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ABSTRACT 

Programmed cell death called apoptosis, plays an important role in the development and maintenance of tissue homeo-
stasis and abnormalities in apoptotic function have been known as important events in the pathogenesis of many cancer 
types, such as colorectal cancer. It has been shown that both the membrane-bound TRAIL and sTRAIL can induce 
apoptosis in several tumor types by activating death receptors. Our study was to investigate the existence of TRAIL 
1595 C/T SNP in colorectal cancer patients and possible effects of this substitution on serum levels of sTRAIL. In the 
present study, TRAIL 1595 C/T polymorphism was genotyped in 76 patients with colorectal cancer and 98 healthy sub-
jects using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis. There were no 
significant differences in the distribution of TRAIL 1595 C/T genotypes and frequencies of the alleles between colorec-
tal cancer patients and controls. The increased frequency of TRAIL 1595 homozygotes genotypes in patients who had 
advanced tumour stage was statistically significant (p = 0.0082). Serum sTRAIL levels in the colorectal patients with 
CT genotype were lower than those of patients with early tumor stage (p = 0.028). The decreased sTRAIL levels were 
observed in the patients with distant metastasis and CT genotype (p = 0.023).Our findings have suggested that TRAIL 
1595 C/T genotypes and sTRAIL levels might be associated with the progression of colorectal cancer in Turkish popu-
lation. 
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1. Introduction 

Colorectal cancer is one of the common cancers affecting 
thousands of people every year Worldwide. 103, 170 
new cases are estimated by the end of the 2012 in United 
States and 51,690 of those will be dead [1]. Although age, 
nutrition habits, obesity and sedentary life style are im-
portant risk factors of the colorectal cancer; family his-
tory of genetic alterations are important as well. In addi-
tion to inherited mutations, single nucleotide polymor-
phisms (SNPs) of various genes are defined to be related 
with colorectal cancer risk and disease progression as 
well as the treatment response [2]. 

Polymorphisms of certain genes which are required for 
cell cycle regulation and apoptosis are primarily impor-
tant in cancer progression. TNF-related apoptosis ligand 
(TRAIL) is a member of tumor necrosis factor (TNF) 
family and capable of inhibit or induce apoptosis de-

pending on the receptor type that is bounded. Ability of 
TRAIL in inducing apoptosis in cancer cells, without 
disturbing normal cells, is the reason why this ligand is 
taking attention for cancer therapy. This ligand can po-
tentially bind to five different receptors. The soluble re-
ceptor is called as osteoprotegerin and the other four re-
ceptors are classified in two groups due to their effects 
on apoptosis. Agonist receptors are death receptor 4 and 
5 (DR4, DR5) and antagonist receptors are decoy recep-
tor 1 and 2 (DcR1, DcR2). Both of these receptor groups 
are expressed in normal cells while cancer cells only ex-
press agonist receptors DR4 and DR5 which makes it a 
promising cancer therapy agent [3,4]. Apart from being a 
candidate for cancer therapy, TRAIL is a key component 
of cellular signal mechanism. It has been shown that, T 
cells mediated apoptosis in tumor cells occur via TRAIL. 
Activation of several signal pathways such as NFkB, 
PI3K and MAPK, are triggered by TRAIL in specific cell 
lines [5-7]. *Corresponding author. 
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TRAIL gene was mapped in 3q26 with 5 exons and 20 
kb length [8]. Isolation and characterization of the 5’- 
upstream region of the gene was carried out and 4 SNPs 
was reported in this region, using human colorectal can-
cer cell lines [9] and four SNPs were reported in 3’UTR 
of TRAIL gene [10,11]. One SNP in the 3’UTR [12] and 
four SNPs in the polymorphic region [13] reported in 
multiple sclerosis. Moreover, SNPs of TRAIL have been 
reported in fatty liver disease [14], breast cancer [15], 
sporadic breast tumor [5] and prostate cancer [16]. 

Increased soluble TRAIL (sTRAIL) concentrations are 
shown to be related with specific clinical conditions. In 
multiple sclerosis (MS) patients sTRAIL levels were 
suggested as potential response marker for interferon- 
beta treatment [17]. Higher sTRAIL concentrations were 
detected in hepatisis B virus (HBV) infection [18]. It is 
not surprising that gene polymorphisms may affect gene 
expression thus, serum levels of gene product. Such a 
relation was reported in a Chinese patient group with 
fatty liver disease. A correlation between sTRAIL con- 
centrations, 1595 C/T polymorphism and Fatty liver dis-
ease susceptibility was shown [14]. 

A report on TRAIL polymorphisms and sTRAIL lev-
els are lacking in colorectal cancer patients. In this study, 
we aimed to investigate the existence of TRAIL 1595 
C/T SNP in colorectal cancer patients and possible ef-
fects of this substitution on serum levels of sTRAIL. 

2. Material and Methods 

2.1. Participants 

76 colon cancer patients with mean age 60.3 (age range 
between 25 - 87) and 98 healthy controls with mean age 
54.8 (age range between 24 - 85) were included in the 
study. All participants provided written consent prior to 
study. The patients were selected from Istanbul Research 
and Education Hospital, Surgery Clinic. Questionnaires, 
medical records, and pathological reports were received 
to confirm the diagnosis and cancer status. The patients 
received a standard questionnaire regarding the diagnosis 
time, family history, treatments and other medical issues. 
The blood samples were collected before any chemo- 
therepeutic or radiation therapy treatment had been started. 
Pathological staging information on all colorectal cancer 
diagnoses were confirmed by manual review of the pa-
thology reports and clinical charts. Nodal status was 
categorized as no regional lymph nodes affected (N0) or 
at least one nodal metastasis. The control subjects were 
selected among the volunteers of the proper age group 
who do not use any regular medications by the time of 
study. The control group was selected from patients at-
tending the general surgery and who were treated for 
non-neoplastic diseases such as inguinal hernia, trauma 
or pilonidal sinus. 

2.2. DNA Isolation 

Blood samples were collected in tubes containing EDTA. 
Genomic DNA was isolated using standard salting our 
procedure [19]. 

2.3. SNP Detection 

TRAIL 1595 C/T polymorphism detection was carried 
out by restriction fragment length polymorphism (RFLP) 
method. Polymerase chain reaction (PCR) method was 
used for amplification of the TRAIL gene using forward 
primer 5’-TGA GCA CTA CAG CAA ACA TGA-3’ and 
reverse primer 5’-GCA CCA CTA AAA GAT CGC 
AGT-3’. A PCR reaction mix, which contains 150 ng 
DNA tamplate, 15 mM MgCl2, 50 mM KCl, 10 mM 
Tris-HCl and 200 µM each of deoxynucleotides and Taq 
DNA polymerase (MBI Fermantas, Vilnius, Lithuania) 
was used. The PCR reactions were thermally cycled with 
an initial danuration step at 95˚C for 5 min, followed by 
30 cycles of 94˚C for 45 s, 56˚C for 45 s and 72˚C for 45 
s, and then a final extension step at 72˚C for 5 min. The 
391-base pair PCR product was digested by RsaI (MBI 
Fermantas) at 37˚C for 2.5 hours. After enzyme digestion 
the homozygous individuals for C allele (CC genotype) 
were identified by the presence of 59 and 332 bp. The 
homozygous individuals for the T allele (TT genotype) 
were identified by the presence of 59, 146, 186 bp frag-
ments. Digestion products were visualized under ultravio-
let light after agarose gel electrophoresis. 

2.4. TRAIL Assay 

Fresh-blood samples were immediately centrifuged at 
3000 rpm for 5 min to separate serum and samples were 
kept frozen at –20˚C until the study. Serum TRAIL lev- 
els were determined with commercially available sand- 
wich ELISA kit (Platinium ELISA, Bender MedSystems 
GmbH, Vienna). 

2.5. Statistical Analysis 

Statistical analyses were performed using the SPSS ver- 
sion 11.0 for Windows (SPSS Inc. Chicago, IL, USA). 
Differences in the frequencies of the TRAIL 1595 C/T 
polymorphism between CRC patients and the control 
group and between clinical data within the CRC sub- 
group were analyzed using the Chi-square test. The 
Hardy-Weinberg equilibrium was tested for all poly- 
morphisms. Differences in sTRAIL sera levels between 
patients and control subjects were examined using the 
Mann-Whitney U test.  

3. Results 

Table 1 shows the demographic characteristics of our  
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Table 1. Characteristics of patients with colorectal cancer. 

 N % 

No. of patients 76  

Sex 
Male 

Female 

 
43 
33 

 
56.6 
43.4 

Smoking status   

Current smokers 6 7.9 

Never or former smokers 70 92.1 

Family history of any kind of cancer   

Yes 2 2.6 

No 74 97.4 

Tumor localization   

Left colon 10 15.4 

Right colon 9 13.8 

Transverse colon 2 3.1 

sigmoid 15 23.1 

chekum 22 33.8 

rectum 7 10.8 

T stage   

T1 5 7.5 

T2 12 17.9 

T3 41 61.2 

T4 9 13.4 

Lymph node status   

N0 36 53.7 

N1 14 20.9 

N2 11 16.4 

N3 6 9 

The presence of distant metastasis 11 16.4 

The presence of perineural invasion 21 31.3 

The presence of angiolymphatic invasion 26 38.8 

The pathological data of nine patients are absent. 

 
colorectal cancer patients. Genotypes and allele frequen-
cies for TRAIL 1595 C/T polymorphism in colorectal 
cancer patients and controls are listed in Table 2. Geno-
type distributions for TRAIL 1595 C/T polymorphism in 
both groups were in agreement with Hardy-Weinberg 
equilibrium (for patients χ2 = 0.064, p = 0.79; for controls 
χ2 = 0.036, p = 0.848). TRAIL 1595 C/T genotype and 
allele frequencies between colorectal cancer patients and 
controls were statistically significant (p = 0.536, p = 
0.280, respectively). Distributions of TRAIL 1595 C/T 
genotypes according to clinical parameters and tumor 
characteristics of colorectal cancer patients are summa-
rized in Table 3. Patients with the advanced tumor stage 
(T3/T4) colorectal cancer showed a higher prevalence of 
CC genotypes and homozygotes (CC + TT) (72%, 76%) 
when compared to the patients with T1/T2 stage (41.2%, 
41.2%). (p = 0.039; OR: 1.749; 95% CI: 0.966 - 3.167; p 
= 0.008; OR: 1.846; 95% CI: 1.024 - 3.327), respectively.  

Table 2. Genotypes and allele frequencies for TRAIL 1595 
C/T. 

Genotype Patients n = 76 % Controls n = 98 % 

CC 47 61.8 54 55.1

CT 26 34.2 37 37.8

TT 3 4 7 7.1 

p = 0.536     

C 120 78.9 145 74 

T 32 21.1 51 26 

p = 0.280     

p-Value was obtained by chi square test. 

 
Table 3. Distribution of TRAIL 1595 C/T genotypes with 
clinicopathological features in colorectal cancer patients. 

Clinicopathological features CC (%) GG (%) GA (%)

Sex    

Female 22 (66.7) 9 (27.3) 2(6.1) 

Male 25 (58.1) 17 (39.5) 1 (2.3) 

T stage    

T3 + T4 36 (72) 12 (24) 2 (4) 

T1 + T2 7 (41.2) 10 (58.8) 0 (0) 

Lymph node status    

N(+) 20 (64.5) 10 (32.3) 1 (3.2) 

N(–) 23 (63.9) 12 (33.3) 1 (2.8) 

Distant metastasis (+)    

Yes 8 (72.7) 3 (27.3) 0 (0) 

No 35 (62.5) 19 (33.9) 2 (3.6) 

Perineural invasion    

+ 12 (42.9) 14 (50.0) 2 (7.1) 

– 18 (37.5) 25 (52.1) 5 (10.4) 

Angiolymphatic invasion    

+ 17 (65.4) 8 (30.8) 1 (3.8) 

– 24 (66.7) 12 (33.3) 0 (0) 

 
Among colorectal cancer patients, there were no signifi-
cant association between the TRAIL 1595 genotypes and 
other clinical and tumor parameters including age at di-
agnosis, family history, smoking, lymph node metastasis, 
distant metastasis, periganglionar invasion, angiolym-
phatic invasion and also tumor differentiation (Data are 
not shown). Among colorectal cancer patients, there were 
no significant association for sTRAIL levels between the 
patients and healthy controls. In our colorectal patients 
who have distant metastasis, angiolymphatic invasion, 
advanced tumor stage, TRAIL 1595 CT heterozygote 
genotype was significantly associated with decreased 
sTRAIL levels. There were no significant difference for 
sTRAIL levels between patients with advanced tumor 
stage (817.32 ± 187.3 pg/ml) and early tumor stage 
(1002.7 ± 209.4 pg/ml) (p = 0.119). However, serum 
sTRAIL levels in colorectal patients with CT genotype 
(276 ± 116.5 pg/ml) were lower than those of patients 
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with early tumor stage (T1 + T2) (756.4 ± 174.3) (p = 
0.028). There was also an association for the presence of 
distant metastasis in sTRAIL levels. According to this 
data, sTRAIL levels in the patients with distant metasta-
sis and with CT genotype were lower (18.1 ± 4.4 pg/ml) 
than those with the absence distant metastasis (594 ± 
123.5) (p = 0.023). Serum sTRAIL levels in colorectal 
patients with CT genotype and who have angiolymphatic 
invasion (202.9 ± 112.5 pg/ml) were lower than those of 
the absence of this kind of invasion (704.7 ± 186.2) (p = 
0.036) (Table 4). 

4. Discussion 

TRAIL is known to selectively induce apoptosis in can-
cer cell lines and responsible in the apoptotic mechanism 
of the cell. Soluble form of this death ligand is also 
known to be biologically active and involved in the path- 
ophysiology of different disease states such as cancer, 
viral infections, autoimmune diseases and inflammation 
[17,18,20-24]. 

Polymorphisms of TRAIL gene was related with a va-
riety of diseases so far. It was shown that CC genotype of 
–716 C/T promotor polymorphism rendered risk for spo-
radic breast cancer in compression to CT and TT geno-
type [5]. Another study on the –716 polymorphism re-
ported no significant correlation between genotypes and 
disease risk in the prostate cancer with a Chinese patient 
group [16]. 

TRAIL 1595 C/T polymorphism was related with fatty 
liver disease (FLD) and a less severe form of steatosis 
non-alcoholic fatty liver disease (NAFLD) patients in 
Chinese population. Individuals with TT genotype were 
shown to have a lower risk for FLD and sTRAIL con-
centrations in NAFLD were significantly higher than 
those of controls. Thus, TRAIL 1595 polymorphism was 
suggested as a good marker for NAFLD patients [14]. 
This polymorphism was also associated with MS suscep-
tibility in Japanese patients and allele frequencies were 
represented as 0.592 and 0.408 for C and T allele respec-
tively, in the control group [12]. 

Frequencies of C allele in TRAIL 1595 were deter- 

mined as 0.592 in Japanese population and 0.712 in 
Caucasians [10]. Distribution of different genotypes of 
the TRAIL 1595 among the control group correlated with 
the Gray’s findings on Caucasian population. Together 
with increased number of control subjects, our current 
results also verify our previous findings on group of 
Turkish healthy subjects [15]. Our previous study was 
the first report on TRAIL 1595 polymorphism and its 
relation to breast cancer. In current study we represent 
the first data on relation between TRAIL 1595 polymor-
phism, sTRAIL levels and colorectal cancer in a Turkish 
patient group. We found no significant difference in 
TRAIL 1595 genotypes with control and patient group. 
However a significant difference among the patient groups 
for those having advanced stage tumor was detected. 
Distribution of the CC genotype among the patients hav-
ing T3-T4 advanced tumor stage was 1.75 fold higher 
than the other genotypes. Moreover, homozygosity among 
the advanced tumor stage patients was significantly 
higher than the CT genotype with 1.85 fold. We found no 
significant difference between genotypes for other prog-
nostic parameters such as tumor node metastasis, dis-
tance metastasis, angiolymphatic or perineural invasion. 

It has been shown that both membrane bounded and 
sTRAIL can induce apoptosis in a variety of tumor types 
and sTRAIL is used as a positive marker for apoptosis 
[25-28]. It was reported that sTRAIL could induce apop-
tosis of the tumor cells at pmol concentrations without 
harming the normal tissue cells [29]. sTRAIL levels have 
been associated with several pathological conditions. 
Low levels of sTRAIL were detected in MS patients [17]. 
Patients with cirrhosis and liver cancer were shown to 
have higher sTRAIL levels than healthy controls or 
hepatisis B virus carriers. This upregulation was posi-
tively correlated with the liver damage [18]. Another 
study showed that sTRAIL concentrations were signifi-
cantly higher in NAFLD patients [14]. A recent study 
reported that plasma s TRAIL levels were significantly 
higher in the ulcerative colitis patients [30]. Decreased 
sTRAIL levels were reported in non-drug using type 2 
diabetic patients [31]. High sTRAIL concentrations were 

 
Table 4. The sTRAIL levels, TRAIL 1595 C/T genotypes of our study groups and some tumour charecterictics of colorectal 
cancer patients. 

 
Patients with 

advanced tumor stage 
Patients with early 

tumor stage 
The presence of distant 

metastasis 
The absence of distant 

metastasis 
Controls 

CC CT TT CC CT TT CC CT TT CC CT TT CC CT TT 
TRAIL 1595 C/T  

genotypes/sTRAIL levels 
(pg/ml) 945 ± 

241 
276 ± 
116.6a 

2520 
1372 ± 
434.1 

756 ± 
174.4

-
847.7 ±
343.3

18.1 ± 
4.4b

12.9 ± 
6.5 

1053.8 
± 248.1

594.6 ± 
123.6 

2520 
687 ± 
83.8 

597.2 ±
91.6

361.5 ±
167.9

Values are represented as X ± SE (Srandard Deviation). *the comparisons TRAIL levels between study groups by using Mann-Whitney U test. ap = 0.032; 
compare between the patients with advanced tumor stage and early tumor stage; bp = 0.023; compare between the patients who have distant metastasis tumor 
stage and without. 
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related with a better prognosis in hearth failture patients 
[32]. A higher baseline serum sTRAIL levels was associ-
ated with a better survival of peritoneal dialysis patients 
[33]. 

Apart from being a prognostic parameter sTRAIL lev-
els can be used to determine the efficiency of the therapy. 
Recently, Kargi et al. reported that increased sTRAIL 
levels after treatment were correlated with survival in 
colorectal cancer patients [34,35]. 

Taken together, these studies indicate that altered 
sTRAIL levels are observed either before or after the 
therapy in specific diseases. Our current study represents 
the differences between sTRAIL levels in patients having 
different stage tumors. Although differences in sTRAIL 
levels are variable according to disease; a higher sTRAIL 
level for survival, better prognosis or treatment effi-
ciency is mostly common. In our study, we detected 
lower sTRAIL levels in the patients having advanced 
stage tumor and bad prognosis. The lowest sTRAIL lev-
els were observed in the patients having CT genotype, 
distant metastasis, advanced tumor stage and angiolym-
phatic invasion together with statistical significance. 
Taken together, it is reasonable to suggest that CT geno-
type with low sTRAILl levels are related with disregula-
tion of apoptosis in advanced stage colorectal cancer. 

The mechanism underlying the effect of the 1595 C/T 
polymorphism on the sTRAIL levels is not clear yet 
however, we found a significant difference between CT 
genotype, bad prognosis and sTRAIL levels. Even a 
more detailed study is needed to clarify this relation; our 
study represents a different perspective on the effect of 
TRAIL 1595 C/T variant and sTRAIL levels on colon 
cancer progression. 
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