015;1(2):112-20.



Additional Environmental Factors with Effects on the 
DNA Methylome

Study Outcome Evidence Offered

Hodge et al. 2005
(In vitro study)

IL-6 regulates activity of DNMTs, mRNAs and histone 
methyltransferases, in vitro

Mediators of inflammation operate via 
epigenetic mechanisms

Hou et al. 2012
(In vivo and in vitro study)

Compounds show in vitro and in vivo to induce DNA 
methylation and miRNA changes that are associated 
with human diseases including CVD, diabetes, cancer: 

arsenic, nickel, cadmium, chromium, aluminum, 
mercury, lead, pesticides, air pollution, benzene, BPA, 
dioxin, RDX, DES

Environmental toxins may increase 
risk for chronic disease via epigenetic 
mechanisms

Ren et al., 2012
(Human study, 500 

women)

Long-term tai-chi practice (1+ hours per week, 3+ 
years) associated with slowing of age-related DNA 
methylation losses, of between 5-70% compared with 

controls. Most beneficial from ages 50-55+

Long-term, regular exercise may 
preserve age-related global DNA 
methylation losses



Additional Environmental Factors with Effects on the 
DNA Methylome

Study Outcome Evidence Offered

White et al., 2013
(Human study, 647 women)

Regular exercise on or above the median 
throughout a lifetime acts to preserve age-related 
depletion of global methylation status 

Regular exercise over a lifetime may 
preserve age-related global DNA 
methylation losses

Neuman et al., 2013
(Rodent study)

Exercise prevents folate deficiency-induced 
hyperhomocysteinemia at least in part via 
increased BHMT expression (two-fold) in kidney

Exercise alters expression of genes 
involved in SAMe recycling pathway

Massart et al. 2014
(Rodent study)

Acute sleep deprivation altered cortical genome-
wide distribution of DNA methylation and 
hydroxymethylation, especially in pathways related 

to neuritogenesis, synaptic plasticity, cytoskeleton, 
signaling and neurotransmission

Sleep status affects epigenetic 
imprinting

De Souza e Silva, 2014
(Systematic review, human 

studies)

Daily physical activity is consistently associated 
with lower plasma homocysteine levels in a dose-
dependent manner

Exercise affects levels of intermediates 
in methylation pathways



Additional Environmental Factors with Effects on the 
DNA Methylome

Study Outcome Evidence Offered

Lindholm et al., 2014
(Human study, 23 M/F)

Single-leg training (cycling) for 45 minutes, 4 
times per week, for 3 mo resulted in >5000 
myocyte DNA methylation changes in genes 

related to energy metabolism, insulin response 
and inflammation in active leg but not in control 
(other leg)

Regular, moderate-intensity exercise 
produces localized DNA methylation 
changes in muscle cells (tissue 

specific)

Rowlands et al. 2014
(Human study, 17 M/F)

16 weeks of endurance or resistance training in 
obese adults led to multi-omic changes observed 
including miRNA, proteome, methylome, 

transcriptome. 

Short-term aerobic exercise programs 
alter DNA methylation

Cedernaes et al., 2015
(Human study, 15 M)

Acute sleep deprivation (1 night) increased 
methylation in specific genes in adipose and 
skeletal muscle core clock genes.

Rapid epigenetic changes can occur 
due to acute sleep deprivation.



NASA Twins Study “NASA twins no longer identical after space flight alters DNA” (Independent) 

• Scott Kelly spent 1 year living on the International Space Station. His identical twin brother, Mark, remained on 
Earth as control subject

• Epigenetic changes were observed during spaceflight that returned to baseline upon return 

• Preflight folate was low, consumption increased with space food system choices

• Scotts telomeres increased significantly while in space. They then shortened within about 48 hours of landing 
and stabilized at near preflight levels. Mark’s remained relatively stable

NASA Twins Study

https://www.nasa.gov/feature/nasa-twins-study-investigators-to-release-integrated-paper-in-2018.



Variability in Epigenome Lability

Al-Moghrabi N, et al. Clin Epigenetics. 2018;10(1):99-109.

Horsburgh S, et al. Exerc Immunol Rev. 2015;21:26–41.

Kim H, et al.  J Nutr Biochem. 2016;33:54–62.

Phillips T et al. Nature Education. 2008;1(1):117.

Rowlands DS, et al. Physiol Genomics. 2014;46(20):747-65.



Continuum of Methylation of the Agouti Gene

Dolinoy DC. Nutr Rev. 2008;66(1):S7-11. 



Al-Moghrabi N, et al. Clin Epigenetics. 2018;10(1):99-109.



Romagnolo DF, et al. Curr Dev Nutr. 2017;1(6):e000562.



Microbial Impact on Host Methylation Activity

Study Outcome Evidence Offered

Taki et al. 2005
(Human study)

Administration of B. longum to hemodialysis 
patients reduced serum homocysteine. Attributed 
to increased supply of folate produced by this 

species in the gut

Administration of folate-producing 
probiotics can alter host methylation 
pathway intermediates

Pompei et al. 2007
(Rodent study)

In folate-deficient rats, administration of B. 
adolescentis and B. pseudocatenulatum raised 
serum folate levels, even moreso with 

coadministration of prebiotic fructans

Administration of folate-producing 
probiotics can alter host serum folate 
levels

Rossi et al. 2011
(In vitro)

Species capable of producing folate in presence of 
PABA: L. plantarum, B bifidum, B. infantis, B. breve, 
B. longum, B. adolescentis, B. pseudocatenulatum

Gut microbes can produce methyl 
donor nutrients

D’Aimmo et al. 2014
(In vitro)

Most bacteria produce both THF and 5mTHF, with 
B. adolescentis producing highest levels of 5mTHF

Gut microbes can produce 
methylated forms of folate as well as 
THF



Microbial Impact on Host Methylation Activity

Study Outcome Evidence Offered

Kumar et al. 2014
(Human pilot study)

Higher levels of Bacteroidetes (vs 

firmicutes) associated with specific 
increases/decreases in promoter 

methylation on genes related to CVD, 

inflammation, metabolic pathways, 

cancer

Microbes may alter the course of 

chronic host/human disease via 
epigenetic regulation

Yu et al. 2015
(Rodent study)

DNA methylation of intestinal stem cells 

and epithelial cells is significantly 
dysregulated and reduced in germ-free 

mice. FMT to reestablish commensal 

populations correlates with significant 

increases in CpG methylation. 

Microbes play a directive role in 

host epigenetic regulation, 
beyond simple facilitation





Comprehensive Approach to Optimizing Epigenetic 
Methylation

Methylation 
Matrix

Genes Epigenetic 
modulators

Nutrient 
cofactors

Nutrient 
substrates

Dietary 
patterns

MedicationMicrobiome/

Mitochondria

Toxins

Stress/

resilience

Exercise/

Rest

Inflammatio
n/oxy-stress

Methyl 
donor 

depletion



• Run by the National University of Natural Medicine/Helfgott Institute, Dr. Kara Fitzgerald. Sponsored by 
Metagenics.

• Estimated enrollment 40 participants from Portland OR area, parallel assignment to intervention/ control 
groups

• Study population: Male, 50-72 years, healthy
• Study collection February 2018 – December 2018
• https://clinicaltrials.gov/ct2/show/NCT03472820

Pilot Study: The Effects of Diet and Lifestyle on Quality 
of Life and Methylation-related Biomarkers in Vivo

https://clinicaltrials.gov/ct2/show/NCT03472820


• Diet: Specific dietary guidelines outlined for participants. Rich in methylation nutrients/adaptogens, low 
glycemic, anti-inflammatory, (intermittent fasting/ketosis) etc…

• Sleep: Participants are encouraged to average a minimum of 7 hours of sleep per night

• Exercise: Participants are encouraged to exercise a minimum of 30 minutes at least 5 days per week at 
an intensity of 60-80% of maximum perceived exertion

• Stress Management: Participants utilize the Cleveland Clinic's Stress Free Now application to engage in a 
variety of guided stress reduction techniques, including meditation and mindful breathing
– Recommended frequency is twice daily, preferably morning and evening.

• Supplemental Methylation Adaptogens: a food-based phytonutrient blend containing organic fruit and 
vegetables, prebiotics, probiotics, milk thistle, turmeric, green tea, reishi, shitake, quercetin, maca root 
powder, cassia bark powder, dong quai, ginger root, garlic, plant enzymes and vitamin C
– Participants took 2 servings daily in divided doses

• Supplemental Probiotic: Lactobacillus plantarum (299v)

Study Intervention



• Bruce Ames – pushing pathways/reactions forward using high dose cofactor 
supplementation is possible

• Karpf 2013 - Epigenetic inactivation of BRCA1 via promoter hypermethylation associated 
with many cancers.

• JAMA/Cole et al. 2007 – 1 mg/d folic acid (FA) for colorectal ca prevention failed to reduce 
recurrence risk and risk for other cancers increased

• Kim 2006 - >400 mcg/d FA associated with 20% increase in breast cancer
• Lubecka-Pietruszewska et al 2012. High FA concentration suppresses transcription of 

tumor suppressor genes in vitro
• Raghavan et al. 2017 – highest levels of maternal folate and B12 associated with increased 

risk for Autism Spectrum Disorder

Conclusion: Supraphysiological dosing may have unknown/ undesirable effects

Why No Supplemental Methyl Donors?



• Potentially a safer, more nuanced way to support the homeodynamic balance of 
methylation activity

• How we use dietary and lifestyle support in clinical practice:
– Alongside cautious/cyclical folate and methylation nutrient supplementation to 

enhance efficacy
– As an alternative intervention for individuals who do not tolerate methyl donor 

supplementation
– As a stand-alone intervention
– Integrated with other needed non-methylation interventions

• How we use supplemental methyl donors in clinical practice:
– As therapeutic probes, tied to clinical outcome
– With endpoints in mind
– Concurrently with methylation adaptogens

Supporting Methylation Through 
Diet and Lifestyle



• Nutritionally replete, especially in methylation nutrients

• Enzyme modulators, adaptogens

• Anti-inflammatory and low-glycemic

– Minimizes added sugars

– Minimizes AGE formation (advanced glycation end products)

• Antioxidants

• Prebiotics and probiotics

• Optimal hydration

• Avoid caloric excess, considers intermittent caloric restriction

Dietary Principles



• Avoid folic acid-fortified foods

• Avoid/minimize alcohol

• Supportive of detox processes (hydration, fiber, detox nutrients)

• Avoid foods from animals raised with antibiotics and hormones

• Avoids high-mercury fish including tuna, king mackerel, shark, and swordfish

• Minimize plastic food and beverage containers

Dietary Principles, continued…



Methylation Super Foods

• Beets

• Spinach
• Sprouts

• Sea vegetables
• Daikon radish

• Shiitake 
• Salmon (wild)

• Fish roe

• Oysters
• Eggs

• Pumpkin seeds
• Sesame seeds

• Sunflower seeds
• Liver



• Beets: betaine (129 mg/100g)

• Spinach: potassium, folate, betaine (550 mg/100g)

• Sprouts: >3x increased nutrient concentration including folate

• Sea vegetables: zinc, magnesium, folate

• Daikon: magnesium, potassium, B2, B6, folate, methylation 

adaptogens

• Shiitake: zinc, potassium, B2, B3, B6, folate, methylation adaptogens

Primary Nutrients in Methylation Superfoods



Methylation Adaptogens

Busch C, et al. Clin Epigenetics. 2015;7(1):64-82.

• Emerging evidence strongly suggests that diet is a major 

modulator of the epigenetic state of cells and is able to 
reverse abnormal or altered gene expression patterns



• Vitamins, minerals and PHYTONUTRIENTS that modulate epigenetic methylation 

activity

– Includes selective de-methylation (epigenetic ‘cleaning’)

• Some also modulate enzymes in methylation pathways, altering SAMe and 
homocysteine status

Methylation Adaptogens



Methylation Adaptogens

• Resveratrol

• Rosmarinic acid

• Shiitake mushroom

• Sulforaphane

• Butyrate

• Vitamin A

• Vitamin D3

• Vitamin E

• Selenium

• Zinc
Fang MZ, et al. Clin Cancer Res. 2005;11(19 Pt 1):7033-41.

Stefanska B, et al. Br J Pharmacol. 2012;167(2):279-97.

Szarc vel Sk, et al. Biochem Pharmacol. 2010;80(12):1816-32.

Lu Q, et al. Ageing Res rev. 2006;5(4):449-67.

• Anthocyanins
• Curcumin
• DHA
• Diindolylmethane (DIM)
• EGCG
• Ellagic acid
• Equol
• Genistein
• Lycopene
• Parthenolide
• Quercetin



Methylation Adaptogens

Fang MZ, et al. Clin Cancer Res. 2005;11(19 Pt 1):7033-41.

Stefanska B, et al. Br J Pharmacol. 2012;167(2):279-97.

Szarc vel Sk, et al. Biochem Pharmacol. 2010;80(12):1816-32.

Lu Q, et al. Ageing Res rev. 2006;5(4):449-67.

• Anthocyanins

• Curcumin

• DHA

• Diindolylmethane (DIM)

• EGCG

• Ellagic acid

• Equol

• Genistein

• Lycopene

• Parthenolide

• Quercetin

• Resveratrol

• Rosmarinic acid

• Shiitake mushroom

• Sulforaphane

• Butyrate

• Vitamin A

• Vitamin D3

• Vitamin E

• Selenium

• Zinc

Provide INFORMATION

to cellular genetic machinery



Methylation Adaptogens

Epigenetic Modifying Agents in Cancer Therapy

Heninger, et al. Frontiers in Immunol. 2015;6(29):1-14.



Maternal dietary genistein (soy isoflavone), at levels 

comparable with humans consuming high-soy diets, 
“silences” the Agouti(vy) gene via increased methylation, 
without methyl donor supplementation.

Genistein

Dolinoy DC, et al. Environ Health Perspect. 2006;114(4):567–72.



• Can change DNA methylation at gene promoters in the prostate of C57BL/6J 
mice 

• Decreases DNMT activity resulting in transcriptional activation of genes such 
as p16INK4a, RAR β, MGMT, phosphatase and tensin homolog (PTEN) and 
CYLD in prostate cancer and RAR β2 in cervical cancer 

• Genistein-mediated modulation of methylation of pro-tumorigenic miRNA-
1260b, its targets sFRP1 and Smad4, inhibits prostate cancer cell 
proliferation, invasion and TCF reporter activity 

Genistein

Mukherjee, et al. 2015. Curr Pharmacol Rep. 1(2):112-120.



• BPA exposure in utero or neonatal 

• Decreased CpG methylation at 

metastable sites related to the Agouti 
gene

• Shifted coat color toward yellow

• Both folic acid and genistein negated 

this effect

Genistein

Dolinoy DC, et al. Proc Natl Acad Sci USA. 2007;104(32):13056–61.



• Inhibits tumorigenesis partially by affecting DNA methylation through inhibition of 

DNMTs

• Can re-express many transcriptionally silenced genes through inhibition of DNMT1 
enzymatic activity in prostate cancer cell lines

• Decreases growth and induces apoptosis in renal cell carcinoma by re-expressing 

tissue factor pathway inhibitor-2 (TFPI-2), a member of the Kunitz-type serine 
proteinase inhibitor family, and decreases its promoter hypermethylation 

• Decreases the promoter methylation of other genes such as hTERT and CDX2 
thereby helping in tumor suppression

EGCG

Mukherjee, et al. 2015. Curr Pharmacol Rep. 1(2):112-120.



• EGCG is found in green tea and (to a lesser extent) in white and oolong tea. 

• To increase EGCG content in your tea, steep fresh tea leaves or tea bags for 10 

minutes.

EGCG

Lee WJ, et al. Mol Pharmacol. 2005;68(4):1018-30.



• Induces global hypomethylation in MV4–11 leukemia cell line by inhibiting DNMT.

• Negatively regulates DNMT1 in ovarian and melanoma.

• Decreases CpG promoter methylation of Neurog1, a highly hypermethylated marker in 
prostate cancer and also the hypermethylation at the promoter region of tumor 
suppressor retinoic acid receptor 2 gene in cervical cancer.

• Involved in the re-expression of Nrf2, a critical regulator of the antioxidant response by 
reducing promoter hypermethylation in TRAMP prostate cancer cells. 

• Reduces hypermethylation of Fanconi anemia (FANCF) promoter, thereby regulating 
growth and proliferation in cervical cancer.

Curcumin

Mukherjee, et al. 2015. Curr Pharmacol Rep. 1(2):112-120.



Link A, et al. PLoS One. 2013;8(3=2):e57709.



• Quercetin was shown to decrease bladder cancer cell growth and to 

induce apoptosis by decreasing the DNA methylation of the estrogen 
receptor (ER-β), p16INK4a and RASSF1A (84). 

• Quercetin is present in red onions, buckwheat, red grapes, apple skin, 

green tea

• Note, quercetin is metabolized via COMT and exhibits competitive 

inhibition for COMT (tea catechins also)

Quercetin

Mukherjee, et al. 2015. Curr Pharmacol Rep. 1(2):112-120.



• In vitro study utilizing TRAMP-C1 cells showed that DIM suppressed 

DNMT expression and reversed CpG methylation status of Nrf2 
resulting in enhanced expression of Nrf2 and Nrf2-target gene NQO1. 

• In vivo study, TRAMP mice fed with DIM -supplemented diet showed 

much lower incidence of tumorigenesis and metastasis than the 

untreated control group similar to what was reported previously

Glucosinolate Derivatives

Wu TY, et al . AAPS J. 2013;15(3):864-74. 



Sulforaphane

(SFN)

Glucosinolate Derivatives

Kaufman-Szymczyk, et al. Int J Mol Sci. 2015;16(12):29732-43.



Glucosinolate Derivatives

Maruthanila VL, et al. Adv Pharmacol Sci. 2014;2014:832161.



• Cruciferous vegetables contain glucosinolates: arugula, broccoli, bok choy, Brussels 

sprouts, cabbage, cauliflower, horseradish, kale, kohlrabi, radish, rutabaga, wasabi 
and watercress

• I3C and sulforaphane formed via myrosinase enzyme in raw cruciferous upon 
mastication, or if cooked via bacterial myrosinase in the gut

• Diindolylmethane (DIM) formed in low pH (acid) from I3C

Glucosinolates, Gastric Acid Conversion and Gut Microbiome

Megna, et al. World J Gastrointest Surg. 2016;8(2):115-123.

Barba FJ, et al. Front Nutr. 2016;3:24-36.

Kaufman-Szymczyk et al. . 2015;16(12):29732-43.



• Modulators of TET enzyme 

levels and activity

Vitamin C and Vitamin A

Hore TA, et al. Proc Natl Acad Sci USA. 2016;113(43):12202-12207.



• Gamma-tocopherol inhibits methylation in 

the Nfr2 promoter 

• Increases expression of Nrf2 (master 
antioxidant and Phase II detox enzyme 
regulator)

Vitamin E

Huang, et al. J Nutr. 2012;142(5):818-823.



• Maternal Cd exposure in early 
pregnancy alters DNA 
methylation in offspring

• Associated with lower birth 
weight

• Higher maternal Zn 
concentrations may mitigate DNA 
methylation effects of Cd

Zinc Protective Against Cd-Induced DNA Methylation Changes

Vidal AC, et al. BC Pharmacol Toxicol. 2015;16:20.



Nutrient Week 1 Menu 

(Daily Average)

Week 2 Menu

(Daily Average)

RDA (adult male/female)

Folate 626 mcg 644 mcg 400/400 mcg DFE1

Folic acid 0 mcg 0 mcg 400/400 mcg DFE1

Vitamin B12 5.6 mcg 10.15 mcg 2.4/2.4 mcg

Choline 414 mg2 601 mg2 550/425 mg

Riboflavin (Vitamin B2) 1.9 mg 2.4 mg 1.3/1.1 mg

Niacin (Vitamin B3) 22 mg 26.8 mg 16/14 mg

Vitamin B6 2.8 mg 3.1 mg 1.3/1.3 mg

Zinc 13.9 mg 14 mg 11/8 mg

Magnesium 569 mg 534 mg 420/320 mg

Omega 3 fatty acids 4.9 g 5.7 g -

Total calories 1743 kcal 1792 kcal -

% calories from carbohydrates 30% 27% -

% calories from fats 52% 53% -

% calories from protein 18% 20% -

Study: 2-Week Rotation Menu Option



• Patient-Reported Outcomes Measurement Information System -29 (PROMIS-29)

• Measure Yourself Medical Outcome Profile (MYMOP)

• National University of Natural Medicine Multi-system Symptom/Adverse Event 

Questionnaire

• Infinium Methylation EPIC Index by Illumina (850,000 CpG DNA sites/methylation)

• Methylation Profile, including SAMe:SAH ratio

• Folate Vitamer Panel

• Medical Symptom Questionnaire MSQ

• Methylation Pathway Profile (SNPs)

Study Outcome Measures



• Several epigenetic clocks, 

predicting biological age 
with strong accuracy

– Multi-tissue 353 CpGs

– 71 CpGs for blood

– DNAm PhenoAge 513 CpGs

Epigenetic Youthfulness – Can We Turn Back the Clock?

Horvath S. Genome Biol. 2013;14(10):R115.

Hannum G, et al. Mol Cell. 2013;49(2):359-67.

Levine ME, et al. Aging. 2018;10(4):573-591.

“Human multi-tissue DNAm age estimator is the 

most accurate molecular biomarker of age across 
tissues” – Horvath 2018



• Metagenics: Brent Eck, Kirti Salunke, Kim Koch

• NUNM Helfgott Institute: Ryan Bradley, Emily Stack, Trina Soileau

• My team: Romilly Hodges, Samantha Bucur, Sophie Wallas-Rassmusen

• Study coaches: Janine Henkel, Despina Giannapoulou, Sally Logan, Melissa Twedt, 

Josette Herdell

• MDL study app: MBody360, Kari Thorstensen

• Advisors: Moshe Szyf, Terry Wahls

• Spiritual and scientific support: Jeff Bland, Michael Stone

Study Credits and Appreciation





Advancing Our 

Understanding of the 
Human Methylome:

Optimising epigenetic expression has 

the potential to modify disease, health 

span and lifespan.

Broad, upstream dietary and lifestyle 

interventions appear essential for 

optimising epigenetic expression.



• Use coupon code Genova30 for 30% discount on the eBook Methylation Diet & 

Lifestyle

• https://www.drkarafitzgerald.com/professionals/methylation -diet-lifestyle/

• Sign up to receive my professional newsletter at www.drkarafitzgerald.com

eBook Discount

https://www.drkarafitzgerald.com/professionals/methylation-diet-lifestyle/
http://www.drkarafitzgerald.com/
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