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Abstract. This study was designed to investigate the
association of MTHFR C677T polymorphism and
the risk of two common musculoskeletal sarcomas,
osteosarcoma and chondrosarcoma. MTHFR geno-
types were determined in 56 patients (44 osteosarco-
ma, 12 chondrosarcoma) and 44 controls using the
PCR-RFLP technique. In the gender subgroup ana-
lysis, wild-type A allele frequency was higher in male
osteosarcoma patients than in male control subjects
(P=0.064). Mutant V allele and mutant VV genotype
were similar in the control group compared to the
sarcoma groups (P > 0.05). No correlation could be
proved between patient tumour site, presence of me-
tastasis, and local tumour relapse and MTHFR poly-
morphism. The MTHFR C677T polymorphism may
not be important in an individual’s susceptibility to
osteosarcoma and chondrosarcoma in Turkey and
may not be a useful marker for identifying patients
at high risk of developing sarcomas.

Introduction

Methylenetetrahydrofolate reductase (MTHFR) plays
a key role in the regulation of cellular methylation reac-
tion by catalyzing the conversion of 5,10-methylenetet-
rahydrofolate to 5-methyltetrahydrofolate; the latter is
the major form of folate in blood, and the primary me-
thyl donor for the remethylation of homocysteine (Hcy)
to methionine (Frosst et al.,1995). It has a crucial role in
the metabolism of folate, which acts in DNA metabo-
lism particularly in the synthesis of purine and thymi-
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dine nucleotides, DNA repair mechanisms, DNA meth-
ylation process, and cell division (James et al., 1994;
Kim et al., 1996).

Frosst et al. (1995) described C — T substitution in
the MTHFR gene at bp 677 that produces an alanine to
valine amino acid substitution in position 222 in the
catalytic domain of the MTHFR enzyme (A — alanine
corresponds to 677C; V — valine corresponds to 677T)
(Frosst et al.,1995). This polymorphism occurs in appro-
ximately 8 to 10 % of the population and reduces the
activity of the MTHFR enzyme (75 % in the A/V hetero-
zygous and 50 % in the V/V homozygous state, respec-
tively) resulting in lower plasma folate levels (Jacques
et al., 1996). The folate status shows a strong interactive
effect with the C677T polymorphism. In folate-replete
subjects, the VV genotype affords 50 % colorectal can-
cer risk reduction, whereas in subjects with low folate
status, the VV genotype confers no protection or probab-
ly risk enhancement. This may be due to an effect on
DNA synthesis resulting from increased availability of
5,10-methylenetetrahydrofolate (Chen et al., 1996; Ma
etal., 1997).

MTHFR polymorphism has been reported to be re-
lated both to the carcinogenesis process and some
complications of chemotherapy. Firstly, folate plays a
critical role in regulation of gene expression, mainte-
nance of genomic stability and DNA methylation,
which are important steps in carcinogenesis (Lengauer
et al., 1997; Kundu and Rao, 1999). A correlation be-
tween polymorphism in the MTHFR gene and increased
risk of some cancer types has been shown in previous
studies (Chen et al., 1996; Gershoni-Baruch et al.,
2000). Several studies on the MTHFR C677T polymor-
phism and cancer risk indicate that the T allele protects
against cancer in folate-replete subjects but increases
the risk under conditions of impaired folate status. The
protection might be related to abundant purines and
pyrimidines available for DNA synthesis, leading to
efficient DNA repair and essentially no uracil incorpo-
ration into DNA. The combination of low folate and
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TT genotype impairs Hcy remethylation to methionine;
this could thereby cause DNA hypomethylation, which
is known to be involved in carcinogenesis (Ueland
etal., 2001). Second, methotraxate (MTX) toxicity
occurs in patients with a homozygous polymorphism
(C677T) in the MTHFR gene (Toffoli et al., 2003).
Lower folate plasma levels increase the potency of
MTX. Determination of genotype data and use of re-
duced doses of antifolates may help in reducing toxic
complications of MTX treatment (Krajinovic et al.,
2004; McLean et al., 2004).

This study aims to examine the prevalence of the
MTHFR C677T mutation in osteosarcoma and chondro-
sarcoma patients, the two most common malignant bone
tumours, and in a healthy control group, in order to in-
vestigate the associations between the MTHFR gene and
carcinogenesis to support the relation of MTHFR muta-
tion and cancer development.

Material and Methods

Patients

The study group consisted of 44 patients (22 female
and 22 male) with a diagnosis of osteosarcoma (mean
age: 23.84 + 8.3 (range: 19-37)) and 12 patients (5 fe-
male and 7 male) with chondrosarcoma (mean age: 45 +
11.7 (range: 22-59)). The diagnoses were established

Table 1. Characteristics of the study population

with histological examination in all cases. The control
group consisted of 44 healthy individuals (mean age:
26.32 £ 5.15 (range 13-54); 36 female and 8 male) with
a negative family history of neoplasia. This group pri-
marily included the spouses of sarcoma patients and
volunteers.

All the sarcoma patients and control subjects were
Caucasians to ensure homogeneity of the ethnic back-
ground and to reduce genetic variability. They had an
average socio-economical status, and were attending Is-
tanbul University, Istanbul Faculty of Medicine, Depart-
ment of Orthopaedics and Traumatology. The diagnosis
of sarcoma was confirmed by clinical and laboratory ex-
aminations.

Six of the osteosarcoma and none of the chondrosar-
coma patients had lung metastases. Informed consent
was taken from all groups. The characteristics of the
groups were summarized in Table 1. In this study,
MTHFR polymorphism genotypes of C677T were in-
vestigated both in cancer patients and controls.

MTHFR Genotyping

DNA was extracted from the leukocyte pellets by so-
dium dodecyl sulphate lysis, ammonium acetate extrac-
tion, and ethanol precipitation (Miller et al., 1988).
MTHFR C677T genotypes were determined following
the PCR-RFLP method, according to a previously pub-
lished protocol (Frosst et al., 1995).

Control Osteosarcoma Chondrosarcoma Total patients
GROUP (N=44) (N=44) N=12) (N =56)
Gender (Male/ Female) (N) 8/36 22/22 7/5 29/27
Age (years) (mean + SD) 26.32£5.15 23.84+£8.3 45.00+11.7 28.05+£12.28
Range of age (years) 13-54 19-37 22-59 19-59
MTHFR Genotypes
AA
Total 25 (56.8 %) 24 (54.5 %) 7 (58.3 %) 31 (55.4 %)
Female 20 (55.6 %) 12 (54.5 %) 3 (60.0 %) 15 (55.6 %)
Male 5(62.5 %) 12 (54.5 %) 4(57.1 %) 16 (55.2 %)
\'AY
Total 3 (6.8 %) 1(2.3 %) 0 (0 %) 1 (1.8 %)
Female 1(2.8%) 1 (4.5 %) 0 (0 %) 1 (3.7 %)
Male 2(25.0 %) 0 (0 %) 0 (0 %) 0 (0 %)
AV
Total 16 (36.4 %) 19 (43.2 %) 5(41.7 %) 24 (42.8 %)
Female 15 (41.7 %) 9 (40.9 %) 2 (40.0 %) 11 (40.7 %)
Male 1(12.5 %) 10 (45.5 %) 3(42.9 %) 13 (44.8 %)
MTHFR Alleles
A
Total 66 (75 %) 67 (76 %) 19 (79 %) 86 (77 %)
Female 55(76.38) 33 (75.0 %) 8 (80.0 %) 41 (75.92 %)
Male 11 (68.75 %) 34 (77.27 %) 11 (78.57) 45(77.58 %)
A%
Total 22 (25 %) 21 (24 %) 521 %) 26 (23 %)
Female 17 (23.61 %) 11 (25.0 %) 2 (20.0 %) 13 (24.04 %)
Male 5(31.25 %) 10 (22.72 %) 3(21.42 %) 13 (22.41 %)

N: number of individuals. Figures in parentheses are percentages



Vol. 54

MTHFR Gene Polymorphism in Osteosarcoma and Chondrosarcoma 55

Statistical evaluation

Statistical analyses, using the SPSS version 10.0, in-
cluded the y?* test for genotype and allele frequency
comparison. A P value of less than 0.05 was regarded as
being statistically significant. When cell frequencies
were less than 5, frequency analyses were performed by
Fisher’s exact test. Student’s #-test was used for the
comparison of age between healthy and sarcoma pa-
tients.

Results

Distribution of MTHFR genotypes was similar in all
study groups. Results are summarized in Table 1. Of the
total of 44 osteosarcoma patients, the distribution among
genotypes was as follows: 24 AA (54.5 %), 19 (43.2 %)
AV and one VV (2.3 %), which corresponds to allele
frequencies of 67 for A and 21 for V (76.1 % of A and
23.8 % of V). Of the total of 12 chondrosarcoma pa-
tients, the distribution among genotypes was as follows:
7 AA (58.3 %), 5 AV (41.7 %), which corresponds to
allele frequencies of 19 for A and 5 for V.

The wild-type allele (A allele) was found to be more
frequent in the sarcoma patients (osteosarcoma and
chondrosarcoma) compared to the healthy control pa-
tients, with no statistical significance (y*= 1.625, P =
0.202; OR: 0.94, 95% CI: 0.86—1.03). All chondrosar-
coma patients had the wild-type (A) allele. In the gender
subgroup analysis, A allele frequency was higher in
male osteosarcoma patients than in male control sub-
jects (Fisher’s exact test, P = 0.064). However, mutant
type allele (V allele) and mutant type genotype (VV

genotype) occurrences were similar in the control group
compared to the sarcoma groups (P > 0.05).

No association could be shown between MTHFR
C677T polymorphism and lung metastasis. No correla-
tion could be proved between local tumour relapse, the
rate of metastasis, gender, and MTHFR genotypes in 0s-
teosarcoma patients (Table 2).

Analysis of association between the tumour site and
MTHFR genotypes in the osteosarcoma patients re-
vealed no significant correlation. The tumour was lo-
cated in femur in 33.3 % of the cases (65.4 % (N = 17)
AA and 34.6 % (N =9) AV), in 31.8 % in tibia (28.6 %
(N=4)AA,7.1% (N=1)VVand 64.3 % (N =9) AV),
in 4.5 % in humerus (100% (N = 2) AA), in 2.3 % in
scapula (100 % (N = 1) AV) and in 2.3 % in clavicula
(100 % (N =1) AA). The tumour was localized in femur
in 59.1 % of the cases (100 % (N =3) AA), in 11.1 % in
tibia (100 % (N = 1) AV), in 22.2 % in humerus (50 %
(N=1)AAand 50 % (N=1) AV), in 11.1 % in sacroil-
iac region (100 % (N =1) AV) and in 11.1 % in lum-
bopelvic region (100 % (N = 1) AV). No association was
found between the tumour site and MTHFR genotypes
in the chondrosarcoma patients; the tumour site was
found to be independent of the MTHFR genotype.

Discussion

A common mutation in the MTHFR gene results from
C to T transition at nucleotide 677, substituting alanine
for valine at codon 222 (Frosst et al., 1995). This muta-
tion is associated with increased thermolability and re-
duced enzyme activity, resulting in lower plasma folate
levels (Jacques et al., 1996). Folate plays a role as a do-

Table 2. Comparison of the presence of local tumour relapse, metastasis, and gender and MTHFR C677T polymorphism

in patients’ groups

Genotypes Alleles

AA \'A% AV A A%
Osteosarcoma (N = 44)
Presence of local tumour relapse (N = 4) 2 (50.0 %) 0 (0 %) 2 (50.0 %) 4 (66.6 %) 2 (33.3%)
Presence of metastasis (N = 6) 4 (66.7 %) 0 (0 %) 2(33.3%) 6 (75.0 %) 2 (25.0 %)
Female (N = 22) 12 (54.5 %) 1 (4.5 %) 9 (40.9 %) 21 (67.4 %) 10 (32.25 %)
Male (N =22) 12 (54.5 %) 0 (0 %) 10 (45.5%) 22 (68.75 %) 10 (31.25 %)
Chondrosarcoma (N = 12)
Presence of local tumour relapse (N = 2) 1 (50.0 %) 0 (0 %) 1 (50.0 %) 2 (66.6 %) 1 (33.3 %)
Presence of metastasis 0 (0 %) 0 (0 %) 0 (0 %) 0 (0 %) 0 (0 %)
Female (N = 5) 3 (60.0 %) 0 (0 %) 2 (40.0 %) 5(71.42 %) 2 (28.57 %)
Male (N=7) 4 (57.1 %) 0 (0 %) 3 (42.9 %) 7 (70.0 %) 3 (30.0 %)
Total patient group (N =56)
Presence of local tumour relapse (N = 6) 3 (50.0 %) 0 (0 %) 3 (50.0 %) 6 (66.6 %) 3(33.3%)
Presence of metastasis (N = 6) 4 (66.7 %) 0(0 %) 2 (33.3 %) 6 (75.0 %) 2 (25.5%)
Female (N =27) 15 (55.6 %) 1 (3.7 %) 11 (40.7 %) 26 (68.42 %) 12 (31.57 %)
Male (N =29) 16 (55.2 %) 0 (0 %) 13 (44.8%) 29 (69.04 %) 13 (30.95 %)

N: number of individuals
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nor of one carbon group in DNA methylation and nu-
cleic acid synthesis. Folate deficiency causes not only
defects in DNA methylation, but also genomic instabil-
ity (Chen et al., 1998). Folate deficiency is also associ-
ated with chromosome breaks, because reduced DNA
methylation decreases the synthesis of thymidine from
uracil, leading to DNA strand breaks (Duthie and Haw-
don, 1998). DNA methylation defects, loss of synthesis
of purine and pyrimidine nucleotides and insufficient
DNA repair mechanisms are some causes of DNA da-
mage, which also are means of the carcinogenesis proc-
ess (Goelz et al., 1985; Feinberg et al., 1988). Since
MTHEFR is indirectly related to these processes, MTHFR
polymorphism or defects are hypothesized to be one of
the risk factors for neoplastic diseases (Chiusolo et al.,
2002; Zoodsma et al., 2005).

A correlation between MTHFR polymorphism and
breast cancer or endometrial cancer has previously been
demonstrated (Esteller et al., 1997; Campbell et al.,
2002). Some studies focused on the combined effect of
MTHFR polymorphism and dietary intake of folate on
cancer formation. Beilby et al. observed that increased
serum concentration of folate was associated with re-
duced risk of breast cancer, while this relation was
stronger in cases with C677T genotype of the MTHFR
gene (Beilby et al., 2004).

In the present study, the A allele frequency was high-
er in male osteosarcome patients compared to male con-
trol subjects in the gender subgroup analysis, but not
statistically significant (P = 0.064). However, our results
demonstrated that there is no association between
MTHFR C677T polymorphism (the presence of V allele
or VV genotype) and osteosarcoma or chondrosarcoma
development.

Contrary to our study, an association between MTHFR
genotype and colonic cancer was reported by some au-
thors. Slattery et al. found that the presence of MTHFR
valine/valine genotype and adequate folate intake re-
sulted in 30-40% reduced risk for colon cancer, com-
pared to wild-type MTHFR genotype and reduced folate
intake (Slattery et al., 1999). Ma et al. found that the
MTHFR valine/valine genotype had a 50% reduced
colorectal carcinoma risk compared to alanine/valine
and alanine/alanine genotypes (Ma et al., 1997). In an-
other study, it was shown that the valine/valine genotype
was associated with a statistically significant decrease in
the risk for colorectal carcinoma (Yin et al, 2004).
However, some researchers failed to show any associa-
tion between the MTHFR genotype and colorectal carci-
noma (Marugame ef al., 2000; Ulrich et al., 2000).

In conclusion, our findings do not support the hypoth-
esis that the V allele or VV genotype of MTHFR is a
reducing factor for carcinoma. The present article is one
of the preliminary studies about MTHFR gene polymor-
phism in osteosarcoma and chondrosarcoma patients.
Studies performed on a larger number of subjects are
needed to achieve a better understanding of this rela-
tionship.
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