
High trends of mean corpuscular volume and mean corpuscular hemoglobin
High sedimentation rate, homocysteine, c-reactive protein, high low-density lipoproteins, and
triglycerides
Low high-density lipoproteins, rd blood cells, hemoglobin, and hematocrit
Increased weight, fat percentage, blood pressure, waist-to-height and waist-to-hip ratio, and waist
circumference indicating high risk for cardiovascular disease 
MTHFR C677T and MTHFR 1298AC variants on genetic testing
Possible vitamin deficits in vitamin B2, B3, B6, folic acid, and B12

Description
Cellular functio n wouldn’t be possible with out DNA methylation, which is a direct chemical modification to
the DNA occurring within every cell. It is the transfer of methyl groups from one molecule to another. By
transferring groups, methylation can act like an on/off switch, activating or deactivating genes or other
molecules within human cells. It does this by donating or stealing methyl groups. However, in order to
complete this process, the cells require cofactors and enzymes. 

Enzymes involved in methylation are vitamins B2, B3, B6, folic acid, and B12. Other nutrient cofactors are
methionine, betaine, and magnesium. Interestingly, a unique cofactor, methionine, can be regenerated by
transferring and recycling methyl groups. This process is a critical step in the one-carbon cycle, in which
methyl groups (-CH3) contain a single carbon (C) atom and three hydrogen (H) atoms. 

The one-carbon cycle has immense significance. It occurs during all cellular processes and detoxification.
Repairing and regeneration of monoamine neurotransmitters, DNA, and RNA, and detoxification depend on
this methylation cycle. During Phase-2 detoxification, methylation prevents disease risk by being a
conjugated donor compound. For example, the one-carbon-cycle utilizes a methyl group to convert
homocysteine to methionine this way homocysteine does not build up in cells. 

Link to Diseases
Unfavorable DNA methylation patterns can lead to various diseases such as colon cancer, gastric cancer,
breast cancer, methylation tumors and other cancers. This includes altering DNA methyltransferases.
Phase-2 detoxification conjugates, such as SAMe help donate a methyl group to methyltransferases. Also,
polymorphisms in certain Phase-1 P450 enzyme substrates can also be associated with disease occurrence
if methylation mechanisms are faulty. Thus, proper methylation is critical for disease reduction.

Severely Malnourished 
Malnourished individuals with methylation issues will show: 

Genetic SNPs and Cofactors 
MTHFR C677T and MTHFR 1298AC
It is imperative to acknowledge the MTHFR C677T and MTHFR 1298AC gene variants on genetic testing
because these are the main SNPs involved in methylation metabolism. These variants depend highly on
cofactors vitamin B2, vitamin B3, and ATP; in which, without proper support from these nutrients, may
inhibit the ability for the body to generate a methyl donor, as they are the final enzymes in one-carbon
metabolism. Further, the MTHFR C677T variant increases the risk for various neurological disorders,
cardiovascular diseases, and poses challenges with detoxification.

METHYLATION & DETOXING
FACT SHEET



APOA rs5082 CC genotype increases risk of dyslipidemia.
FTO rs1421085 TC disrupts a pathway for adipocyte thermogenesis and needs iron, oxygen, and alpha-
ketoglutarate to function properly. 
APOE rs429358 TT (i.e. the ε2/ε3 variant) is more dominant in African Americans.
APOE rs7412 TT (i.e. ε2/ε2) gene variant helps reduce risk of Alzheimer’s, however, those with this
genotype may have dysbetalipoproteinemia.
FADS2 rs102275 CT can increase arachidonic acid (i.e. omega 6) and is a precursor to thromboxane
and prostaglandins.
TCF7L2 rs12255372 AT increases risk for diabetes. 

Cofactor B12
Cofactor B12 occurs presently in the adenosylcobalamin form. It maintains intracellular folate pools,
regulation of homocysteine levels, and adequate intracellular methionine required for production of SAMe
by re-methylating homocysteine to methionine. However, in combination with the MTHFR C677T
polymorphism, vitamin B12 can increase homocysteine levels and also may contribute to dyslipidemia in
men. Other SNPs, such as TCN1  and TCN2 may affect the function of B12. TCN1 SNP transports up to 80%
of vitamin B12 and TCN2 facilitates 20-30% of the transport of cobalamin to the liver.

DHFR, MTR, BHMT, and CBS A360A Genes
DHFR is a gene variant that encodes niacin-dependent (vitamin B3) enzymes. As well, DHFR hinders the
conversion of synthetic folic acid into the active form of folate (vitamin B9).

The MTR gene variant catalyzes the transfer of methyl group 5-10 MTHF to homocysteine, in order to
produce methionine and tertrahydrofolate, and accounts for half of homocysteine metabolism. MTR
maintains adequate intracellular methionine required for production of SAMe, intracellular folate pools, and
re-regulates the conversion of homocysteine levels back to methionine by allowing the cofactor vitamin
B12 to convert to the methylated form (methylcobalamin) for recycling.

The BHMT gene variant is a zinc-dependent SNP. It is methylation-dependent and needs both vitamin B12
and folic acid to work. Its purpose is to increase methionine to help generate more SAMe. 

CBS A360A genetic variants are also responsible for the other half of homocysteine metabolism. This SNP
is a B6-dependent reaction and needs magnesium to work. The CBS gene is the only gene that can get rid of
homocysteine. The 'A360A' or A allele, signifies a down-regulated enzyme (e.g. slowed down). This slowing
occurs through trans-sulfuration detoxification. Low glutathione, hypertension, and high xanthurenate
levels (indicating insufficient B6 levels), can identify potential CBS dysregulation. If you have this SNP it
may be good to also check for CCTH and CGL SNPs during gene testing. 

Other Genetic Variants Facts

Possible Environmental Exposures
Plastic
Exposure to plastic daily
All plastics contain endocrine disruptors (EDCs) bisphenol A (BPA), di‐ethylhexyl phthalate (DEHP), dibutyl
phthalate, polychlorinated biphenyls (PCB), and alkyl phenols. Any exposure over the tolerable daily intake
of BPA (50 µg/kg of body weight) can increase oxidative stress, impair mitochondrial function, and can
induce DNA damage independently through its estrogenic activity. Estrogen receptors, androgen receptors,
and peroxisome proliferator-activated receptors (PPAR) are involved in oxidative stress when exposed to
any type of xenobiotic. 
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Cleaning products
Exposure to cleaning products daily 
Chemicals can modify methylation. Cleaning materials, industrial and household, have a known impact on
epigenesis and deviate methylation from its normal processes. Moreover, the majority of cleaning products
are sold in soft plastic bottles. EDCs in cleaning products are nonylphenols. Glycol ethers are also potential
inducers of oxidative stress in glass cleaning products. They can further be found in deodorants, perfumes,
and in medicine.

Make-up
Exposure to daily make-up regime 
Exposure to cosmetics additives have an impact on methylation processes. The majority of cosmetic
products are sold in soft plastic vials. EDCs from plastics transfer from the bottle to the cosmetic cream or
substrate. Also, cosmetic products contain other toxic substrates, such as phthalates (i.e. peroxisome
proliferators). These generate genotoxicity. Additional EDCs in cosmetics are parabens. 

Hair and Hygiene products 
Exposure to hair and hygiene products daily
Formaldehyde is a carcinogenic aldehyde illegally added to creams as a hair straightening agent, and
exposure could cause a disturbance in DNA methylation, leading to epigenetic changes. 

Cigarette Smoke
Exposure to cigar products daily
Cigarette smoke is one the most significant modifiers of DNA methylation. Cigarette smoke alters genes,
especially detoxification gene CYP1A1. Cigarette smoke also speeds up CYP1A2 activity and can accelerate
activity of certain drugs. Up to one cigarette p/d can alter methylation processes. This makes cigarette
smoke a significant factor in risk of diseases. 

Alcohol 
Exposure to alcoholic drinks daily
Alcohol exposure can alter DNA methylation by promoting hypermethylation. More than 15g p/d leads to
higher odds of IGF2 hypomethylation leading to tumor. It has a significant impact on the folate-methyl
metabolic pathway for methyl donors, inhibiting methionine synthase and methionine adenosyltransferase,
creating a folate trap. It also can redirect the utilization of folate toward serine synthesis interfering with
MTHF and thymidine synthesis.
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