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Methylation
FUNCTIONS OF METHYLATION
Methylation uses the process of donating ‘Methyl Groups’ to a substrate.
• A Methyl Group = 1 Carbon bound to 3 Hydrogens = CH3
• Methyl groups substrates are commonly, but not limited to:
		
		
		
		
		

• DNA and RNA
• Chemicals
• Neurotransmitters and hormones
• Immune cells
• Nerves

WHAT IS METHYLATION?
Simply put, methylation is a chemical reaction that occurs in every cell and tissue in our body. Chemically
speaking, methylation is the process of adding methyl groups to a molecule. (A methyl group is a chemical
structure made of one carbon and three hydrogen atoms.) Since methyl groups are chemically inert, adding
them to a protein (the process of methylation) changes how that protein reacts to other substances in the
body, thus affecting how that protein behaves. Enzymes, hormones and even genes are proteins and the
process of methylation affects them all.
In some ways, methylation of proteins helps the body detoxify. For example, the methylation process helps
convert the toxic amino acid (homocysteine) into a beneficial amino acid (methionine). If your body cannot
methylate properly, toxins build up in your bloodstream and will eventually cause disease.
Another role of methylation is to help the enzymes in our bodies work efficiently. Enzymes are proteins that
act like switches for chemical reactions – they initiate very important processes in every cell and tissue. In a
similar way, methylation affects our genes, which are also made up of proteins. In fact, methylation can turn
genes on or off, which can be good or bad for our health, depending on the gene.
Some nutrients affect the process of methylation quite dramatically – methyl donors actually donate methyl
groups to proteins and methylating factors (nutrients like vitamin B12 and zinc) helps this process along by
monitoring specific methylation reactions. How well your body “can methylate” is important to your
overall health.

Methylation Regulation and Distribution
HOW IS METHYLATION REGULATED?
Methylation is regulated by Enzymes and Substrate (end product)
1. Many enzymes require cofactors for activation, these cofactors are derived from vitamins or minerals.
2. Cofactors are required to complete methylation
3. Cofactors are required to turn off methylation
4. Excessive substrates may turn off methylation (feedback inhibition)

HOW IS METHYLATION DISTURBED? METHYLATION IS
OFTEN DISTURBED BY VARIOUS MECHANISMS
1. Genetic mutations
2. Lack of cofactors driving methylation forward (zinc, magnesium, B6)
3. Medications (antacids)
4. Specific nutrients depleting methyl groups (niacin)
5. Environmental toxicity, heavy metals, chemicals (acetylaldehyde, arsenic, mercury)
6. Excessive substrate (feedback inhibition)
7. Lack of sufficient methyl donors add more specific medications such as methotrexate

METHYLATION PATH CHART

Importance of MTHFR
WHAT IS MTHFR?
• MTHFR is an enzyme responsible for converting 5,10-methylenetetrahydrofolate to the product
5-methyltetrahydrofolate – it is involved in the metabolism of folate and homocysteine
• The product of the reaction catalyzed by MTHFR converts homocysteine (a potentially toxic amino acid) to
methionine (a useful and necessary amino acid)

WHY IS MTHFR GENOTYPING IMPORTANT?
• Certain mutations in the gene coding for MTHFR produce an enzyme that has reduced activity
• Reduced activity diminishes your overall ability to methylate which affects all cells in your body
including the expression of your DNA
• Reduced activity can lead to elevated levels of homocysteine (a.k.a. hyperhomocysteinemia),
especially when folate levels are low
• High homocysteine (>13umol/L) may double the risk of developing illness or complications
• MTHFR genotyping can provide information about potential causes of elevated homocysteine
and approaches for addressing it
• Based on MTHFR and homocysteine results, physicians can develop dietary and medical recommendations
• Discovering your MTHFR genotype can provide valuable information about how to support your 			
biochemical pathways to facilitate optimum health
• Increased intake of 5-methyltetrahydrofolate alone or in combination with methyl B12 and B6
are recommended
• Based on results, recommendations for methotrexate dosage can be adjusted

Genotypes and Variants
WHAT ARE THE POSSIBLE GENOTYPES?
677 - CC, CT, or TT
• CC - homozygous normal
• Approximately 45% of the population
• No increased risk associated
• CT - one variant copy
• Approximately 45% of the population
• Some reduced enzyme activity, but not alone
associated with increased risk.
• TT - two variant copies
• Approximately 10% of the population
• Increased risk for hyperhomocysteinemia and associated
complications
1298 - AA, AC, CC
• AA - normal homozygous
• AC or CC - one or two variant copies
• Approximately 30% of the population
• Associated with increased risk if found together with a
677 variant.

WHAT ARE THE VARIANTS?
C677T
• There is a mutation from cytosine to adenine at position 677
within gene.
A1298C
• There is a mutation from adenine to cytosine at position 1298
within gene.

Clinical Applications
WHAT MEDICAL CONDITIONS MAY BE EFFECTED BY
VARIANT COPIES OF THE MTHFR GENOTYPE?
Neurological Disorders
• Parkinson’s
• Alzheimer’s
• Dementia
• Multiple Sclerosis
• Autism
Cardiovascular Disorders
• Atherosclerosis
• Pulmonary Embolisms
• General Clotting Disorders
Mental Dysfunction
• Depression
• Anxiety
• Insomnia
• ADD/ADHD
• Bipolar
• Addictive Behaviors
(Alcoholism)
• Schizophrenia

Pre-Conception Care
• Infertility
• Recurrent Miscarriages
Immune Function
• Allergies
• Chronic Viral Infection
Diabetes
(Complications of)
• Retinopathy
• Neuropathy
• Nephropathy

Birth Defects
• Congenital Heart Defects
• Cleft Palette
• Spina Bifida
• Down’s Syndrome
Chronic Conditions
• Chronic Pain
• Fibromyalgia
• Chronic Fatigue Syndrome
Cancer
Thyroid Dysfunction

Increased Sensitivity of
• Chemicals
• Drugs
• Supplements

HOW COMMON ARE THE MUTATIONS?

Case Studies
Case 1: MTHFR testing for type II diabetics
Patient History
MTHFR Gene

Comments

60 year old male with well controlled type II diabetes
C677T – homozygous for CgT mutation
Evidence suggests that although mutations in the MTHFR gene are not strongly
linked with the incidence of diabetes, type II diabetics that are either homozygous
or heterozygous for the CgT gene have a higher tendency (about twice as
likely) toward diabetic complications, specifically kidney failure (nephropathy) and
blindness (retinopathy). In addition, these complications progress more rapidly
in diabetics with a MTHFR mutation. Given his increased risk, this patient will
remain particularly vigilant to kidney function, even though his diabetes is well
controlled.

Case 2: Testing the autistic or attention deficit child
Patient History
MTHFR Gene

Background

Treatment
Results

Comments

9 year old male; aggressive and persistent behavior problems
677CT – heterozygous, A1298C – heterozygous
This child had struggled with behavioral problems from a very early age with
poor school performance due to behavior and lack of attention. He was very
aggressive and easily upset. Upon testing, he had a glutathione deficiency, which is
known to impair methylation since glutathione is needed to make the body’s most
important methyl donor, SAMe (s-adenosylmethionine). He was origianally on
various meds to control his behavior: Intuniv, Abilify, Seroquel. Parents described
him as being in a constant daze since he started his meds.
Began a supplement regimen to support methylation reactions in the
body – glutathione plus folate and B12
The boy was slowly weaned off his psychiatric meds while taking methylationsupporting supplements. Parents state he now acts less sedated, seems more alert
and is much less aggressive.
Research has linked the A1298C mutation with ADHD. Since impaired
methylation affects neurotransmitter synthesis, correcting for impaired
methylation may benefit children with neuropsychiatric problems.

Case Studies - (Continued)
Case 3: How methylation affects Energy Levels and Mood
Patient History
MTHFR Gene
Treatment
Results

Comments

42 year old female with anxiety, sleep problems and low energy
C677T – heterozygous, A1298C – heterozygous
Folate, B6,betaine and choline to support methylation, plus high-dose
methylcobalamin(B12)
Energy levels improved immediately; patient said she feels “less hormonal” and
younger. Mood swings decreased dramatically and insomnia disappeared – she
woke less at night and seemed to fall asleep more easily when she did wake.
Being heterozygous for both mutations implied that she was likely not
methylating well. Taking both methyl-donors (choline, betaine) and methylating
cofactors (B6, B12 and folate) gave her substantial methylation support to
compensate for impaired enzyme activity from the defective gene. B12 is very
important in regulating both energy, mood and sleep-wake cycles, which helped
her insomnia.

Case 4: Homocysteine and MTHFR
Patient History
MTHFR Gene
Treatment
Results

Comments

52 year old male with high homocysteine and family history of heart disease
C677T – homozygous for CgT mutation; A1298T is homozygous normal (no
mutation)
Glutathione, folate, B6, B12 and serine to correct specific deficiencies
Homocysteine was originally over 13.0 μmol/L and decreased to around 8.0
μmol/L.
This patient did not have any other major risk factors for heart disease (he
was a lean, non-sedentary non-smoker) but wanted to lower his homocysteine
to prevent damage to his arterial walls and keep his heart healthy. When
tested for MTHFR mutations, he discovered why his homocysteine has been
particularly high despite very healthy lifestyle choices – inefficient conversion of
homocysteine to the benign amino acid methionine. Targeted supplementation
lowered his homocysteine levels dramatically with no other lifestyle changes.

Case Studies - (Continued)
Case 5: Drug Induced Folate Deficiency
Patient History
MTHFR Gene
Treatment
Results

Comments

31 year old female with rheumatoid arthritis; prescribed methotrexate
C677T – homozygous for CgT mutation
Supplementation with biologically available form of folate
Severe joint pain alleviated and was able to dramatically lower dose of
medications
Methotrexate is a folate antagonist because it severely inhibits the enzyme that
converts folate into its biologically usable form. Often used for cancer patients
undergoing chemotherapy, it is also used occasionally for autoimmune diseases
such as rheumatoid arthritis. When MTHFR mutations are present, severe folate
deficiency may develop if not specifically addressed.

VARIANTS AND EFFECTS
MTHFR C677T Wild Type (Normal) = 677CC
Variant: Cytosine switched to Thymine = 677CT Heterozygous, 677TT Homozygous
Correlated with:
• Cardiovascular Function
• Homocysteine Regulation
• DNA Regulation
• Glutathione Production
• Low Methylfolate levels
• 1 variant copy = 40% loss of function
• 2 variant copies = 70% loss of function
MTHFR A1298C Wild Type (Normal) = 1298AA
Variant: Adenine switched to Cytosine = 1298AC Heterozygous, 1298CC Homozygous
Correlated with:
• Neurological Function
• Regulation and Formation of Neurotransmitters
• Production of Nitric Oxide
• Low BH4 levels

Solutions for MTHFR Variant
IF I HAVE VARIANT COPIES OF THE MTHFR GENE,
WHAT CAN I DO?

Nutrition plays a substantial role in methylation pathways. You can compensate for your body’s inability to
methylate efficiently since this biological process is dependent on several vitamins. You may simply need more
B vitamins than someone without a variant copy of this gene, such as B6, methyl B12 and the active form of
folate. Other methyl donors such as choline, SAMe and trimethylglycine (betaine) may also provide benefits.
If you have a variant copy of the MTHFR gene, it is important for you to monitor your homocysteine level as
well. Fortunately, lowering homocysteine can often be done with the nutrient supplements listed below.

ROLE OF NUTRITION
Vitamin B3

Maintains proper
methylation of genes that
suppress tumor formation
and growth.3,4,5,6

Vitamin B6

Cofactor for the enzyme
(serine hydroxyl methyl
transferase) that
transfers methyl units.7,8

Vitamin B2

Vitamin B12

B12 is a key enzyme
needed in the synthesis of
S-adenosylmethionine (SAMe),
the body’s most important methyl
donor. Methionine synthase,
an enzyme that catalyzes
the methylation cycle is B12
dependent.9,10, 11

Folate

Methyl donor for many reactions in the
body, including neurotransmitter synthesis
and conversion of homocysteine to
methionine; Precursor to SAMe; Required
for proper DNA synthesis.12,13,14

Helps recycle folate into a
usable methyl-donor form;
Precursor to FAD (flavin
adenine dinucleotide)
which assists methylation
reactions.1,2,3

Zinc

Deficiency can lower the ability
to use methyl groups from methyl
donors such as SAMe, thus
causing global hypo-methylation
of DNA.32,33,34

Choline

A major source of methyl groups
(methyl donor); Deficiency linked
to DNA damage.15,16,17

Serine

METHYLATION

Important methyl donor,
especially in the case of folate
deficiency.18,19,20

Glutathione

Deficiency impairs methylation
reactions and hinders synthesis
of the methyl donor SAMe.21,22

Vitamin C

Deficiency alters methylation patterns
in cancer cells; Also a cofactor for
methylating enzymes.23,24

Selenium

Inhibits a methylating enzyme
(DNA methyltransferase) in cancer
genes, effectively turning them off;
Selenoproteins protect DNA and
metabolize methionine.30,31

Magnesium

Its role in the methylation of genes
that affect glucose metabolism may
explain the link between magnesium
deficiency and diabetes.28,29

Copper

Several key enzymes needed for
methylation reactions are copper
dependent.25,26,27
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Summary
Determining your MTHFR genotype gives you valuable information about your body’s ability to methylate.
Methylation is a crucial part of cell processes and reduced function has been linked to a plethora of medical
conditions. The old paradigm that we are simply at the mercy of our genes is now challenged. Genetic testing
gives you vital knowledge to provide your body with customized, specific solutions launching us into a new age
of truly individualized health care.

Are YOU getting the nutrients YOU need?
STANDARD TEST RESULTS DO NOT MEASURE IF NUTRIENTS ARE
PROPERLY FUNCTIONING WITHIN THE BODY.
SpectraCell Laboratories developed their exclusive, patented micronutrient tests to measure the function
of selected vitamins, minerals, antioxidants and other essential micronutrients within your white blood cells.
Analysis can reveal a person’s functional nutrient status over a much longer time period than conventional
serum testing. SpectraCell’s tests give a more meaningful measurement of nutritional status than all other
nutritional testing.
VITAMINS
Vitamin A
Vitamin B1
Vitamin B2
Vitamin B3
Vitamin B6
Vitamin B12
Vitamin C
Vitamin D
Vitamin K
Biotin
Folate
Pantothenate

MINERALS
Calcium
Magnesium
Manganese
Zinc
Copper
AMINO ACIDS
Asparagine
Glutamine
Serine

ANTIOXIDANTS
Alpha Lipoic Acid
Coenzyme Q10
Cysteine
Glutathione
Selenium
Vitamin E
SPECTROX™
for Total
Antioxidant
Function
IMMUNIDEX™
Immune
Response Score

CARBOHYDRATE
METABOLISM
Chromium
Fructose Sensitivity
Glucose-Insulin
Metabolism
FATTY ACIDS
Oleic Acid
METABOLITES
Choline
Inositol
Carnitine

Ocular Health -

Good eyesight and prevention of
cataracts and macular degeneration
require adequate levels of

Vitamin E and Vitamin A.

Cardiovascular Support -

Vitamin B2, Vitamin B6, Vitamin B12 and
Folic Acid are all required for reducing
homocysteine levels in the blood and
protecting arteries and nerve fibers.

Metabolic Health -

Vitamin B3, Vitamin B6, Vitamin B12 Vitamin
E, Biotin, CoQ10, Chromium, Magnesium and
Zinc all help the body handle daily sugar
load, keeping systems responsive to insulin
and restoring lost insulin sensitivity.

Antioxidant Status -

Measures the nutrients that help
prevent or repair cellular damage
caused by oxidation.

SPECTROX® measures the total

antioxidant function of cells by measuring
their ability to withstand oxidative stress.
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Heart Health -

Nutrients that protect the cardiovascular
system include Vitamin B6, Vitamin B12,
Folic Acid, Vitamin E, CoQ10, Calcium,
Magnesium and Carnitine.

Bone Health -

Vitamin D, Vitamin B6, Vitamin B12, Folic Acid,
Calcium, Magnesium and Zinc are all nutrients that
assist in bone remodeling, to ward off osteoporosis
and other diseases that weaken the skeletal system.

Liver Health -

Cysteine and N-Acetyle Cysteine, Selenium,
Vitamin B2 and Vitamin B3 enhance liver
function and optimize levels of glutathione
which helps cells fight off toxic challenges.

Joint Support -

Vitamin E, Alpha-Lipoic Acid and
B Vitamins all contribute to joint support
and controlling inflammation.

Micronutrient Testing
is available now exclusively from SpectraCell
Laboratories. This patented analysis measures
levels of selected vitamins, minerals, antioxidants
and other essential micronutrients within your
white blood cells.
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