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

Colorectal cancer (CRC) is the fourth most 
common malignancy and the second leading cause of  
cancer deaths in Western countries. In the Netherlands, 
CRC is the second cause of  death from malignant 
disease in women and the third cause of  death in 
men.1 Sporadic CRC involves interaction between 
environmental and genetic risk factors.2 One of  the 
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possible genes involved in carcinogenesis in sporadic 
CRC is the gene encoding thymidylate synthase (TS). 

TS is a key enzyme in the folic acid metabolism 
and catalyses the conversion of  dUMP to dTMP. 
This conversion is essential to ensure the provision 
of  thymine, a nucleotide used for DNA synthesis and 
repair. TS is also a target for cytotoxic agents such as 
5-fl uorouracil, the most common chemotherapeutic 
agent used for the treatment of  CRC 3. The target for 
TS is 5,10-methylenetetrahydrofolate (5,10-MTHF), 
which is the central metabolite in the folic acid 
metabolism and is used for DNA synthesis, methylation 
and repair. These processes are most important for the 
maintenance of  the integrity of  the genome.4-6

Moreover, colon cells are subject to rapid 
turnover and thus are the site for high rates of  DNA 
synthesis. At the same time, DNA repair is affected 
by the nucleotide availability.4-6 Folate defi ciency or 
defi ciency in the activity of  folate-dependent enzyme 
may infl uence the risk for CRC.7,8 

Recently, two genetic variations named TSER 
2 (2rpt/2rpt) and TSER 3 (3rpt/3rpt) 28bp-tandem 
repeats in the TS promoter enhancer region and a 6bp 
deletion at position 1494 in the 3’UTR (TS del 6bp) 
were found.7-12 Patients with three tandem repeats 
(3rpt/3rpt) in the promoter region had higher TS 
levels, while patients with two tandem repeats had 3.6- 
fold decreased mRNA levels.13 Patients with TS del 
6bp had decreased mRNA levels in colorectal tumors, 
too.9,10 The 3’UTR region is believed to infl uence TS 
transcript stability.14  There are two mechanisms in the 
carcinogenesis of  CRC, supported by the hypothesis 
that high TS expression is associated with carcinogen- 
induced DNA lesions and a low folate status or 
defi ciency in activity of  folate-dependent enzyme 
could infl uence the risk for CRC.15-18 At the same time, 
high levels of  TS are associated with a poor response 
to 5-FU and poor survival.19 

Objectives: identifi cation of  a possible association 
between the two TS polymorphisms (TSER 3rpt/3rpt 
and TS del6bp) and sporadic colorectal cancer (CRC) 
in a Romanian population; to confi rm the hypothesis 
that genetic factors associated with high levels of  TS 
and low TS transcript stability modulate the risk of  
developing sporadic CRC in Romanian patients. 



Sample description
Blood samples were collected from 69 patients 

with sporadic CRC diagnosed after colonoscopy and 
clinical investigations at Surgical III Clinic Cluj over 
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the period of  two years (2004 and 2005). Patients 
were distributed by sex, age, and tumor location (right 
colon, left colon, transverse colon and rectal cancer). 
Their mean age was 63.31 years (median 63, range 43–
83, SD=8.97). Of  the 69 patients clinically diagnosed 
with sporadic CRC, 35 were males with the mean age 
64.65 years (median 64, range 43–83, SD=9.31) and 34 
were females with the mean age 61.94 years (median 
62, range 47–82, SD=10.42). 

Blood samples were collected from a control group of  
67 subjects without any signs of  malignancy. Their mean 
age was 59.86 years (median 61, range 26–78, SD=11.91), 
36 were females (mean age 60.25 years, median 60.5, 
range 43–73, SD=7.38) and 31 were males (mean age 
60.38 years, median 62, range 26–78, SD=13.96). 

All subjects were questioned about age, 
environmental risk factors for sporadic CRC (alcohol 
consumption, smoking status), any family history of  
cancer, and only persons without any such history 
were included (Table 1). All patients and subjects from 
the control group were Romanians. 

The Scientifi c Ethical Committee of  our University 
approved the present study, with participants giving 
their informed consent. 

Methods
Genomic DNA was extracted from peripheral blood 

leukocytes using the method of Lahiry as described 
elsewhere.20 The 5’end was amplifi ed by polymerase 
chain reaction (PCR) using the upstream primer 5’-
GTGGCTCCTGCGTTTCCCCC-3’ and the downstream 
primer 5’- GCTCCGAGCCGGCCACAGGCATGGCGCGG-
3’  on an Eppendorf  thermocycler PCR machine 
(Eppendorf, Hamburg, Germany).9 The TSER two 
or three 28bp tandem repeats were detected after 
PCR amplifi cation. The PCR reaction contained 
25ng genomic DNA, 2.0mM MgCl2, 200μM dNTPs, 
10% DMSO, 0.15μM primers and 2 units of  Taq 
DNA polymerase (SIGMA). Cycling conditions were 
denaturation for 10 minutes at 95ºC, followed by 35 
cycles of  denaturation for 30 seconds at 94ºC, primer 
annealing for 30 seconds at 59ºC and elongation of  
primer for 1 minute and 30 seconds at 72ºC. Finally, an 
elongation step for 2 minutes at 72ºC was performed. 
The TSER 2rpt/2rpt variant allele was identifi ed by 
the presence of  the 215bp fragment, while the TSER 
3rpt/3rpt variant allele was identifi ed by the presence 
of  the 243bp fragment (Figure 1). 

The deletion of  6bp in the 3’UTR region (TS del 6bp) 
was detected after PCR amplifi cation with the forward 
primer   5’- CAAATCTGAGGGAGCTGAGT- 3’ and   the 
reverse primer 5’- CAGATAAGTGGCAGTACAGA- 

3’.11 The PCR reaction contained 100ng genomic 
DNA, 2.0mM MgCl2, 200μM dNTPs, 0.2μM primers 
and 2 units of  Taq DNA polymerase (SIGMA). Cycling 
conditions were denaturation for 10 minutes at 95ºC, 
followed by 35 cycles of  denaturation for 30 seconds 
at 94ºC, primer annealing for 30 seconds at 62ºC and 
elongation of  primer for 2 minutes at 72ºC. Finally, an 
elongation step for 2 minutes at 72ºC was performed. 
The size of  the amplifi ed fragment was 158bp. After 
PCR amplifi cation, the 158bp fragment was digested 
with 5 units of  DraI (New England Biolabs) for 3 hours 
at 37ºC. The PCR fragment of  158bp was digested into 
152bp for the TS del/del genotype and into 70bp and 
88bp for the TS ins/ins genotype. (Fig. 2)  
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Statistics
Genotypic frequencies were compared with the chi 

square test. The relative risk to develop sporadic CRC 
was presented as odds ratio (OR) and 95% confi dence 
intervals (CI) were calculated. Statistical signifi cance 
was considered for a p < 0.05. The mean age of  patients 
and controls was expressed as mean ± SD.



The distribution of  2rpt/2rpt, 2rpt/3rpt, 3rpt/3rpt 
TSER genotypes in patients diagnosed with sporadic 
CRC versus control patients was: 24.63% vs. 19.4%, 
33.33% vs. 53.73% and 42.08% vs. 26.86%, respectively. 
The 3rpt TSER allele occurred with a frequency of  0.58 
in the group of  patients with sporadic CRC compared 
with 0.53 in the control group. (Table 2) 

For the second genetic variation, TS del 6bp, the 
distribution of  TS del/del, del/ins and ins/ins in 
patients with sporadic CRC versus control patients was: 
17.39% vs. 10.44%, 40.57 vs. 43.28% and 42.02% vs. 
46.26% respectively. The frequency of  the del6bp allele 
was 0.37 in the group of  patients with sporadic CRC, 
compared with 0.32 in control subjects. (Table 2)
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

Based on the results showing that TS 
polymorphisms are associated with the risk of  
colorectal adenomas, our study compared the patient 
group diagnosed with sporadic CRC with the control 
group for TS genotypes and alleles distribution.21

In our study we found that genotypic and allelic 
frequencies differed between patients with sporadic 

CRC and controls.
When we compared patients with controls, we 

found an increased frequency of  TSER 3rpt/3rpt 
carriers in patients compared with controls (42.08% 
vs. 26.86%). The TSER 2rpt/3rpt and 3rpt/3rpt 
genotypes were signifi cantly associated with risk of  
sporadic CRC (compared with TSER 2rpt/2rpt wild- 
type genotype OR = 1 (reference): TSER 2rpt/3rpt 
OR = 2.71 (CI:1.59- 4.59), p < 0.01; TSER 3rpt/3rpt 
OR = 1.87 (CI: 1.08-3.19), p = 0.02). (Table 3) The 
results were in accordance with those obtained by 
Chen (2003) and Ulrich (2002).3,21 These results could 
support the hypothesis that the presence of  three 
repeated sequences of  28bp is associated with high 
TS expression, associated with faster cell proliferation 
rates, less effective apoptosis, which can favor 
carcinogenesis.15,16
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On the other hand, the distribution of  TSER 2rpt/
2rpt, 2rpt/3rpt and 3rpt/3rpt in control patients (19.4%, 
53.73%, 26.86%) was close to that reported by Adleff  
(18%, 57%, 25%) and Marsh (18%, 54%, 28%).22,23 
Moreover, the TSER 2rpt/2rpt, 2rpt/3rpt, 3rpt/3rpt 
genotype frequencies in our patients diagnosed with 
sporadic CRC (24.63%, 33.33%, 42.08%) correspond 
to those of  Villafranca (2001) (20%, 38.5%, 41.5%) in 
Caucasian patients diagnosed with rectal cancer.24 

The TS del 6p polymorphism was signifi cantly 
associated with the risk of  sporadic CRC (compared 
with TS del/del genotype OR = 1 (reference): TS del/
ins genotype OR = 4.73 (CI: 2.59-8.63), p < 0.01; TS 
ins/ins genotype OR = 5.18 (CI: 2.83-9.43), p < 0.01). 
(Table 3)

In our study, we also attempted to analyze the effect 
of  the simultaneous presence of  both TS ins/ins and 
TSER 3rpt/3rpt genotypes on the risk of  developing 
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sporadic CRC. Patients with both TS del/ins and TSER 
2rpt/2rpt had a 1.27 higher (CI: 0.48-3.32) increased 
risk of  sporadic CRC (compared with TS del/del and 
TSER 2rpt/2rpt genotypes OR = 1 (reference). (Table 
4) The risk of  sporadic CRC increased to 1.53 (CI: 
0.59-3.93) in patients with both TS ins/ins and TSER 
2rpt/2rpt genotypes (compared with TS del/del and 
TSER 2rpt/2rpt genotype OR = 1 (reference). Patients 
with both TS ins/ins and TSER 2rpt/3rpt genotypes 
had a 2.44-fold (CI: 1.02-5.82) increased risk of  
sporadic CRC (compared with TS del/del and TSER 
2rpt/2rpt genotype OR = 1 (reference). The risk of  
sporadic CRC increased to 4.72 (CI: 2.08- 10.71) in 
patients with both TS ins/ins and TSER 3rpt/3rpt 
genotypes (compared with TS del/del and TSER 2rpt/

2rpt genotype OR = 1 (reference). Very interestingly, 
the presence of  TS del/del genotype represents a 
protection against sporadic CRC even in the presence 
of  TSER 2rpt/3rpt or TSER 3rpt/3rpt genotypes. 
Patients with combined TS del/del and TSER 2rpt/
3rpt genotypes had a relative risk of  0.87 (0.3-2.46) to 
develop sporadic CRC (compared with TS del/del and 
TSER 2rpt/2rpt genotypes OR = 1 (reference). The 
risk to develop sporadic CRC was 0.48 (CI: 0.14-1.64) 
in patients with both TS del/del and TSER 3rpt/3rpt 
genotypes (compared with TS del/del and TSER 
2rpt/2rpt genotypes OR = 1 (reference). (Table 4)

When the distribution of  these two genetic 
variations in patients with sporadic CRC was 
analyzed depending on age and by sex, we obtained 
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the following results: the frequency of  the TSER 
3rpt/3rpt genotype was higher in patients aged over 
65 years (21.73%) compared to 7.24% and 13.04% 
in patients aged less than 55 years and patients aged 
between 56-65 years, respectively. The TSER 3rpt/
3rpt genotype was more frequent in females with 
sporadic CRC (50%) compared to males with sporadic 
CRC (34.28%). The frequency of  the TSER 2rpt/3rpt 
genotype was also higher in patients over 65 years old 
(13.04%) compared to 8.69% and 11.6% in patients 
less than 55 years old and patients between 56-65 years 
old, respectively. The TSER 2rpt/3rpt genotype had 
a different sex distribution compared with the TSER 
3rpt/3rpt genotype. The TSER 2rpt/3rpt genotype was 
more frequent in males with sporadic CRC (45.71%) 
compared to females with sporadic CRC (20.58%).

For TS del 6bp genetic variation, we obtained 
the following results: the TS ins/ins genotype was 
more frequent in patients over 65 years old (20.28%) 
compared to 15.94% and 5.79% in patients aged 
between 56-65 years and in patients aged less than 
55 years, respectively. The TS del/ins genotype had 
the same frequency in patients aged between 56-65 
years and in patients over 65 years old, 14.49%. The 
frequency of  this genotype was 11.59% in patients 
aged less than 55 years. The TS ins/ins genotype did 
not signifi cantly differ in women with sporadic CRC 
compared with men (41.17% vs. 42.85%), while the TS 
del/ins genotype was more frequent in men (51.42%) 
than in women (29.41%). 



The most consistent interpretation of  our data 
appears to be that a repeat polymorphism in the 
TS promoter enhancer region (3rpt versus 2rpt of  
28bp) and the TSdel6bp polymorphism are involved 
in the development of  sporadic CRC in the studied 
Romanian population. In our study, the association 
between sporadic CRC and the genetic variations in 
the TS gene may refl ect a genetic similitude between 
the Romanian and Caucasian populations. On the 
other hand, Romanian patients with sporadic CRC 
had higher frequency of  combined TSER 3rpt/3rpt 
and TS ins/ins genotypes. It means that this genotype 
combination represents a higher risk of  developing 
sporadic CRC. 

It was demonstrated that folate modulates the 
effect of  TS genotypes in carcinogenesis, the TSER 
3rpt/3rpt decreased the risk for colorectal adenomas 
when associated with high folate intake, while the 
TSER 2rpt/2rpt had a lower risk when associated with 

low folate intake.21 The diet of  Romanian population 
is characterized by high protein and animal fat intake 
and low folate and fi ber intake, which could explain the 
risk of  sporadic CRC associated with the TSER 3rpt/
3rpt genotype. However, further studies are needed in 
order to confi rm this genetic predisposition.

The fi ndings of  this study do not exclude the 
possibility that other variations in another gene such 
as the gene encoding the methylenetetrahydrofolate 
reductase (MTHFR) and the gene encoding enzymes 
implicated in detoxifi cation may be involved in the 
etiology of  sporadic CRC. For instance, an association 
between the polymorphisms in N-acetyl-transferase 2 
(NAT2), glutathione S-transferase M1 (GSTM1) and 
sporadic CRC has been reported. 
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