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Methylenetetrahydrofolate Reductase Deficiency
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Characteristics

The MTHFR gene encodes an enzyme that plays an important role in processing amino acids,
specifically the conversion of homocysteine to methionine. The enzyme is
methylenetetrahydrofolate reductase which catalyzes the conversion of 5,10-
methylenetetrahydrofolate to S-methyltetrahydrofolate, a cosubtrate for the creation of
methionine from homocysteine.

Mutations in the MTHFR gene lead to impaired function, or inactivation, of
methylenetetrahydrofolate reductase. Deficiency of this enzyme can cause moderately elevated
levels of homocysteine in the plasma, or hyperhomocysteinemia. Raised homocysteine levels
may be associated with an increased risk of premature heart disease, thromboembolic disease,
preeclampsia and stroke (1-4). Rarely, mutations in MTHFR can cause severe
hyperhomocysteinemia, or homocystinuria, which is characterized by osteoporosis, eye
disorders, thrombosis, and developmental delay.

The most common form of genetic hyperhomocysteinemia results from a 677C>T
polymorphism (NM_005957.4:¢.665C>T, rs1801133) in MTHFR. This variant encodes a
thermolabile enzyme that is less active at higher temperatures. TT homozygous individuals tend
to have mildly elevated homocysteine levels and low serum folate levels. In the Americas, the
TT genotype is most common in Mexico (32%), is intermediate among European descendants in
the US (11%), and is least common in individuals of African descent (6%) (5, 6). Another
MTHFR mutation, /12984>C (NM_005957.4:¢c.1286A>C, rs1801131), does not cause increased
homocysteine levels in heterozygous or homozygous individuals, but combined heterozygosity
of 1298 A>C and 677C>T results in an outcome similar to TT homozygous individuals (7).

Diagnosis

Hyperhomocysteinemia is diagnosed by a blood test that measures total homocysteine levels.
Screening may be carried out in individuals who have had recurrent venous thromboembolism
and have a significant family history of venous thromboembolism.

Molecular genetic testing of MTHFR is available and may be used to confirm the diagnosis of
an inherited hyperhomocysteinemia.

Management



Individuals with MTHFR mutations may be advised to take folate supplements (8).

Genetic Counseling

The thermolabile 677C>T variant is inherited in an autosomal recessive fashion (9). Molecular
genetic testing of MTHFR may be used in individuals with confirmed elevated homocysteine
levels, particularly if they have a past medical history or family history of thrombosis or
premature heart disease.

Genetic testing may also be done if a family member has been diagnosed with a MTHFR
mutation, or before an individual is prescribed a drug that is more toxic in individuals that have
a MTHFR mutation, such as methotrexate (10).

References

1. Humphrey, L.L., R. Fu, K. Rogers, M. Freeman, and M. Helfand, Homocysteine level and
coronary heart disease incidence: a systematic review and meta-analysis. Mayo Clinic
proceedings, 2008. 83(11): p. 1203-12. [PubMed: 18990318]

2. den Heijer, M., F.R. Rosendaal, H.J. Blom, W.B. Gerrits, and G.M. Bos,
Hyperhomocysteinemia and venous thrombosis: a meta-analysis. Thrombosis and
haemostasis, 1998. 80(6): p. 874-7. [PubMed: 9869152]

3. Kupferminc, M.J., A. Eldor, N. Steinman, A. Many, et al., Increased frequency of genetic
thrombophilia in women with complications of pregnancy. The New England journal of
medicine, 1999. 340(1): p. 9-13. [PubMed: 9878639]

4. Kelly, PJ., J. Rosand, J.P. Kistler, V.E. Shih, S. Silveira, A. Plomaritoglou, and K.L. Furie,
Homocysteine, MTHFR 677C-->T polymorphism, and risk of ischemic stroke: results of a
meta-analysis. Neurology, 2002. 59(4): p. 529-36. [PubMed: 12196644]

5. Wilcken, B., F. Bamforth, Z. Li, H. Zhu, et al., Geographical and ethnic variation of the
677C>T allele of 5,10 methylenetetrahydrofolate reductase (MTHFR): findings from over
7000 newborns from 16 areas world wide. Journal of medical genetics, 2003. 40(8): p. 619-
25. [PubMed: 12920077]

6. Schneider, J.A., D.C. Rees, Y.T. Liu, and J.B. Clegg, Worldwide distribution of a common
methylenetetrahydrofolate reductase mutation. American journal of human genetics, 1998.
62(5): p. 1258-60. [PubMed: 9545406]

7. van der Put, N.M., F. Gabreels, E.M. Stevens, J.A. Smeitink, et al., A second common
mutation in the methylenetetrahydrofolate reductase gene: an additional risk factor for
neural-tube defects? American journal of human genetics, 1998. 62(5): p. 1044-51.
[PubMed: 9545395]

8. Guttormsen, A.B., P.M. Ueland, I. Nesthus, O. Nygard, J. Schneede, S.E. Vollset, and H.
Refsum, Determinants and vitamin responsiveness of intermediate hyperhomocysteinemia
(> or = 40 micromol/liter). The Hordaland Homocysteine Study. The Journal of clinical
investigation, 1996. 98(9): p. 2174-83. [PubMed: 8903338]

9. Kang, S.S., PW. Wong, A. Susmano, J. Sora, M. Norusis, and N. Ruggie, Thermolabile
methylenetetrahydrofolate reductase: an inherited risk factor for coronary artery disease.
American journal of human genetics, 1991. 48(3): p. 536-45. [PubMed: 1998339]

10. MTHFR. September 6, 2011 Available from: http://labtestsonline

.org/understanding/analytes/mthfi/tab/test

Copyright Notice

Bookshelf ID: NBK157065



