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Introduction

Colorectal cancer (CRC) is one of the major causes of mor-
tality and morbidity, and is the third most common cancer in
men and the second most common cancer in women world-
wide (Sameer 2013). Over a 20 years period, the incidence
of CRC has been increasing rapidly in China. CRC develops
through a specific series of events, from the transformation
of normal colonic epithelium to an adenomatous intermedi-
ate, and then ultimately adenocarcinoma (Pino and Chung
2010). Colitis-associated cancer (CAC) is the CRC subtype
that is associated with inflammatory bowel disease (IBD)
(Rubin et al. 2012). The molecular mechanism of CRC is
still not fully understood. Increased expression of proinflam-
matory cytokines and inflammatory infiltration were found in
colorectal cancer (Lee et al. 2012; Moossavi and Bishehsari
2012).
IFN-γ is one of the main products of Th1-specific proin-

flammatory cytokines and has an effect on host defense
and immune regulation, such as antiviral, antimicrobal, and
antitumour activities. The functional SNP at position +874
(T/A) is located at the 5′-end of a CA repeat at the first
intron of the human IFN-γ gene. It has been reported that
the IFN-γ+874T/A single nucleotide polymorphism (SNPs)
correlates with IFN-γ expression (Pravica et al. 2000).
Interleukin-1 (IL-1) is involved in various physiolog-

ical and patho-physiological processes, such as inflam-
mation, tissue injury, cell proliferation and angiogene-
sis. The IL-1β SNP associates with increased in vitro
expression of IL-1β. A variable 86-bp sequence repeats is
located at the second intron of the IL-1 receptor antag-
onist (IL-1RN) gene. Rafiq et al. (2007) demonstrated
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that two IL-1RA SNPs were strongly associated with
different IL-1RA levels in vivo. Polymorphisms in IL-1RN
influence IL-1RA mRNA expression (Korthagen et al.
2012).
Some studies reported that cytokines polymorphisms af-

fected the risk of colorectal cancer development (Azimzadeh
et al. 2011; Walczak et al. 2011). The influence of genetic
polymorphism on diseases varied in different ethnic groups.
In the present study, we investigate the association between
IFN-γ, IL-1 and IL-1RN polymorphisms, and the risk of
colorectal caner in a Chinese population.

Patients and methods

Patients studied

Subjects were 162 patients with colorectal cancer (104 males
and 58 females; mean age was 54.3 ± 11.6 years) and 178
unrelated healthy individuals (115 males and 63 females;
mean age was 51.6 ± 11.2 years) from a Han ethnic popula-
tion, Zhejiang, China. The diagnosis of colorectal cancer was
confirmed by histopathology. The study was approved by the
Institutional Ethical Committee of Zhejiang Provincial Peo-
ple’s Hospital. After informed consent blood samples were
obtained from all patients.

Genomic DNA extraction

Genomic DNA was extracted from venous blood by the salt-
ing out procedure with minor modifications (Miller et al.
1988).

IFN-γ polymorphism typing

Amplification refractory mutation system-polymerase chain
reaction (ARMS-PCR) was carried out to amplify the
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IFN-γ gene using two different PCR reactions for each sam-
ple. Each reaction involved a generic antisense primer and
one of the two allele-specific sense primers for the detection
of allele T or A, plus an internal control forward primers.
The band length of the T or A gene was 116 bp and the inter-
nal control was 798 bp. The conditions for the PCR were
as follows: initial denaturation at 94◦C for 5 min, followed
by 33 amplification cycles, each consisting of denaturation
at 94◦C for 50 s, annealing at 60◦C for 50 s and extension
at 72◦C for 50 s, and final extension at 72◦C for 5 min.
The amplified products were separated by electrophoresis
on a 1.5% agarose gel stained with ethidium bromide
(figure 1).

IL-1RN polymorphism typing

The conditions for the PCR were as follows: initial denatura-
tion at 94◦C for 5 min, followed by 33 amplification cycles,
each consisting of denaturation at 94◦C for 60 s, anneal-
ing at 60◦C for 60 s and extension at 72◦C for 60 s, and a
final extension at 72◦C for 5 min. Then, 10 μL of the PCR
products were separated on 1.5% agarose gel and stained
on ethidium bromide.

IL-1β+3953 polymorphism typing

The conditions for the PCR were as follows: initial denatura-
tion at 94◦C for 5 min, followed by 33 amplification cycles,
each consisting of denaturation at 94◦C for 50 s, annealing at
55◦C for 50 s and extension at 72◦C for 50 s, and final exten-
sion at 72◦C for 5 min. Then, 10 μL of the PCR products
were digested with 3 U of TaqI restriction enzyme for 3 h
at 65◦C. The digested products were then separated on 3.0%
agarose gel and stained with ethidium bromide.

M 1 2 3 4

Figure 1. Electrophoresis pattern of IFN-γ+874 polymorphism
by tetraprimer ARMS. M, 100-bp DNA ladder marker; (1 and 2),
116 bp fragment (T or A gene) and 798 bp internal control fragment;
3, 4: 798 bp internal control fragment.

Cloning and sequencing

The PCR products of the IFN-γ+ 874 allele were puri-
fied and ligated with a PGEM-T vector. High efficiency JM
109 competent cells were used in the process of transforma-
tion. The required transformantswere obtained by blue/white
colour screening and standard ampicillin selection. Recom-
binant plasmid DNA was isolated and identified. Sequencing
was performed on an ABI 377 DNA sequencer.

Statistical analysis

Chi-square and Fisher’s exact tests were used to test for
a significant association between the two groups. Hardy–
Weinberg equilibrium (HWE) was tested using a chi-square
test. P value of < 0.05 was considered statistically significant.

Results

Association of IFN-γ+874 genotype and colorectal cancer

The allele and genotype distribution at the IFN-γ+874 locus
in colorectal cancer and healthy controls are provided in
table 1. When we used the IFN-γ+874 AA genotype as ref-
erence, we found that the IFN-γ+874 TA genotype was sig-
nificantly lower in patients with colorectal cancer than in
healthy controls (18.5% vs. 26.4, x2 = 4.33, P = 0.037,
OR = 0.571, 95% CI: 0.336–0.970). The frequency of the T
allele was significantly lower in patients with colorectal can-
cer (20.4% vs. 29.5%, x2 = 7.50, P = 0.006, OR = 0.612,
95% CI: 0.429–0.871). In a dominant model, the frequency
of the IFN-γ+874 TA+TT genotype was significantly lower
in patients with colorectal cancer than in healthy controls
(29.6% vs. 40.7%, x2 = 6.25, P = 0.012, OR = 0.565, 95%
CI: 0.361–0.886). However, IFN-γ+874 genotypes were not
related to age, gender, tumour location or Dukes grade in
patients with colorectal cancer (table 2).

Association of IL-1+3953 and IL-1RN polymorphisms
and colorectal cancer

There were three alleles and four kinds of genotypes (1/1,
1/2, 2/2 and 3/1) for the IL-1RN gene. There were two alle-
les and three kinds of genotypes (1/1, 1/2 and 2/2) at the
IL-1β+3954 locus (figure 1). The distribution of the IL-
1β+3953 and IL-1RN alleles and genotypes were similar
and no significant differences were found between patients
with colorectal cancer and healthy controls.

Sequence of the IFN-γ+874 allele

The 35→150 sequence in figure 2 was PCR amplified at the
IFN-γ+874 locus. The 35→58 sequence was the same as
the specific sense primers for the detection of allele T. The
131→150 sequence was completely complementarywith the
generic antisense primer.
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Table 1. Genotype frequencies of the IFN-γ+874 locus in colorectal cancer and healthy controls.

Case (%) (n = 162) Control (%) (n = 178) OR (95% CI) P

IFN-γ+874 genotype
AA 114 (70.4) 102 (57.3) 1 (reference)
TA 30 (18.5) 47 (26.4) 0.571 (0.336–0.970) 0.037
TT 18 (11.1) 29 (16.3) 0.555 (0.291–1.059) 0.072
Dominant model
AA 114 (70.4) 102 (57.3) 1 (reference)
TA+TT 48 (29.6) 76 (42.7) 0.565 (0.361–0.886) 0.012

Recessive model
AA+TA 144 (88.9) 149 (83.7) 1 (reference)
TT 18 (11.1) 29 (16.3) 0.642 (0.342–1.207) 0.167

Allele
A 258 (79.6) 251 (70.5) 1 (reference)
T 66 (20.4) 105 (29.5) 0.612 (0.429–0.871) 0.006

Table 2. Association between the IFN-γ+874 polymorphism and clinical features of colorectal cancer (n = 162).

Variables n AA (n = 114) TA (n = 30) TT (n = 18) x2 P

Age group
≤ 50 59 36 13 10 4.169 0.099
>50 103 78 17 8

Gender
Female 58 37 12 9 2.364 0.307
Male 104 77 18 9

Tumour location
Colon 86 65 15 6 3.642 0.162
Rectum 76 49 15 12

Dukes grade
A+B 102 76 18 8 3.431 0.18
C+D 60 38 12 10

Figure 2. The sequence of the IFN-γ+874 allele (35→150).
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Discussion

Cytokines play an important role in the regulation of inflam-
mation and the pathogenesis of cancer. It is widely recog-
nized that inflammation can contribute to tumour formation
and growth, and that the strongest association of chronic
inflammation with malignant diseases is in colon carcino-
genesis arising in IBD patients. Inflammation can exacerbate
APC-driven colon tumourigenesis. Genetic polymorphisms
are largely responsible for individual differences in cytokine
expression and lead to differences in immune response and
susceptibility to colorectal cancer.
IFN-γ can inhibit angiogenesis and exert direct anti-

proliferative and antimetabolic effects on a wide variety of
tumour cells. IFN-γ showed the highest production at the
10th cycle between chronic colonic inflammation and its
progression to adenocarcinoma. It showed an early induc-
tion of proinflammatory factors, which may have contributed
to the development of colon cancer (Sánchez-Fidalgo et al.
2011). A number of molecular epidemiological studies have
been conducted to evaluate the association between the IFN-
γ+ 874 A/T polymorphism and tumour risk in diverse popu-
lations. The IFN-γ AA genotype was found to be associated
with the susceptibility to chronic lymphocytic leukaemia
(Urbanowicz et al. 2010). The IFN-γ AA genotype which is
a low producer of IFN-γ, was associated with an increased
risk of cervical cancer in a north-Indian population (Gangwar
et al. 2009). This study suggests that the IFN-γ+874 T/A
polymorphism is responsible for the genetic differences in
IFN-γ production and may influence the human papillo-
mavirus (HPV) clearance and cervical malignant progres-
sion in a population of Brazilian women (von Linsingen et
al. 2009). The frequency of the IFN-γ+874 T/T genotype
was significantly higher in breast cancer patients compared
to those of controls, which indicates that Iranian women
carrying the IFN-γ+874 T/T genotype may be exposed to
an increased risk of breast cancer development (Kamali-
Sarvestani et al. 2005).
Two studies reported the negative association of the IFN-γ

polymorphism and colorectal cancer. Talseth et al. (2007)
demonstrated no significant difference between hereditary
nonpolyposis colorectal cancer patients and unaffected mis-
match repair gene mutation carriers for IFN-γ SNPs in Aus-
tralia and Poland populations. Lee et al. (2010) showed no
significant associations between the IFN-γ (5644) polymor-
phism and the risk of colorectal cancer in a Korean popu-
lation. In the study, the frequencies of the IFN-γ+874 TA
genotype and T allele were significantly higher in patients
with colorectal cancer than in healthy individuals. This sug-
gests that the IFN-γ+874 TA genotype and T allele may
be associated with resistance to colorectal cancer. How-
ever, IFN-γ+874 genotypes were not related to age, gender,
tumour location or Dukes grade in patients with colorectal
cancer. The association between the IFN-γ genetic polymor-
phism and colorectal cancer could be interpreted by IFN-γ
polymorphism influencing IFN-γ secretion.

In recent years, the roles of the IL-1β and its counterpart
IL-1RA have been studied in cancer. IL-1 polymorphisms
have been investigated in a variety of malignancies. There
were a few studies on the association between IL-1 polymor-
phisms and colorectal cancer, and the results remained con-
tradictory. For colorectal carcinoma, IL-1β-511 heterozy-
gotes had a significantly lower risk of carcinoma which sug-
gests that the IL-1β-511C/T and T carrier state may indi-
cate less risk for gastric and colorectal carcinoma in the
Japanese population (Ito et al. 2007). Polymorphisms in IL-
1β, IL-1RN, and VEGFA as well as the IL-1β/IL-1RN hap-
lotype analysis may serve as molecular markers for tumour
recurrence in stage II colon cancer (Lurje et al. 2009). The
IL-1RA genotype status was significantly associated with
Karnofsky performance status (KPS) in metastatic colorec-
tal cancer (Graziano et al. 2009). However, Lee et al. (2010)
reported no significant associations between IL-1β (+3962,
–511) polymorphisms and the risk of colorectal cancer in a
Korean population (Lee et al. 2010). In this study, no asso-
ciation was found between IL-1β (+3954) and IL-1RN poly-
morphisms and colorectal cancer in a Chinese population.
The discrepancy may be caused by a genetic trait difference
among different ethnic groups.
In conclusion, our results suggest that the IFN-γ+874

TA genotype and T allele may be associated with resis-
tance to colorectal cancer. However, IFN-γ+874 genotypes
were not related to age, gender, tumour location or Dukes
grade in patients with colorectal cancer. In addition, IL-1β
(+3954) and IL-1RN polymorphisms did not play a role in
the pathogenesis of colorectal cancer.
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