
Abstract. Background: Methylenetetrahydrofolate reductase
is associated with pathogenesis of both thrombosis and oral
cancer. Therefore, a search for a similar association of other
thrombosis-related factors with oral cancer is justified.
Patients and Methods: In order to investigate whether the
coagulation factor V Leiden and prothrombin G20210A
mutations increase the risk of oral cancer, we searched for
these mutant alleles by RFLP analysis in DNA samples of 102
patients with oral cancer and 120 healthy controls. Results:
Neither the Leiden nor the G20210A alleles were found in
statistically different frequencies in the two groups. In
addition, no statistical difference was observed in parameters
such as sex, age and positive family history for cancer.
Nevertheless, a significant difference was observed for Leiden
in patients with a positive history for thrombophilia
(p<0.001). Conclusion: There seems to be no association of
prothrombin, and possibly a minor contribution of factor V,
in oncogenesis in the oral region.

Oral cancer is mainly caused by environmental factors and

mutations in several genes (1, 2). Moreover, oral cancer, as

with any type of cancer, has an inseparable association with

the coagulation system. The coagulation system may make a

substantial contribution to tumor angiogenesis, which

represents an imbalance in the normal mechanisms that

allow organized healing after injury (3). Manipulations of

the coagulation system and angiogenesis pathways may

minimize both the neoangiogenesis essential for tumor

growth and associated thromboembolic complications (3).

However, since surgery is the primary treatment for most

cancers, the angiogenesis of wound healing and hemostatic

competence must be maintained (3). Therefore, due to

these complex interactions between the coagulation system

and the angiogenic process that occur in cancer growth, the

study of genes associated with the coagulation system looks

promising (3). One of these genes is the MTHFR gene,

which encodes the methylenetetrahydrofolate reductase

enzyme and has been associated with increased risk of

several cancers, in addition to oral cancer (4-10). MTHFR is

responsible for the circulating form of folate, 5-methyl-

tetrahydrofolate, which converts methionine to 

S-adenosylmethanine, i.e. the universal methyl donor for

various intracellular methylation reactions, particularly

DNA methylation (11, 12). A germ-line mutation has been

identified in the MTHFR gene at nucleotide 677 (C677T)

and the variant genotype is associated with an increased

thermoliability and significantly diminished specific activity

of the enzyme (11, 12). It has recently been shown that the

C677T genotype causes elevation in homocysteine levels

compared to the normal genotype (11-14). Homozygotes for

the mutation account for 8-8.5% of the general population,

and they are known to have a higher risk of thrombotic

events (thrombophilia) (12-16). They also display a higher

risk for development of oral cancer, according to some

reports (8-10).

In light of the established contribution of one genetic

factor associated both with thrombophilia and oral cancer,

the investigation of other such thrombophilia- predisposing

factors and their possible association with oncogenesis in

the oral region is justified. Two such coagulation factors,

with common mutations in the general population, are

factor V and factor II (prothrombin). It is interesting that

there have already been reports of an association between
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factor V Leiden mutation and prothrombin G20210A

mutation with other types of cancer, such as gastrointestinal

carcinoma, lung carcinoma, lymphoblastic leukemia etc. (4,

7, 17-20).

Mutant factor V Leiden is responsible for resistance to

protein C, a fact associated with clinical hypercoagulability

(21, 22). This missense mutation causes an arginine to

glutamine substitution in one of the protein’s cleavage sites

and renders activated factor V relatively resistant to

cleavage and, thus, inactivation, by activated protein C (21).

This mutation is now recognized as the most common cause

of heritable thrombophilia (22). Prothrombin, on the other

hand, is the precursor molecule of thrombin, which activates

factors V and VIII and converts fibrinogen to fibrin. A G 

to A transition at nucleotide position 20210, in the 

3’-untranslated region of the gene, is associated with an

increased risk of venous thrombosis (23, 24). Patients with

the G20210A allele have significantly higher levels of

plasma prothrombin, which is believed to mediate the

procoagulant effect (23, 24). In European populations,

including Greeks and Germans, each one of the two

mutations display frequencies of 4-5% (15, 22-25).

In order to investigate whether the Leiden and G20210A

alleles increase the risk of oral cancer, we searched for the

frequencies of these mutations in DNA samples of 102

patients with oral cancer, in comparison to 120 healthy

controls of similar ethnicity, age and sex.

Patients and Methods

The subjects under study included 222 unrelated individuals of

Greek (N=111) and German (N=111) origin, namely 102 patients

with oral squamous cell carcinoma and 120 healthy controls with

matched ethnicity, sex and age. The patients had an age range of

40-83 years (52.1+/–7.2 years, median 58 years) and were mostly

men (¡=90). The controls had comparable age (range 40-82; 

51.5 +/– 5.5 years, median 58 years) and sex ratio (¡=102 men).

Patients who had developed oral cancer and had been operated

recently or up to 10 years previously were included in this study. In

addition to clinical presentation, a biopsy with pathological

diagnosis of tumor was needed in order for a patient to be included

in the study.

For each patient, a family history of cancer and/or

thrombophilia was collected after informed consent. Forty-two

patients (41.2%) had one or two first-degree relatives with any type

of cancer. Their age range (median 58 years) was not significantly

different than the whole group. Furthermore, twenty-six patients

(25.5%) had one or two first-degree relatives with idiopathic

thrombosis, with an earlier age range (median 52 years), but again

with no statistical difference. Fourteen patients (13.7%) had a

positive family history for both cancer and thrombophilia (median

48 years).

Blood samples were collected from both the patient and the

control groups. ∞ll studied individuals were fully informed about

the potential meaning of test results and willingly participated in

the study. The samples were assigned a number and examined

blindly. DNA was extracted from blood with the use of the

Nucleonì kit (Amersham). Molecular analysis for the Leiden

mutation in the factor V gene and the G20210A mutation in the

prothrombin gene was performed as previously described (20, 23).

μriefly, it involved a combination of PCR and digestion with

restriction endonuclease Taq I, followed by agarose gel

electrophoresis analysis. The presence of each mutation alters a

Taq I recognition site, therefore the PCR product is not cleaved by

the enzyme. After Taq I treatment, the PCR product of 175 bp for

factor V and of 118 bp for prothrombin is seen on electrophoresis

as two fragments (157+18 bp and 98+10 bp, respectively) when a

normal allele is present, and intact when a mutant allele exists.

The frequencies of alleles and genotypes found in the group of

patients were compared to the respective frequencies of the control

group. Statistical analysis for comparisons between categorical

variables (such as ethnicity, sex, age, family history of cancer or

thrombophilia) was performed using the Chi-square test and

Fisher's exact test. ∞ll statistical differences were two-sided, and

the significance level was set at p<0.05.

Results

No significant differences between Greek and German

subjects were observed, therefore data from both

populations were analyzed together (Tables I and II). In the

control group (¡=120), the Leiden mutation was detected

in 6 heterozygotes (5%), while the G20210A mutation was

detected in 5 heterozygotes (4.2%). Therefore, the observed

allele frequencies were 2.5% and 2.0% for the Leiden and

the G20210A mutations, respectively. These findings are

similar to those previously reported for the Greek and

German populations (15, 25).

In the patient group (N=102), the Leiden mutation was

detected in 5 heterozygotes (4.9%), resulting in a frequency

of the mutant allele of 2.5%. The G20210A mutation was

detected in 4 heterozygotes (3.9%), therefore the frequency

of the mutant allele was 2.0%. For both mutations, the

observed carrier and mutant frequencies of the patients

compared to the equivalent ones of the controls indicated

no statistical difference. Comparisons between subgroups

using parameters such as positive family history for cancer,

ethnicity, sex or age failed to detect any statistically

significant differences in allele frequencies either. The only

statistical difference with controls was observed for the

Leiden allele and carrier frequencies in the subgroup of

patients with a positive history of thrombophilia (p<0.001,

Table I).

Discussion

Patients with malignacies have an increased risk of

coagulopathy due to the release of tissue factor by the

tumor, damage to the vessel wall and immobilization (26-28).

Moreover, tumors may improve their growth and metastatic

spread by utilizing the angiogenesis process (29, 30). It is
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thus clear that coagulopathy and angiogenesis are among the

most consistent host responses associated with cancer (3).

These two processes may, in fact, be functionally inseparable

as blood coagulation and fibrinolysis, in their own right,

influence tumor angiogenesis and thereby contribute to

malignant growth (3). In addition, tumor angiogenesis

appears to be controlled through both standard and non-

standard functions of such elements of the hemostatic system

as tissue factor, thrombin, fibrin, plasminogen activators,

plasminogen and platelets (3). "Cryptic" domains can be

released from hemostatic proteins through proteolytic

cleavage, and act systemically as angiogenesis inhibitors (e.g.,
angiostatin, antiangiogenic antithrombin III aaATIII) (3).

Various components of the hemostatic system either

promote or inhibit angiogenesis, probably acting by changing

the net angiogenic balance (3). However, their complex

influences are far from being fully understood (3).

Therefore, in view of an association between the

coagulation-related MTHFR mutation and oral cancer,

shown in some reports (8, 10), we searched for a possible
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Table I. Prevalence of factor V Leiden mutation in 120 healthy controls and 102 patients with oral cancer. N.S.: no statistical difference.

Controls Patients Patients with Patients without Patients with Patients without 

positive history positive history positive history positive history

of cancer of cancer of thrombophilia of thrombophilia

Heterozygotes 6 5 1 4 4 1

Homozygotes mutant 0 0 0 0 0 0

Homozygotes normal 114 97 45 52 28 69

Total 120 102 46 56 32 70

Statistical difference N.S. N.S. N.S. p<0.001 N.S.

Carrier frequency 5.0% 4.9% 2.2% 7.1% 12.5% 1.4%

Allele frequency 2.5% 2.5% 1.1% 3.6% 6.3% 0.7%

Statistical difference N.S. N.S. N.S. p<0.001 N.S.

Table II. Prevalence of prothrombin G20210A mutation in 120 healthy controls and 102 patients with oral cancer. N.S.: no statistical difference.

Controls Patients Patients with Patients without Patients with Patients without 

positive history positive history positive history positive history

of cancer of cancer of thrombophilia of thrombophilia

Heterozygotes 5 4 1 3 2 3

Homozygotes mutant 0 0 0 0 0 0

Homozygotes normal 115 98 45 53 30 67

Total 120 102 46 56 32 70

Statistical difference N.S. N.S. N.S. N.S. N.S.

Carrier frequency 4.2% 4.0% 2.2% 5.4% 6.3% 4.3%

Allele frequency 2.0% 2.0% 1.1% 2.5% 3.1% 2.1%

Statistical difference N.S. N.S. N.S. N.S. N.S.



contribution of the other two most common thrombophilia-

predisposing genetic factors in oral cancer risk (15, 22-25).

The study of the factor V and prothrombin mutations was

effected in 102 unrelated individuals who presented with oral

cancer in comparison to 120 healthy controls of comparable

ethnicity, age and sex. The overall data obtained did not

reveal any association between Leiden and G20210A

mutations and an increased risk for oral cancer, in contrast

with the association previously reported for other types of

cancer (4, 7, 17-20). The only exception was the significant

findings for Leiden in the subgroup with a positive history

for thrombophilia, but firm conclusions cannot be drawn

because of the small number of patients studied.

Factor V and prothrombin are not the only factors in

which defects predispose to cardiovascular disease. There

are other genetic defects established as risk factors for

venous thrombosis, such as protein C, protein S and

antithrombin deficiencies, defects in the anticoagulant

pathways of blood coagulation etc. (31). Therefore, an

investigation of the possible association of other

thrombophilia-related factors to increased risk of oral

cancer should be conducted.
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