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Abstract

Introduction: The MTHFR gene, located at 1p36.22, is involved in the conversion of homocysteine to methionine via fo-
late metabolism, which is essential for DNA, RNA, and protein synthesis. Variants such as C677T and A1298C have been
associated with neural tube defects, thrombosis, schizophrenia, and homocystinuria due to MTHFR deficiency—an auto-
somal recessive condition characterized by toxic accumulation of homocysteine. Methodology: A systematic search was
conducted using the OMIM database. Tasks were distributed among team members to ensure validated content, collabo-
rative writing, and consistent structure. Results: A total of 113 studies were identified: 32 association studies, 14
experimental studies, 14 case-control studies, 10 meta-analysis studies, 10 case reports. Two transmission and two cohort
studies were also identified. Mutations affect the activity of the MTHFR enzyme, leading to multisystem dysfunctions. Ho-
mocystinuria presents neurological, ocular, skeletal, and vascular manifestations. No conclusive evidence of haploinsuffi-
ciency or triplosensitivity was found according to ClinGen. Discussion: The literature shows sustained interest in MTHFR,
although results are mixed. Functional variants may contribute to complex disorders, but epigenetic, environmental, and
gene-gene interactions also play a role. The limited number of longitudinal and molecular studies restricts a comprehen-
sive understanding of the gene. Conclusion: MTHFR is a key genetic marker in personalized medicine. The limited num-
ber of cohort studies highlights the need to broaden methodological approaches and functionally validate its clinical role,
encouraging genetic screening and preventive intervention with folate.

INTRODUCTION
The MTHFR gene (Methylenetetrahydrofolate Re-
ductase), located on chromosome 1p36.22, plays
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methylation of homocysteine to methionine. This
metabolic pathway is critical for the synthesis of
DNA, RNA, and proteins, and its dysfunction can
lead to significant clinical implications [4,5]. Muta-
tions in MTHFR, particularly the C677T and A1298C
polymorphisms, have been linked to multiple
pathologies, including neural tube defects, psychi-
atric disorders such as schizophrenia, thromboem-
bolisms, and homocystinuria due to MTHFR
deficiency [1,2,5]. The latter is inherited in an auto-
somal recessive manner and is characterized by the
accumulation of homocysteine in blood and urine,
leading to multisystemic toxicity [2,3].

The clinical spectrum of homocystinuria includes
neurological alterations (cognitive delay, seizures),
ocular (lens dislocation), skeletal (tall stature, Mar-
fan-like deformities), and vascular (increased throm-
botic risk) [3]. The evidence compiled in the OMIM
database integrates genetic association studies,
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meta-analyses, clinical studies, experimental stud-
ies, and scientific letters, reflecting the complexity of
the impact of MTHFR at the molecular and popula-
tion levels [1].

Early identification of pathogenic variants and their
correlation with biomarkers such as homocysteine
allows for a preventive and personalized therapeutic
approach [3,4]. This compendium underscores the
importance of genetic screening and dietary inter-
vention (such as folate supplementation) in vulnera-
ble populations [3,6]. Thus, MTHFR is established
as a key genetic marker in personalized medicine
and in understanding complex diseases with a
metabolic and epigenetic basis [4,5,7].

The MTHFR gene (OMIM 607093) encodes a key
enzyme in folate and homocysteine metabolism, es-
sential processes for DNA methylation and methion-
ine synthesis. Genetic variations in this gene, such
as the C677T and A1298C polymorphisms, have
been associated with multiple pathologies, including
neural tube defects, thrombosis, and neuropsychi-
atric disorders [1,2,4]. This research explores the
clinical implications of these mutations and the rele-
vance of MTHFR as a genetic marker in personal-
ized medicine [5,6].

METHODOLOGY

For the completion of this work, our group adopted a
collaborative and efficient organization. From the
early stages, we conducted planning meetings to
define the content and distribute tasks based on the
individual strengths of each member. Specific re-
sponsibilities were assigned: some members fo-
cused on information gathering, others on writing
the text, and others on designing the presentation.
All the information used was obtained from the
OMIM site, which ensured the truthfulness and so-
lidity of the content [1]. Throughout the process, we
maintained constant communication to ensure the
coherence and proper structuring of all sections.
This collaborative approach allowed us to develop a
comprehensive, rigorous, and well-founded project.
Each article was assigned to one of 8 possible
categories depending on the type of study. The
categories were: association studies, case-control,
experimental, meta-analysis, case report, negative
association, transmission study, cohort, and others.

RESULTS

The genetic function of the MTHFR gene is un-
known; this gene focuses on the production of the
enzyme methylenetetrahydrofolate reductase (EC
1.5.1.20). This enzyme catalyzes the conversion of
5,10-methylenetetrahydrofolate to 5-methyltetrahy-
drofolate. 5-methyltetrahydrofolate is an essential
substrate for the remethylation of homocysteine to
methionine [1,2]. The MTHFR gene is located in the
1p36.22 region of chromosome 1 and is composed

of 11 exons in humans. Several polymorphisms
have been identified in this gene, which can affect
the enzyme's activity [1,5]. In the case of homo-
cystinuria, it is due to MTHFR deficiency, which is a
disease where there is a deficiency of the
methylenetetrahydrofolate reductase (MTHFR) en-
zyme. This enzymatic deficiency is due to mutations
in the MTHFR gene [2]. Elevated levels of homocys-
teine in blood and urine are characteristic of this
condition [3]. The inheritance pattern for homo-
cystinuria due to MTHFR deficiency described in the
sources is autosomal recessive [1,2].

Diseases associated with MTHFR — OMIM 607093
Neural tube defects [1,2]

Schizophrenia [2,6]

Thromboembolism [3,5]

Homocystinuria due to MTHFR deficiency [2,3]

The evidence on haploinsufficiency and triplosensi-
tivity in relation to the MTHFR gene is limited and, to
date, a conclusive correlation has not been estab-
lished in recognized clinical databases such as Clin-
Gen [1]. Haploinsufficiency refers to the inability of a
single functional copy of the gene to maintain nor-
mal function, while triplosensitivity implies a patho-
logical phenotype due to the presence of an
additional copy of the gene. In the case of MTHFR,
the main variants of interest (such as C677T and
A1298C) generate quantitative enzymatic changes,
but clinical phenotypes attributable to a single miss-
ing copy or duplication of the locus have not been
consistently described [1,7]. The clinical effects ob-
served are usually related to homozygous or com-
pound heterozygous combinations in the context of
functional polymorphisms, rather than with complete
deletions or duplications of the gene. Therefore, ac-
cording to the current evidence, there is insufficient
support to demonstrate haploinsufficiency or
triplosensitivity as primary disease mechanisms for
MTHFR, indicating the need for more structural and
functional studies to define its possible impact in
these genomic contexts [1,7].

Homocystinuria is a genetic disease caused by mu-
tations in the CBS gene, which encodes the enzyme
cystathionine beta-synthase, essential for the me-
tabolism of the amino acid methionine. When this
gene is altered, the enzyme does not function cor-
rectly, preventing the conversion of homocysteine
into cystathionine. As a result, homocysteine accu-
mulates in the blood and urine, producing toxic ef-
fects on various organs [3]. This accumulation
causes neurological disorders, ocular alterations
such as lens dislocation, skeletal malformations,
and a high risk of thrombosis [3]. Homocystinuria is
a clear example of how a single genetic mutation
can generate a multisystem disorder with serious
consequences if not detected and treated in time
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Table 1. Partial list of references analyzed and categorization (see supplementary table).

Referencia Categories

Allen, N. C., Bagade, S., McQueen, M. B., loannidis, J. P. A, et al.
Systematic meta-analyses and field synopsis of genetic association
studies in schizophrenia: the SzGene database. Nature Genet. 40: 827-
834, 2008. [PubMed: 18583979]

Anderson, C. A. M., Jorgensen, A. L., Deeb, S., et al. Equal proportion of
adult male and female homozygous for the 677C-T mutation... (Letter) Other
Am. J. Med. Genet. 134A: 97-99, 2005. [PubMed: 15704130]

Anonymous. Recommendations for the use of folic acid to reduce the
number of cases of spina bifida and other neural tube defects. MMWR Other
Morb. Mortal. Wkly. Rep. 41 (Rr-14): 1-7, 1992.

Bagley, P. J., Selhub, J. A common mutation in the
methylenetetrahydrofolate reductase gene is associated with an Experimental or Basic Science
accumulation of formylated tetrahydrofolates... PNAS 95: 13217-13220, Study

1998. [PubMed: 9789068]

Beckman, D. R., Hoganson, G., Berlow, S., et al. Pathological findings in
5,10-methylene tetrahydrofolate reductase deficiency. Birth Defects Orig. Case Reports
Art. Ser. 23: 47-64, 1987. [PubMed: 3580562]

Bjelland, I., Tell, G. S., Vollset, S. E., et al. Folate, vitamin B12,
homocysteine, and the MTHFR 677C-T polymorphism in anxiety and
depression: the Hordaland Homocysteine Study. Arch. Gen. Psychiat. 60:
618-626, 2003. [PubMed: 12796225]

Boduroglu, K., Alanay, Y., Koldan, B., et al. MTHFR polymorphisms as
maternal risk for Down syndrome among Turkish women. Am. J. Med. Case Controls
Genet. 127A: 5-10, 2004. [PubMed: 15103709]

Casas, J. P., Hingorani, A. D., et al. Meta-analysis of genetic studies in

Meta-analysis

Cohort

ischemic stroke... Arch. Neurol. 61: 1652-1662, 2004. [PubMed: Meta-analysis
15534175]

Castro, R., Rivera, |., et al. MTHFR 677C-T and 1298A-C mutations are

associated with DNA hypomethylation. (Letter) J. Med. Genet. 41: 454- Other

458, 2004. [PubMed: 15173232]

Christensen, B., Arbour, L., et al. Genetic polymorphisms in MTHFR and
methionine synthase, folate levels in red blood cells, and risk of neural Case Controls
tube defects. Am. J. Med. Genet. 84: 151-157, 1999. [PubMed: 1032374 1]

de Franchis, R., Buoninconti, A., et al. The C677T mutation... is a
moderate risk factor for spina bifida in Italy. J. Med. Genet. 35: 1009-1013, Case Controls
1998. [PubMed: 9863598]

Donnelly, J. G. The 1298(A-C) mutation of MTHFR should be designated
to the 1289 position... (Letter) Am. J. Hum. Genet. 66: 744, 2000. Other
[PubMed: 10677336]

Fletcher, O., Kessling, A. M. MTHFR association with arteriosclerotic

vascular disease? Hum. Genet. 103: 11-21, 1998. [PubMed: 9737770] Association Studies

Friso, S., Choi, S.-W., et al. A common mutation in the 5,10-MTHFR gene
affects genomic DNA methylation... PNAS 99: 5606-5611, 2002.
[PubMed: 11929966]

Source: The list of articles was obtained from the OMIM record for the gene. The categories were defined by the
authors.
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Graph 1. Frequency of OMIM articles by category for the gene MTHFR.
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Source: Data analysis.

[3]. When there is a mutation in this gene, enzy-
matic activity is reduced or completely lost. Conse-
quently, homocysteine is not adequately
metabolized and accumulates in blood, urine, and
tissues, causing toxic effects through various mech-
anisms, including oxidative stress, endothelial dam-
age, and alteration of sulfur metabolism [3]. This
accumulation severely affects multiple systems of
the body. Clinically, homocystinuria manifests
through neurological alterations (mental retardation,
seizures, behavioral changes), ocular defects (lens
dislocation, severe myopia), vascular problems (in-
creased risk of venous or arterial thrombosis), and
skeletal alterations (tall stature, scoliosis, deformi-
ties similar to Marfan syndrome) [3]. The variety of
clinical manifestations, which can appear in early
stages or progress insidiously, highlights the impor-
tance of early diagnosis [3].

In our evaluation of the references of this gene in
OMIM, we were able to classify a total of 113 arti-
cles. The vast majority were clinical association
studies, followed by non-clinical experimental stud-
ies. In frequency followed 14 case-controls, 10
meta-analyses and 10 case reports.

It is important to note that only 2 cohort studies
and 2 transmission studies were identified. The
Other Studies group represented a total of 24
cases (see Table 1 and Graph 1).

DISCUSSION

The findings presented reinforce the clinical rele-
vance of the MTHFR gene as a key component in
folate and homocysteine metabolism, fundamental
processes for neurological, vascular, and reproduc-
tive health. The high frequency of genetic associa-
tion and case-control studies in the reviewed
literature indicates a sustained interest in under-
standing the most common polymorphic variants,
such as C677T and A1298C, in various populations
and diseases. Despite the abundant evidence,
some controversy persists regarding the clinical in-
terpretation of these variants, especially in contexts
such as mental health, fertility, and response to nu-
tritional treatments.

It is noteworthy that multiple studies not only confirm
significant associations but also point out negative
or inconclusive results, suggesting the influence of
epigenetic, environmental, and gene interaction fac-
tors. Likewise, the limited evidence of haploinsuffi-
ciency and ftriplosensitivity according to ClinGen
highlights the need for more robust functional stud-
ies to clarify the impact of structural alterations in
this gene.

In our evaluation of the references related to the
MTHFR gene in the OMIM database, we were able
to classify a total of 113 articles, observing a clear
predominance of clinical association studies (n
32), followed by experimental studies (n = 14) and
case-controls (n = 14). This distribution suggests a
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priority focus on observational clinical and genetic
research aimed at establishing correlations between
MTHFR gene variants and various pathologies.

The presence of 4 letters to the editor and 4 nega-
tive association studies is noteworthy, indicating
that there is also a critical and contradictory body
of evidence that deserves consideration when in-
terpreting the findings. Particularly notable is the
low representation of cohort studies (n = 2) and
transmission studies (n = 2), reflecting a limitation
in broad longitudinal and molecular approaches.
These findings highlight the need to diversify the
methodological design in future research to
strengthen the comprehensive understanding of
the clinical and functional impact of the MTHFR
gene (See Table 1 and Graph 1).

CONCLUSION

The MTHFR gene represents a relevant genetic
marker in personalized medicine because of its role
in folate and homocysteine metabolism. In our re-
view of 113 references in OMIM, we observed a
predominance of association studies (n = 32), fol-
lowed by genetic association studies and meta-
analyses, evidencing an observational approach in
the literature. The low presence of cohort and ge-
nomic studies indicates the need to diversify
methodological designs. These findings underscore
the importance of interpreting genetic results with
caution and promoting more robust and varied re-
search, and allow us to evaluate the clinical
evidence of this gene.
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