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PA Society (UK)

• 6,000+ members

• not all c/o anaemia

• all B12-dependent

• 2010-11 survey, 588 responses

www.pernicious-anaemia-society.org
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Active B12- The transport of this key vitamin

B12 is attached to protein when ingested

B12 complexed to HC to form HoloHC and 
transported to the small intestine

B12 complexed to IF and absorbed to 
receptor in the intestine

B12 complexed to TC, to form Active-B12 
(holotranscobalamin)

peptic digestion

Released  in
Blood

HoloTC taken up by specific cell receptors

Available to all cells for DNA 
Synthesis etc.
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(B12 uptake to intestine)





• Vegan diet

• No dietary B12

• Recycling of biliary B12 by Intrinsic Factor

• Onset after 20 years

• Pernicious anaemia

• Dietary B12

• No recycling of biliary B12

• Onset after 2-3 years

Vitamin B12 deficiency



Nervous and mental manifestations of 
pre-pernicious anaemia

FW Langdon MD
JAMA 1905

We have known about this for 100 years - e.g.







George Whipple (1920)

• bled dogs

• fed them various foods

• liver had most benefit







Glial cells
• Feed neurones

• Smaller & more numerous

• Run out of B12 fast





141 consecutive patients with neuro-psychiatric 
abnormalities due to cobalamin deficiency; 40 
(28 percent) had no anemia or macrocytosis. 

Characteristic features;

• paresthesia, sensory loss, ataxia, 

• dementia, and psychiatric disorders

• longstanding neurologic symptoms without anemia

• normal white-cell, platelet counts, serum bilirubin and 
lactate dehydrogenase levels

• markedly elevated methylmalonic acid and total 
homocysteine



Methylation cycle

• donates single carbons

• major metabolic “crossroads”

The Methyl Deficiency Hypothesis
-first proposed in;

Miller, J. A. and Miller, E. C. 1953. The Carcinogenic Aminoazo Dyes. 
Adv. Cancer Res. 1: 339-396.





Disorders linked to impaired 
methylation

• Atherosclerosis, Coronary Artery Disease, Deep Vein 
Thrombosis, Stroke

• Neural Tube Defects, Spontaneous Abortion, Placental 
Abruption, Pre-eclampsia

• Cervical Dysplasia
• Cancers
• Autism, Depression, Schizophrenia
• Cognitive Impairment, Senility, Late-Onset Alzheimer’s 

Disease
• Migraine
• Fatigue, ME/CFS
• Osteoporosis, Rheumatoid Arthritis, Diabetes



Methylation of: Role

DNA Regulates (silences) gene expression

Phospholipids Increases membrane fluidity and transmembrane 
signalling

Catecholamines Breaks down adrenaline, histamine, dopamine

Carnitine precursors Improves cellular energy provision

Oestrogens Reduces cancer risks

Main uses of methyl groups



Presenter
Presentation Notes
Shows a DNA methyl transferase (DNMT) putting a methyl on the 5 position of cytosine.

Methyl is provided by SAMe (here called AdoMet) which is thus converted into S-Adenosyl Homocysteine





DNA methylation decreases 
with age

• Neonate:    80.5%

• 26-yo:         78.0%

• 100-yo:       73.0%





1,319 healthy subjects were recruited from a population-based 
cohort. Leukocyte Telomere Length was negatively correlated with 
plasma homocysteine levels, after adjustment for smoking, obesity, 
physical activity, menopause, hormone replacement therapy use and 
creatinine clearance. 

The difference in multiply-adjusted LTL between the highest and 
lowest tertile of homocysteine levels was 111 base pairs (p=0.004), 
corresponding to 6.0 years of telomeric aging. This relationship was 
further accentuated by decreased concentrations of serum folate and 
increased levels of C-reactive protein.
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Composition of 
membrane lipids

• Cholesterol                   50%

• Ph-choline                     25%

• Ph-ethanolamine            12.5%

• Ph-serine                        5%

• Ph-inositol                      2.5%

• Sphyngomyelin 1.5%

• Other lipids                    3.5%
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Oestrone

CYP1A1 CYP3A4 CYP1B1

2-OH E1 16alpha-OH E1 4-OH E1

COMT

4-methoxy E1

GST

COMT
Quinones

Mercapturic2-methoxy E1

Oestriol



Factors that impair 
methylation

• Genetic polymorphisms

• Nutritional deficiencies

• Toxic exposures





Genetic polymorphisms



MTHFR C677T

GenotypeGenotype FunctionFunction FrequencyFrequency
(Europe)(Europe)

CC 100% 45%

CT 65% 40%

TT 30% 15%



Factors that impair 
methylation

• Genetic

• Nutritional deficiencies

• Toxic



Homocysteine

• Responds to;

• B12

• Folate

• B6





Am J Clin Nutr 2002;75:616–58.



MTHFR
• converts 5,10 MTHF to 5 MTHF

• co-factors are;

• NADPH (from B3)

• FAD (from B2)

• C677T SNiP affects FAD binding, not 
folate

• in CT and TT B2 lowers Hcy



MTHFR

• >50% of migraineurs respond to B2

• only 677 CT and TT



Factors that impair 
methylation

• Genetic

• Nutritional

• Toxic exposures





• Genetic

• Nutritional

• Toxic exposures

Trans-HHS Workshop: Diet, DNA Methylation Processes and Health
[Journal of Nutrition, 132 (8S):2329S-2484S, 2002].



• Antimetabolites

• Anticonvulsants

• Halogen compounds

• Heavy metals







• Organochlorines

• PCBs, PBBs

• DCA, TCA



• Pb

• Hg
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Nutrient-toxin interface
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In rats (Long-Evans and Dunning-Fischer strains) and hamsters, 150 mgkg of
thalidomide from days 3 to 12 of pregnancy did not produce significant fetal 
changes.

In Long-Evans rats, rendered hypovitaminotic by diets deficient in 
riboflavine, pantothenic acid or a-tocopherol, the embryotoxic effect was 
enhanced by the daily peroral administration of 150 mgkg of thalidomide 
during pregnancy, as evidenced by the increased number of fetal 
resorptions or malformations. 
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