
Abstract. Meningiomas are (usually) slow-growing benign
tumors, and several factors have been implicated in their
development. Increasing age, previous exposure to ionizing
radiation, endogenous hormone status and history, hormone
replacement therapy, genetic variants and polymorphisms
are the main factors that have been proven or assumed to be
involved in meningioma formation. The complex genetic
background supporting the pathogenesis of meningiomas
includes a large number of mutations and polymorphisms
that might be actively involved in tumor development,
progression and recurrence. The aim of this mini-review is
to summarize the current data concerning the role of folate
metabolism-related gene polymorphisms in the development
of meningiomas. 

Meningiomas are (usually) slow-growing benign tumors,
deriving from arachnoidal (meningothelial) cells and
represent the most common type of intracranial tumor (1, 2).
Meningiomas more frequently occur in women (with  a
female:male ratio of 2:1) (3), and are classified by the World
Health Organization (WHO) into three main grades: (a) I,
benign, over 90% of meningiomas; (b) II, atypical, 4.7-7.2%
of meningiomas; and (c) III, malignant/anaplastic, 1-2.8% of
meningiomas (4, 5). 

Factors that have been proven or are believed to contribute
to the development of meningiomas are: (a) increasing age
(1), (b) exposure to ionizing radiation (6-8), (c) endogenous
hormone status and history (9-12), (d) hormone replacement

therapy (9, 10, 13), (e) genetic variants and polymorphisms
(14-17), as well as other potential factors (1). A synopsis of
these factors is provided in Table I.

Folate (folic acid) is a micronutrient molecule that
participates in DNA synthesis, methylation and repair
mechanisms (Figure 1) (18). Folate deficiency leads to
catastrophic DNA repair, DNA strand breakage and
chromosomic damage (19). Folate metabolism-related
enzyme-encoding genes display several single nucleotide
polymorphisms (SNPs) and/or variable number tandem
repeats, which may alter the activities of the encoded enzymes
and contribute to the development of several malignancies
(e.g. acute lymphoblastic leukemia, colon cancer, glioblastoma
multiforme and pancreatic cancer) (20-23). 

The aim of this mini-review is to summarize the current
data concerning the role of folate metabolism-related gene
polymorphisms in the development of meningioma. 

Molecular Genetics in the 
Pathogenesis of Meningiomas

Abnormalities in the 22q locus have been identified as being
relevant to the pathogenesis of meningiomas (in 40-70% of
cases) (17). The majority of sporadic meningiomas that carry
a loss on 22q are also characterized by the existence of
mutations within the neurofibromatosis type 2 (NF2) gene,
located on 22q12 (24). The NF2 gene encodes a protein
called swannomin or merlin that links the cytoskeleton to
membrane proteins, regulating cell growth and motility (25).
Cytogenetic differences in tumorigenesis of the various
meningioma subtypes are suggested by the fact that NF2
gene mutations are detected at different frequencies among
these subtypes (24). However, NF2 gene mutations are
probably involved in tumorigenesis, but not in tumor
progression, since their frequency in atypical and anaplastic
meningioma is close to that noted in fibroblastic ones (26). 

Mutations or deletions of the NF2 gene constitute an early
event in almost 50% of all sporadic meningioma cases (27,
28), while the fact that partial 22q loss with no involvement
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of the NF2 locus, as well as no loss on 22q, are both
frequently observed in meningioma (5), leads to the
conclusion that NF2 gene deactivation is an important – but
not a critical – step in meningioma development. Hence,
there must be other genes on chromosome 22 or elsewhere
that are associated with meningioma development. All of
these chromosome gains and losses, as well as candidate
genes that are thought to be involved in the development and
progression of this type of tumor, are summarized in Table
II (2, 5, 25, 29, 30).

The Role of Folate Metabolism-related 
Gene Polymorphisms

At least 30 different enzymes are involved in folate
metabolism (31). Polymorphisms affecting the genes
encoding these enzymes lead to lower folate levels compared
to those noted in the normal genotype. The most important
polymorphisms affect the genes encoding enzymes crucial
for folate metabolism: (a) methylenetetrahydrofolate
reductase (MTHFR), (b) methionine synthase (MTR), (c)
thymidylate synthase (TS), as well as (d) reduced folate
carrier (RFC). The role of each of the above enzymes is
summarized in Figure 1.

Polymorphisms of the MTHFR gene. MTHFR converts 5,10-
methyltetrahydrofolate to 5-methyltetrahydrofolate (Figure
1) and polymorphisms of the gene encoding this enzyme,
such as the C�T substitution at nucleotide 677 (MTHFR
677C�T) and the A�C substitution at nucleotide 1298
(MTHFR 1298A�C), lead to lower folate levels (32, 33).
These MTHFR diplotypes have been recently associated with
high risk for meningioma development (p=0.002) (34). The
study of Bethke et al. (34) was conducted on 631
meningioma cases compared to 1,101 controls. In fact, the
highest risk for meningioma development was associated
with heterozygosity for both MTHFR variants (odds ratio:
2.11, 95% confidence interval: 1.42-3.12) (34). However, this
is not in compliance with the findings of Kafadar et al. (35),
who did not find any association between MTHFR 677C�T
genotype and meningioma development. The study of
Kafadar et al. (35) was, however, conducted on a total of 74
patients with histologically-verified primary brain tumors
(both meningiomas and high-grade gliomas) compared to 98
tumor-free patients, which is a significantly smaller sample
compared to that of Bethke et al. (34).

Polymorphisms of the MTR gene. MTR catalyzes the
remethylation of homocysteine to methionine in order to
maintain adequate intracellular folate levels (Figure 1). The
A�G substitution at nucleotide 2756 (MTR 2756A�G) of
the MTR gene, is relatively common and leads to a lower
enzyme activity. The study of Semmler et al. (36) on 290

patients of Caucasian origin who underwent surgical
resection for intracranial meningioma, recently revealed an
association between the MTR 2756A�G variant and WHO
grade III meningioma (p=0.001).

Other folate metabolism-related gene polymorphisms.
Homozygosity of the A�G substitution at nucleotide 66 of
the MTR reductase gene (MTRR 66A�G) has been
significantly associated with high risk of meningioma
development (odds ratio: 1.41, 95% confidence interval:
1.02-1.94) (34). However, TS gene polymorphisms (TS 28
base-pair tandem repeats), although being associated with
lower TS enzymatic activity (18, 37), have not yet been
tested in a sufficient number of meningioma patients (32).
On the other hand, the G�A substitution at nucleotide 80 of
the RFC gene (RFC 80G�A) that is associated with higher
affinity to folate leading to higher plasma folate levels (38),
has not been associated with increased risk of meningioma
development (36). Moreover, meningioma patients have been
also reported to significantly more frequently carry the
c.844_855ins86 variant of cystathione-β-synthase (CBS),
implicated in methionine metabolism, which is related to
folate metabolism (36).

Conclusion

The complex genetic background that supports the
pathogenesis of meningioma might include a large number
of mutations and polymorphisms that might be actively
involved in tumor development, progression and recurrence.
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Table I. Factors considered to contribute to the development of
meningiomas.

Contributing factor References

Increasing age 1

Exposure to ionizing radiation 
Tinea capitis cohort studies
Atomic bomb survivors
Patients receiving diagnostic or therapeutic radiation 6-8

Endogenous hormone status and history
Menopausal status
Parity
Pregnancy history
Age at menarche 9-12

Hormone replacement therapy 9, 10, 13

Genetic variants and polymorphisms
(For more details see text and Table II) 14-17

Other potential causes  1
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Table II. Synopsis of the genetic background proved or assumed to contribute to the development of meningiomas.

Genetic abnormalities Note(s)

A. Chromosomal gains and losses:

Loss on 1p The only independent predictor of recurrence in totally resected grade 
I meningiomas, observed in malignant meningiomas.

Gain on 1q Found in sporadic meningiomas.
Loss on 6q Found in sporadic and malignant meningiomas.
Loss on 9p Anaplastic meningioma patients that bear 9p21 deletion have a shorter survival.
Gain on 9q Found in sporadic meningiomas.
Loss on 10q Associated with meningioma progression.
Gain on 12q Found in sporadic meningiomas.
Loss on 14q Associated with meningioma progression and recurrent meningiomas.
Gain on 15q Found in sporadic meningiomas.
Gain on 17q23 Found in sporadic and malignant meningiomas.
Loss on 18q Found in sporadic and malignant meningiomas.
Gain on 20q Found in sporadic meningiomas.
Loss on 22q Relevant to the pathogenesis of meningiomas, in 40-70% of all meningiomas.
Loss on 22q12 Frequently observed in meningiomas.

B. Specific gene abnormalities:

Deactivation of NF2 Probably involved in tumorigenesis, but not in tumor progression; constitutes an early event in almost 
50% of all sporadic meningiomas; an important (but not a critical) step in meningioma development.

ATM Specific combinations of variants are associated with increased risk of meningioma development.
BCR Down-regulated in high-grade meningiomas.
DAL1 May play an important role in meningioma tumorigenesis.
ERCC2 Variants are associated with increased risk of meningioma development.
GSTM3 *B/*B genotype Associated with increased risk of meningioma development.
GSTT1 null genotype Associated with increased risk of meningioma development.
junB Down-regulated in high-grade meningiomas.
Ki-RAS Variants are associated with increased risk of meningioma development.
Rad Down-regulated in high-grade meningiomas.
Progesterone receptor expression Loss of which is found in atypical meningiomas.
Activation of telomerase Prominent feature of meningioma progression and present in all anaplastic meningioma cases.

Table III. Folate metabolism-related gene polymorphisms and their relation to the development of meningioma.

Polymorphism Note(s) References

MTHFR 677C�T MTHFR diplotypes have been associated with high risk for meningioma development. 34
Has not been associated with meningioma patients. 35

MTHFR 1298A�C MTHFR diplotypes have been associated with high risk for meningioma development. 34

MTR 2756A�G Explorative analyses have revealed an association with WHO grade III meningioma. 36

MTRR 66A�G Homozygosity has been significantly associated with high risk of meningioma development. 34

TS 28bp tandem repeats Has not been tested in a sufficient number of meningioma patients. 32

RFC 80G�A Has not been associated with increased risk of meningioma development. 36

CBS c.844_855ins86 variant Has been reported to be significantly over-represented in meningioma patients. 36

MTHFR: Methylenetetrahydrofolate reductase; MTR: methionine synthase; MTRR: methionine synthase reductase; TS: thymidylate synthase; RFC:
reduced folate carrier; CBS: cystathione-β-synthase.



The current data indicate that folate metabolism-related gene
polymorphisms may play a significant role in meningioma
development (Table III). The most significant polymorphisms
to date seem to be MTHFR 677C�T and 1298A�C,
associated with increased risk for meningioma development,
and MTR 2756A�G variant, which seems to be associated
with WHO grade III meningioma. Other folate metabolism-
related polymorphisms have also been linked to
meningiomas, and further studies should be conducted in
order to: (a) establish these (recent) findings, (b) explore the
mechanisms behind the involvement of folate metabolism in
meningioma tumorigenesis, as well as (c) provide new data
concerning the significance of these polymorphisms in a
possible chemotherapeutic approach towards the treatment of
meningiomas and/or the inhibition of their recurrence.

Acknowledgements

The Authors wish to acknowledge their appreciation to Assistant
Professor Stamatios Theocharis (MD, Ph.D.) for his comments
concerning the initial manuscript. 

References

1 Barnholtz-Sloan JS and Kruchko C: Meningiomas: causes and
risk factors. Neurosurg Focus 23: E2, 2007.

2 Lamszus K: Meningioma pathology, genetics, and biology. 
J Neuropathol Exp Neurol 63: 275-286, 2004.

3 Bondy M and Ligon BL: Epidemiology and etiology of
intracranial meningiomas: a review. J Neurooncol 29: 197-205,
1996.

4 Louis DN, Scheithauer BW and Budka H: Meningeal tumors.
In: World Health Organization Classification of Tumors.
Pathology and Genetics of Tumors of the Nervous System.
Kleihues P and Cavenee WK (eds.). Lyon, IARC Press, pp. 175-
196, 2000.

5 Norden AD, Drappatz J and Wen PY: Targeted drug therapy for
meningiomas. Neurosurg Focus 23: E12, 2007. 

6 Phillips LE, Frankenfeld CL, Drangsholt M, Koepsell TD, van
Belle G and Longstreth WT Jr: Intracranial meningioma and
ionizing radiation in medical and occupational settings.
Neurology 64: 350-352, 2005.

7 Sadamori N, Shibata S, Mine M, Miyazaki H, Miyake H,
Kurihara M, Tomonaga M, Sekine I and Okumura Y: Incidence
of intracranial meningiomas in Nagasaki atomic-bomb survivors.
Int J Cancer 67: 318-322, 1996.

8 Sadetzki S, Flint-Richter P, Ben-Tal T and Nass D: Radiation-
induced meningioma: a descriptive study of 253 cases. 
J Neurosurg 97: 1078-1082, 2002.

9 Claus EB, Black PM, Bondy ML, Calvocoressi L, Schildkraut
JM, Wiemels JL and Wrensch M: Exogenous hormone use and
meningioma risk: what do we tell our patients? Cancer 110: 471-
476, 2007.

10 Jhawar BS, Fuchs CS, Colditz GA and Stampfer MJ: Sex steroid
hormone exposures and risk for meningioma. J Neurosurg 99:
848-853, 2003.

11 Lee E, Grutsch J, Persky V, Glick R, Mendes J and Davis F:
Association of meningioma with reproductive factors. Int J
Cancer 119: 1152-1157, 2006.

CANCER GENOMICS & PROTEOMICS 7: 105-110 (2010)

108

Figure 1. Synopsis of the main folate metabolism pathways and their role in DNA methylation and synthesis. MTHFR: Methylenetetrahydrofolate
reductase; MTR: methionine synthase; TS: thymidylate synthase; RFC: reduced folate carrier.



12 Schlehofer B, Blettner M and Wahrendorf J: Association between
brain tumors and menopausal status. J Natl Cancer Inst 84: 1346-
1349, 1992.

13 Wigertz A, Lönn S, Mathiesen T, Ahlbom A, Hall P and
Feychting M; Swedish Interphone Study Group: Risk of brain
tumors associated with exposure to exogenous female sex
hormones. Am J Epidemiol 164: 629-636, 2006.

14 Lamszus K, Kluwe L, Matschke J, Meissner H, Laas R and
Westphal M: Allelic losses at 1p, 9q, 10q, 14q, and 22q in the
progression of aggressive meningiomas and undifferentiated
meningeal sarcomas. Cancer Genet Cytogenet 110: 103-110,
1999.

15 Ozaki S, Nishizaki T, Ito H and Sasaki K: Comparative genomic
hybridization analysis of genetic alterations associated with
malignant progression of meningioma. J Neurooncol 41: 167-
174, 1999.

16 Simon M, Boström JP and Hartmann C: Molecular genetics of
meningiomas: from basic research to potential clinical
applications. Neurosurgery 60: 787-798, 2007.

17 Weber RG, Boström J, Wolter M, Baudis M, Collins VP,
Reifenberger G and Lichter P: Analysis of genomic alterations in
benign, atypical, and anaplastic meningiomas: toward a genetic
model of meningioma progression. Proc Natl Acad Sci USA 94:
14719-14724, 1997.

18 Sharp L and Little J: Polymorphisms in genes involved in folate
metabolism and colorectal neoplasia: a HuGE review. Am J
Epidemiol 159: 423-443, 2004.

19 Duthie SJ: Folic acid deficiency and cancer: mechanisms of DNA
instability. Br Med Bull 55: 578-592, 1999.

20 Li D, Ahmed M, Li Y, Jiao L, Chou TH, Wolff RA, Lenzi R,
Evans DB, Bondy ML, Pisters PW, Abbruzzese JL and Hassan
MM: 5,10-Methylenetetrahydrofolate reductase polymorphisms
and the risk of pancreatic cancer. Cancer Epidemiol Biomarkers
Prev 14: 1470-1476, 2005.

21 Ma J, Stampfer MJ, Giovannucci E, Artigas C, Hunter DJ, Fuchs
C, Willett WC, Selhub J, Hennekens CH and Rozen R:
Methylenetetrahydrofolate reductase polymorphism, dietary
interactions, and risk of colorectal cancer. Cancer Res 57: 1098-
1102, 1997.

22 Semmler A, Simon M, Moskau S and Linnebank M: The
methionine synthase polymorphism C.2756A>G alters
susceptibility to glioblastoma multiforme. Cancer Epidemiol
Biomarkers Prev 15: 2314-2316, 2006.

23 Wiemels JL, Smith RN, Taylor GM, Eden OB, Alexander FE and
Greaves MF; United Kingdom Childhood Cancer Study
investigators: Methylenetetrahydrofolate reductase (MTHFR)
polymorphisms and risk of molecularly defined subtypes of
childhood acute leukemia. Proc Natl Acad Sci USA 98: 4004-
4009, 2001.

24 Wellenreuther R, Kraus JA, Lenartz D, Menon AG, Schramm J,
Louis DN, Ramesh V, Gusella JF, Wiestler OD and von Deimling
A: Analysis of the neurofibromatosis 2 gene reveals molecular
variants of meningioma. Am J Pathol 146: 827-832, 1995.

25 Perry A, Gutmann DH and Reifenberger G: Molecular
pathogenesis of meningiomas. J Neurooncol 70: 183-202, 2004.

26 Lee JH, Sundaram V, Stein DJ, Kinney SE, Stacey DW and
Golubić M: Reduced expression of schwannomin/merlin in
human sporadic meningiomas. Neurosurgery 40: 578-587, 1997. 

27 Harada T, Irving RM, Xuereb JH, Barton DE, Hardy DG, Moffat
DA and Maher ER: Molecular genetic investigation of the
neurofibromatosis type 2 tumor suppressor gene in sporadic
meningioma. J Neurosurg 84: 847-851, 1996.

28 Leone PE, Bello MJ, de Campos JM, Vaquero J, Sarasa JL,
Pestaña A and Rey JA: NF2 gene mutations and allelic status of
1p, 14q and 22q in sporadic meningiomas. Oncogene 18: 2231-
2239, 1999.

29 Hansson CM, Buckley PG, Grigelioniene G, Piotrowski A,
Hellström AR, Mantripragada K, Jarbo C, Mathiesen T and
Dumanski JP: Comprehensive genetic and epigenetic analysis of
sporadic meningioma for macro-mutations on 22q and micro-
mutations within the NF2 locus. BMC Genomics 8: 16, 2007.

30 Whittle IR, Smith C, Navoo P and Collie D: Meningiomas.
Lancet 363: 1535-1543, 2004. 

31 Lucock M: Folic acid: nutritional biochemistry, molecular
biology, and role in disease processes. Mol Genet Metab 71:
121-138, 2000.

32 Sirachainan N, Wongruangsri S, Kajanachumpol S, Pakakasama
S, Visudtibhan A, Nuchprayoon I, Lusawat A, Phudhicharoenrat
S, Shuangshoti S and Hongeng S: Folate pathway genetic
polymorphisms and susceptibility of central nervous system
tumors in Thai children. Cancer Detect Prev 32: 72-78, 2008.

33 Weisberg I, Tran P, Christensen B, Sibani S and Rozen R: A
second genetic polymorphism in methylenetetrahydrofolate
reductase (MTHFR) associated with decreased enzyme activity.
Mol Genet Metab 64: 169-172, 1998.

34 Bethke L, Webb E, Murray A, Schoemaker M, Feychting M,
Lönn S, Ahlbom A, Malmer B, Henriksson R, Auvinen A, Kiuru
A, Salminen T, Johansen C, Christensen HC, Muir K, McKinney
P, Hepworth S, Dimitropoulou P, Lophatananon A, Swerdlow A
and Houlston R: Functional polymorphisms in folate metabolism
genes influence the risk of meningioma and glioma. Cancer
Epidemiol Biomarkers Prev 17: 1195-1202, 2008.

35 Kafadar AM, Yilmaz H, Kafadar D, Ergen A, Zeybek U, Bozkurt
N, Kuday C and Isbir T: C677T gene polymorphism of
methylenetetrahydrofolate reductase (MTHFR) in meningiomas
and high-grade gliomas. Anticancer Res 26: 2445-2449, 2006.

36 Semmler A, Simon M, Moskau S and Linnebank M:
Polymorphisms of methionine metabolism and susceptibility to
meningioma formation: laboratory investigation. J Neurosurg
108: 999-1004, 2008.

37 Luo HR, Lü XM, Yao YG, Horie N, Takeishi K, Jorde LB and
Zhang YP: Length polymorphism of thymidylate synthase
regulatory region in Chinese populations and evolution of the
novel alleles. Biochem Genet 40: 41-51, 2002.

38 Chango A, Emery-Fillon N, de Courcy GP, Lambert D, Pfister
M, Rosenblatt DS and Nicolas JP: A polymorphism (80G->A)
in the reduced folate carrier gene and its associations with folate
status and homocysteinemia. Mol Genet Metab 70: 310-315,
2000.

Received February 7, 2010
Accepted February 17, 2010

Drakos et al: Folate Metabolism Genomics in Meningioma Development (Review)

109


