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RESEARCH IN THE last few years now
suggests that the “thermolabile”

methylene tetrahydrofolate reductase
(MTHFR) associated C677T polymor-
phism leads to an increased risk of
offspring with neural tube defects
(NTDs). In a study of 56 Canadian
patients with spina bifida, 62 mothers
of patients, 97 children without NTDs
(controls) and 90 mothers of controls,
Christensen et al. (1) observed that
18–20% of patients with NTDs and
their mothers were homozygous for the
C677T MTHFR polymorphism, com-
pared to 11% for controls and control
mothers, implying an increased risk of
NTD associated with the “thermo-
labile” MTHFR polymorphism. Hav-
ing an RBC folate concentration in the
lowest quartile, in conjunction with
homozygosity for the C677T polymor-
phism, further enhanced risk for
NTDs, providing evidence for a “ge-
netic-nutrient” interaction in risk asso-
ciation for NTDs. In the Irish, Shields
and coworkers (2) produced data that
led to similar conclusions. However,
their patient population (n5271 NTD
cases and n5218 NTD family mem-
bers, predominantly parents) was con-
siderably larger, providing enhanced
statistical significance. These investi-
gators detected the homozygous
C677T MTHFR polymorphism in 19%
of NTD cases vs. 8% of controls
(p50.0005), indicating that the ho-
mozygous MTHFR polymorphism
was a key genetic determinant in
MTHFR-derived NTD risk. These au-
thors correctly noted that the majority
of NTDs, even those which may be
potentially preventable by folate ther-
apy, must be associated with factors

unrelated to MTHFR since most
C677T homozygotes do not have
NTDs (suggesting low penetrance of
the MTHFR polymorphism as a risk
factor for NTDs, or perhaps adequate
folic acid intake), and most women
carrying fetuses with NTDs do not
manifest clinically deficient folate lev-
els in plasma or RBCs (although this
does not preclude the possibility that
affected fetuses may have a biochemi-
cal abnormality requiring higher folic
acid concentrations themselves). Data
that conflicted with these conclusions
were presented from a study of South
African Blacks by Ubbink et al. (3).
Folate, homocysteine (HCys) levels,
and presence of the “thermolabile”
MTHFR polymorphism, were deter-
mined in 107 healthy rural black
women, 54 rural black women with a
history of pregnancy complicated by
NTDs, and 101 apparently healthy ur-
ban black women. Ubbink et al. (3)
found that homozygosity for the “ther-
molabile” MTHFR polymorphism did
not contribute a genetic risk factor for
NTDs in this population; moreover, no
abnormality in HCys metabolism was
detected in women with NTD affected
pregnancies although they may have
had higher plasma folic acid levels.

Although controversial, the emerg-
ing model features a “genetic-nutrient”
interaction leading to increased risk for
NTDs. Maternal hyperhomocysteine-
mia (with or without the C677T allele)
has been associated with increased risk
of NTD in the fetus; “thermolabile”

MTHFR homozygotes are at risk of
hyperhomocysteinemia when plasma
folate is decreased, and decreased
MTHFR activity may further depress
already low folate concentrations. As
observed by Shields et al. (2), consen-
sus may only come with studies of
much larger mother-child pairs associ-
ated with NTDs, or through applica-
tion of transmission disequilibrium
tests (TDT) to three-generation fami-
lies to include MTHFR heterozygous
maternal grandparents of NTD off-
spring. Clearly, we have a lot to learn
about the role of folic acid, and the
enzymes responsible for its metabo-
lism, in human embryogenesis and
development.
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