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INTRODUCTION
Homocysteine, a sulfur-containing amino acid produced 
by the adenylation and subsequent demethylation of  
dietary methionine, is an essential intermediate in folate 
metabolism. Two enzymes and three vitamins play a key 
role in the regulation of  circulating homocysteine levels. 
Of  the enzymes, cystathionine-b-synthase controls the 
breakdown of  homocysteine to cystathionine in the 
transsulfuration pathway, while methylene tetrahydrofolate 
reductase (MTHFR) is involved in the remethylation 
pathway, in which homocysteine is converted back to 
methionine. Homocysteine is present in human plasma 
in four forms: 1% as free thiol, 20%-30% as disulfur 
with itself  and others thiols, 70%-80% as disulphide 
bound to plasma proteins. The sum of  all the forms 
of  homocysteine existing in plasma is referred as “total 
plasma homocysteine” (tHcy)[1,2]. 

Folic acid, vitamin B6 and vitamin B12 are essential 
cofactors in homocysteine metabolism and a lack of  
them due to a deficient diet or disease can produce 
elevated plasma homocysteine[2,3]. Increased homocysteine 
concentrations are thought to directly affect carcinogenesis 
by diminishing DNA methylation in critical tissues through 
a simultaneous increase in intracellular S-adenosylhomo
cysteine[4]. Inclusion of  homocysteine in the assessment 
of  folate in carcinogenesis is important because we may 
deal with an issue of  inadequate folate metabolism, which 
is indicated by the reduced function of  enzymes involved 
in homocysteine metabolism, rather than merely a state 
of  folate deficiency. However, to our knowledge, only 
one study has reported that there is no significant positive 
association between serum homocysteine and colorectal 
cancer[5]. Despite the substantial amount of  published 
data related to folate and colorectal carcinogenesis, the 
mechanisms responsible for this effect remain unclear. 
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Abstract
AIM: To investigate the behaviour of total plasma 
homocysteine (tHcy) and its most common genetic 
determinant defect, the methylenetetrahydrofolate 
reductase C677T (C677TMTHFR) polymorphism in 
patients with early stage colorectal carcinoma. 

METHODS: tHcy was quant i f ied by Abbott IMx 
immunoassay; screening for C677TMTHFR substitution 
was performed by PCR and restriction analysis. 

RESULTS: The frequency of the C/T and T/T genotypes 
of the C677TMTHFR gene polymorphism did not differ 
between the groups. The mean tHcy was statistically 
higher in cancer patients than in control subjects 
carrying the same C/C or C/T genotype, whereas there 
was no difference in the T/T homozygous carriers of 
the two groups. tHcy was significantly higher in the 
T/T homozygous carriers than in C/C and C/T genotype 
carriers. 

CONCLUSION: The statistically significant increase of 
tHcy observed in C/C and C/T genotype carriers among 
our cancer patients is related to substrate consumption 
dependent on the tumor cell proliferation rate, whereas 
the tHcy increase observed in T/T genotype carriers of 
both groups probably depends on the enzymatic deficit 
of the homocysteine conversion to methionine and/or on 
the folate deficiency.
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Plausible mechanisms described in the literature include 
the role of  folate in the metabolism of  one-carbon units, 
such as methyl, methylene, and formyl groups involved in 
various substrates and a variety of  enzymatic reactions that 
are intimately related to DNA and RNA synthesis and cell 
proliferation[4-6]. It was recently proposed that an imbalance 
between biological methylation and nucleotide synthesis 
is a key to clarifying the mechanisms responsible for the 
role of  folate in carcinogenesis[4-7]. In addition, lower folate 
intakes, compared with higher supplements, have been 
shown to be associated with a significantly higher risk of  
Ki-ras mutations (prominent in colorectal neoplasia) in 
adenomas[8] and carcinomas[9]. 

Homocysteine metabolism has been shown to be 
dependent on genetic factors as well as acquired factors[10]. 
Of  the gene defects, the most common is the C-to-T 
substitution at nucleotide 677 in the coding region of  
the gene for MTHFR, the so-called thermolabile variant. 
There are an elevated homocysteine concentration and a 
decreased plasma folate concentration in the homozygous 
mutant genotype of  C677TMTHFR gene. An adequate 
folate intake is thus required to decrease the elevated 
homocysteine concentration[11,12]. The C677TMTHFR 
polymorphism might modulate the risk of  developing 
neoplasia through its effects on folate metabolism. It 
regulates the production of  thymidylate and purines 
for DNA synthesis and supply of  methyl groups for 
the synthesis of  methionine and DNA methylation[4]. 
It has also been proposed that the protective effect of  
folate against the risk of  colon cancer is stronger among 
subjects with a positive family history of  colorectal cancer 
than among those without such a history[13]. This study 
was to investigate the pattern of  tHcy levels and the 
C677TMTHFR polymorphism in a group of  neoplastic 
patients with non metastatic colorectal cancer, who were 
eligible for curative surgery, by determining tHcy levels in 
neoplastic patients and then clarifying whether this was 
due to a genetic enzymatic defect or was a consequence of  
cancer cell proliferation if  the levels were increased.

MATERIALS AND METHODS
Subjects
Ninety-three consecutive colorectal carcinoma patients 
(51 men and 42 women, mean age 62 years, range 48-78 
years), admitted to our surgery department for elective and 
curative surgery, were enrolled in the study. The criteria 
for exclusion from the study were as follows: malnutrition, 
serum creatinine level > 13 mg/L, assumption of  vitamin 
supplements or other drugs which might interfere with 
plasma tHcy levels, pernicious anaemia, skin diseases, 
heavy smoking, and alcohol abuse. The subsite distribution 
of  the 93 colorectal cancers showed 19 in right colon, 6 
in transverse colon, 45 in left colon, and 23 in rectum. 
Diagnosis of  adenocarcinoma was confirmed in all patients 
by histology and cytologic investigations. TNM stages of  
resected tumors were as follows: stage 1 = 6 cases (28%), 
stage 2 = 25 cases (27%) and stage 3 = 42 cases (45%). 
Histopatological grading of  adenocarcinoma was: 2% 
well differentiated, 81% moderately differentiated, or 17% 
poorly differentiated (Table 1). The control group included 

100 healthy individuals (56 men and 44 women, mean 
age 64 years, range 46-79 years), enrolled with the same 
exclusion criteria as the cancer patients, selected from the 
hospital staff  and people attending our out-patient surgery 
(Table 1). The study was approved by the local ethical 
committee and informed consent was obtained from all 
participants.

Homocysteine determination
Blood samples were collected from the antecubital vein, 
after overnight fasting. They were drawn into vacuum 
tubes containing K3-EDTA, immediately put on ice and 
centrifuged at 2200 r/min for 20 min at 4℃. The super-
natant platelet-poor plasma was stored at -80℃ until assay. 
Total Hcy was quantified using the fluorescence polariza-
tion immunoassay (FPIA) on the IMx analyzer from Ab-
bott Laboratories (Abbott Park, IL, USA). The Imx Hcy 
assay is based on reduction of  the plasma samples with 
dithiothreitol and subsequent conversion of  free Hcy to 
S-adenosyl homocysteine by hydrolase in the presence of  
added adenosine. The sample and the tracer compete in 
binding to the monoclonal antibody. This reaction is fol-
lowed by detection of  S-adenosyl homocysteine by a fluo-
rescence polarization immunoassay. The concentration of  
tHcy in plasma is inversely related to the intensity of  the 
polarized light. The within-run CV for fasting tHcy was 
2.2%-1.5% and the between-run CV was 2.2%-3.0%[14].

Genotyping of C677T MTHFR mutation
Genomic DNA was isolated from peripheral blood 
l eukocytes. Screening for the MTHFR 677C→T 
substitution was performed by polymerase chain reaction 
(PCR) of  genomic DNA, followed by Hinf  I digestion 
and agarose gel electrophoresis. The region surrounding 
position 677 in the MTHFR gene was amplified by 
PCR technique, and the alleles were identified through 
restriction enzyme digestion as previously described[15]. 
PCR reactions of  15 µL contained 30 ng template genomic 
DNA and 1.5 U AmpliTaqGold DNA polymerase and 
the following concentrations of  reagents: 0.16 µmol/L 
of  each oligonucleotide primer, 1.6 mol/L of  each dNTP, 
15 mmol/L Tris-HCl (pH 8.0), 50 mmol/L KCl and 1.5 
mmol/L MgCl2. Verification of  amplification was achieved 
by comparing the 173-bp products with molecular weight 
standards in a gel made from a combination of  3% 
BibcoBRL ultrapure agarose and 1.5% NuSieve GTG 
agarose run for 1 h at 150 V and visualized with ethidium 
bromide. Reaction products (5 µL) were digested for 1 
h at 37℃ with 2.5 U of  Hinf I in buffer at pH 7.9 of  10 
mmol/L Tris-HCl, 10 mmol/L MgCl2, 50 mmol/L NaCl 
and 1 mmol/L dithiothreitol. Genotypes were determined 
by analysis of  restriction patterns after electrophoresis on 

Table 1  Characteristics of control subjects and cancer patients

Group Sex (M/F) Mean age ± SD (yr)
(range) TNM staging

Controls 100 (56/44) 64 ± 6 (46-79) //
Cancer patients   93 (51/42) 62 ± 8 (48-78) T1-3, N0-2, M0



agarose gels (as above) with T at position 677, resulting 
in fragments of  125 and 48 bp in length and with C at 
position 677, resulting in a single fragment of  173 bp. 
We referred to the C/C genotype as wild-type, the C/T 
genotype as the heterozygous variant and the TT genotype 
as the homozygous variant. 

Statistical analysis
Normally distributed continuous variables were analysed 
using the Student’s t test. To assess the normal distribution 
we applied the Kolmogorov-Smirnov test on each sample 
data. Non-normally distributed variables were analysed 
using the Mann-Whitney test. We used the χ2 test for 
group comparison frequencies. Continuous variables were 
compared by Student’s t test or the ANOVA when multiple 
statistical hypotheses were assumed. All P values were two-
sided. A significance level of  95% (P < 0.05) was assumed. 
Statistical analysis was performed by SPSS (v. 11.0).

RESULTS
In the control group there were 51 heterozygous and 19 
homozygous carriers of  the C677T MTHFR polymorphism 
(Table 2), with a prevalence of  51% of  the C/T genotype 
and 19% of  the T/T genotype that corresponded to a T 
allele frequency of  44.5%. Among the colorectal cancer 
group we found 40 heterozygous and 21 homozygous 
carriers of  the C677T MTHFR polymorphism, with a 
prevalence of  45.5% of  the C/T genotype and 23.8% 
of  the T/T genotype that corresponded to a T allele 
frequency of  46.5%. The prevalence of  both the 
genotypes (Table 2) like the frequency of  the T allele was 
not statistically different between the groups.

When patients were subdivided according to cancer 
stage (regional versus in situ/localized), the prevalence 
of  T/T genotype was 21.42% (9 cases) in stage 3 and 
23.5% (12 cases) in stage 1/2, while the prevalence of  
T/T genotype according to cancer location (colon versus 
rectum) was 21.42% (15 cases) in colon and 26.08% (6 
cases) in rectum. The prevalence of  T/T genotype was 
not statistically different when both stage and location 

were considered. The mean total Hcy level was statistically 
higher in cancer patients than in control subjects carrying 
the same C/C or C/T genotype (Table 2 and Figure 1, P 
< 0.04 and P < 0.01 respectively). In addition, when all 
the C/C and C/T carriers were considered together and 
the two study groups were compared, tHcy was still more 
significantly higher in the cancer group (12.17 ± 3.90 vs 9.45 
± 2.51, P < 0.002, Table 3, Figure 2). In contrast there 
was no difference in the mean total Hcy concentrations 
among the T/T genotype carriers of  the two study groups 
(P = 0.6). In both groups tHcy was significantly higher in 
the T/T genotype than in the C/C and C/T genotypes, 
although there was no difference between the C/T and 
C/C genotype carriers (Table 2, Figure 2). Total plasma 
Hcy was not associated with tumor stage (regional versus in 
situ/localized) or location (colon versus rectum): 12.53 ± 6.43 
μmol/L in colon, 13.82 ± 6.08 μmol/L in rectum, 12.62 ± 
5.21 μmol/L in stage 3 and 12.97 ± 7.15 μmol/L in stages 
1 and 2 .

DISCUSSION
In our group of  colorectal cancer patients the T allele 
frequency, like the prevalence of  the C/T and T/T 
genotypes of  the C677T MTHFR polymorphism, was 
similar to that in the control subjects, whereas the mean 
tHcy concentration was significantly increased in the 
cancer patients carrying the C/C or C/T genotype. This 
difference was even more evident when the C/C plus 

Table 2  tHcy plasma levels according to C677T MTHFR 
polymorphism [mean ± SD (μmol/L) (n)]

 Group (n)   CC genotype   CT genotype   TT genotype

Control subjects (100)   9.01 ± 2.76 (30)   9.71 ± 2.34 (51) 17.56 ± 10.81d,f (19) 
Cancer patients (93) 11.82 ± 3.09a (32) 12.45 ± 4.46b (40) 16.88 ± 9.25 d,f (21) 

aP < 0.05, bP < 0.01 vs control; dP < 0.01 TT vs CC; fP < 0.01 TT vs CT.

Table 3 tHcy plasma levels according to CC + CT genotype of 
C677T MTHFR polymorphism [mean ± SD (μmol/L) (n)]

Group (CC+CT) genotype 

Control subjects   9.45 ± 2.51 (81) 
Cancer patients 12.17 ± 3.90b (72) 

bP < 0.002 vs control.
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Figure 2  Mean tHcy plasma levels according to C677T MTHFR polymorphism, bP 
< 0.002 vs control;  NS: Not significant.

Figure 1  Mean tHcy plasma levels according to C677T MTHFR genotype, aP < 
0.04, bP < 0.01 vs control.
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C/T genotype carriers of  each group were compared. 
This finding is difficult to explain because the increase 
of  tHcy was not be simply due to the decreased MTHFR 
enzyme activity, but rather due to a more complex 
disorder of  folate metabolism, probably partly related 
to the methionine-dependency of  the proliferation rate 
of  colorectal tumor cells. It is well known that most 
malignant cells, including colon cancer cell lines in 
primary histoculture need methionine, but endogenous 
methionine conversion from homocysteine does not 
meet the increased metabolic demand of  these cells[16]. 
Insufficient methionine synthesis in cancer cells can 
result from a lack of  reduced folate as a cofactor in the 
homocysteine 5-methyl-tetrahydrofolate methyltransferase 
reaction. In fact the reduced folates may be drained into 
other pathways that are enhanced in proliferating cells, 
such as the synthesis of  purines and pyrimidines. As a 
consequence there is an increase of  homocysteine in 
dividing cells, resulting in a greater egress of  it from such 
cells. High tHcy levels may therefore be a phenotypic 
expression of  malignancy, as well as a marker for cancer 
cell activity. 

Serum concentration of  homocysteine increases 
with folate deficiency because the metabolic disposal 
of  homocysteine depends on a remethylation reaction 
in which N-5-methyltetrahydrofolate serves as a co-
substrate with homocysteine[17]. In practice, an elevation 
of  this amino acid has been found to be a more sensitive 
indicator of  cellular folate depletion than its blood folate 
concentations[18]. The importance of  homocysteine 
concentration as a biological marker is highlighted by Kim 
et al[19], who found that blood folate and homocysteine are 
correlated with colonic mucosal folate concentration. 

Since we did not measure plasma folic acid, vitamin 
B12 and B6 concentrations, if  the increase of  tHcy 
observed in our cancer patients is a consequence of  
nutritional deficiency or substrate consumption induced by 
active neoplastic proliferation remains unknown. Assuming 
that our cancer patients had the same nutritional habits 
as our control subjects, the hypothesis is that more active 
consumption of  substrates is more likely secondary to the 
metabolism of  one-carbon units related to DNA and RNA 
synthesis[5-8].

According to previous reports regarding the Italian 
population[20], we found a similar and increased prevalence 
of  T/T genotype carriers, in both our cancer and control 
groups (21% and 22.4% respectively). The total Hcy con-
centration in these subgroups was similar both in cancer 
patients and in control subjects, g suggesting that the T/T 
genotype has a stronger influence on tHcy concentration, 
thus overcoming the biochemical cancer effect. 

It has been reported that the T/T genotype of  the 
C677T MTHFR gene polymorphism is associated with a 
decreased risk of  colorectal cancer[21,22]. We can argue that 
in our subjects, both in the control and cancer groups, 
there is a depletion of  folate. In the folate deficiency, the 
high activity of  the enzyme or the C/C genotype may 
be disadvantageous because 5, 10-methylenetetrahydro-
folate is converted and the thymidylate pool is depleted. 
Increased risk for T/T genotype versus C/C genotype 
would be seen in the folate-depleted situation if  aberrant 

DNA methylation is a primary mechanism, but no such 
increase has been observed[23]. We have no data about se-
rum folate, but the increase of  total Hcy observed in our 
T/T genotype carriers may also be an index of  low folate 
status, a condition that confers no protection against can-
cer risk, as reported by Ulvik et al[24]. Moreover, because 
the number of  individuals carrying the T/T genotype in 
both our groups is low, it is possible to hypothesize that a 
modest influence of  cancer on tHcy exists, although it was 
not shown by our data. Of  note is that a previous study 
investigating a large cohort of  Caucasian colorectal cancer 
cases and matched controls, reported that C677T MTHFR 
polymorphism is associated with total Hcy[24]. It cannot be 
excluded that the difference found in our study may have 
been biased by the relatively small number of  patients 
and controls with different genotypes. The relatively high 
SD value for T/T genotype carriers supports this pos-
sibility. The T/T genotype of  the C677T MTHFR variant 
has less than one third of  the functional activity of  the 
normal MTHFR enzyme and is associated with reduced 
cellular folate and methionine levels, reduced cellular ratio 
of  S-adenosylmethionine to S-adenosylhomocysteine, as 
well as elevated homocysteine levels[25]. Based on Frosst’
s data, a normal C/C homozygote has 100% activity, a 
C/T homozygote approximately 65% activity, and a T/T 
homozygote approximately 30% activity[26]. Finally, it is 
important to emphasise that hyperhomocysteinaemia is a 
well-known and independent risk factor for thrombosis[27]. 
Moderately elevated levels of  tHcy are associated with an 
increased risk of  thrombosis, through mechanisms that are 
incompletely understood. In particular, there is evidence 
that hyperhomocysteinemia increases the risk of  venous 
thromboembolism approximately two to four-folds[28-30], 
contributing to the hypercoagulable state that characterises 
the malignant disease[31].

In summary, the results of  our study suggest that the 
modest but significant increase of  plasma tHcy observed 
in the C/C and C/T genotype carriers in our cancer group, 
may be related to the methionine-dependent proliferation 
rate of  colorectal cancer cells and moreover, may act as a 
permissive factor for thrombosis in the context of  cancer 
thrombophilia. The tHcy increase observed in T/T geno-
type carriers in both groups, on the other hand, is prob-
ably dependent on the enzymatic deficit associated with 
the homocysteine conversion to methionine and/or the 
depletion of  folate.
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