Folate and B12 Deficiency Anemias
Megaloblastic anemias have as their primary defect a reduction in DNA synthesis, leading to 
unbalanced cell growth in all rapidly proliferating cells.  In the bone marrow, nuclear-
cytoplasmic asynchrony causes either cell death (ineffective hematopoiesis) or oversized 
end-stage cells (macrocytes).
Megaloblastic anemias are a type of macrocytic anemia.  Other causes of macrocytic anemias 
include reticulocytosis (as in hemolytic anemia) and liver disease.
Pernicious Anemia (PA)
Characterized by macrocytosis in the blood and megalobastosis in the marrow.
The three characteristic signs of pernicious anemia are:


--megaloblastic anemia


--diminished gastric secretions


--neurologic degeneration

Patients are generally old, and may be fairly asymptomatic.  Signs will be anemia, paresthesia, 
and GI complaints.  
Blood smear will show a huge variation in the shape of RBC (teardrop RBCs and macroovalocytes 
common).  Polys are hypersegmented.  Bone marrow is hypercellular with megaloblasts, 
leading to hemolysis and elevated bilirubin.
PA is caused by loss of gastric secretion of intrinsic factor (this may be due to autoimmune 
attack against parietal cells).  Gastric function in general is also poor, and digestive 
capacity decreases.  Vitamin B12 is the extrinsic factor.
Vitamin B12 is only synthesized by microorganisms, and we obtain it in liver, muscle, eggs, dairy, 
and seafood.  So humans are obligate carnivores!  B12 stores in the body will last years.  
Dorothy Hodgkin resolved the structure of B12.
B12 in food is bound to protein, which is why good gastric function and acid production are 
important.  Intrinsic factor is produced by parietal cells and must bind B12 for the 
vitamin to be absorbed.  B12 is absorbed only in the terminal ileum.
Vitamin B12 is involved in two major reactions:  

1.  Methyl transfer, in which B12 couples with the enzyme methionine synthetase to 


convert homocysteine and methyl-FH4 to methionine and FH4.  So B12 is an 


obligate cofactor of folic acid (FH4) activation. Also, [homocysteine] will rise.

2.  Hydrogen transfer.  If this is impaired by B12 deficiency, methylmalonic acid builds 


up in urine.  This is a good detection method for B12 deficiency.
Clinical findings indicating pernicious anemia
1.  Low serum B12
2.  Methylmalonic acid in the urine

3.  “Combined system degeneration” of PNS and CNS.  This is due to degeneration of lateral 
columns, causing loss of position and vibratory sense.  In the extreme, it may cause 
“megaloblastic madness.”

The Schilling Test
Give oral radioactive B12 and collect 24-hour urine.  In patients who don’t absorb B12 properly, 
less than 7% of the radioactive B12 shows up in urine.
Then, five days later, repeat the test but also give oral intrinsic factor.  If radioactive B12 now 
shows up in the urine, the patient has pernicious anemia.

Treatment for B12 deficiency is parenteral administration of cyanocobalamin.
Folic Acid Deficiency and its Parallels to Pernicious Anemia
In folic acid deficiency, the patients present as if they have pernicious anemia but are not 
responsive to administration of intrinsic factor.
Humans don’t synthesize folic acid – we acquire it from green leafy veggies, broccoli, liver, 
kidney, and fruits.  However, we must activate dietary folic acid, and this requires B12.

Folic acid stores in the body will last four months.
Folic acid is absorbed in jejunum, but malabsorption only occurs with diffuse intestinal disease.
Folic acid is activated by dihydrofolate reductase to form FH4.  B12 is the cofactor for this 
activation reaction.  The treatment for folate deficiency is folate tablets, which provide 
activated, pure FH4.  So B12 is not necessary to activate supplemental folic acid.
The most important FH4 function is methyl transfer, which is necessary for thymidylate and DNA 
synthesis.  The megaloblastosis of folate deficiency is due to impaired synthesis of  
thymidylate and DNA.
Causes of folate deficiency
The most common cause is dietary deficiency, especially among alcoholics, indigents, and vegans.
Malabsorption or increased requirement for folate (in pregnancy, lactation, malignancy) can also 
cause a deficiency and anemia.
Relationship of B12, Folate, and Homocysteine
B12 deficiency creates a “methyl-folate trap” that prevents dietary folate from activating.  This 
halts synthesis of thymidylate and DNA.
Treating B12 deficiency with folate does not correct neurologic defects, and may make them worse!
	
	B12 deficiency
	Folate deficiency

	Megaloblastic anemia
	Yes
	Yes

	Combined system degeneration
	Yes
	No

	Intrinsic factor required for absorption
	Yes
	No

	Due to dietary deficiency
	Rare
	Often

	Dietary source
	liver, muscle, eggs, dairy
	liver, leafy veggies

	Site of absorption
	Terminal ileum
	Small intestine


Folate deficiency in pregnant mother is associated with neural tube defects.

Elevated homocysteine (due to B12 deficiency) is associated with atherosclerosis.


(Raymond removed image of THF and homocysteine metabolism.)
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