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ABSTRACT. We investigated the association between 3 main 
proinflammatory cytokines [interleukin (IL)-1b and IL-6] and the 
risk of acute pancreatitis. Polymerase chain reaction-restriction 
fragment length polymorphism was used to genotype IL-1β +3954 
C/T (rs1143634) and IL-1β -511 C/T (rs16944) and IL-6 -174 G/C 
(rs1800795) and IL-6 -634 C/G (rs1800796). The genotype distributions 
of IL-1β +3954 C/T (rs1143634) and IL-1β -511 C/T (rs16944) and IL-6 
-174 G/C (rs1800795) and IL-6 -634 C/G (rs1800796) were in Hardy-
Weinberg equilibrium for the control group. Multivariate regression 
analyses showed that subjects carrying the rs1143634 TT genotype had 
a significantly increased risk of acute pancreatitis, with an adjusted odds 
ratio (95% confidence interval) of 2.11 (1.03-4.51). Subjects carrying 
the IL-1β rs1143634 TT genotype had a significantly increased risk of 
acute pancreatitis in our Chinese population.
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INTRODUCTION

Acute pancreatitis (AP) is a common and potentially lethal acute inflammatory process 
with a highly variable clinical course. AP accounts for more than 220,000 hospital admissions in 
the United States each year (Andersson et al., 2004). AP progresses to a severe form in approxi-
mately 10-20% of patients, resulting in systemic inflammatory response, multiple organ failure, 
and prolonged hospitalization with significant morbidity and mortality (Eland et al., 2000). It has 
been estimated that more than 20% of AP patients develop severe disease, inducing a systemic 
inflammatory response and multiple organ dysfunction and failure (Frossard et al., 2008). Two 
factors that cause AP are alcohol and gallstones, which play different roles and have different 
pathogenic mechanisms leading to pancreatic acinar cell damage. Alcohol abuse is the most 
common cause of AP in men, whereas gallstone migration into the bile duct is the main cause of 
AP in women (Dufour and Adamson, 2003; Schneider and Singer, 2005; Venneman et al., 2005). 

Cytokines play a pivotal role in the development of AP by driving the inflammatory re-
sponse, which causes tissue damage and organ dysfunction or even failure in severe cases. There-
fore, an inflammatory response in AP can cause the release of reactive oxygen species, which 
may induce autodigestion of acinar cells (Apte et al., 2005). This can result in pancreatic necrosis 
and trigger the recruitment and activation of inflammatory cells (Weber and Adler, 2001; Apte 
et al., 2005). A previous study reported that interleukin (IL)-1b, IL-6, and tumor necrosis factor-
alfa levels were increased in the serum of animals with acute pancreatitis (Grewal et al., 1994). 
However, whether polymorphisms of inflammatory cytokines are associated with risk of AP is 
unknown. Few studies have investigated the association between interleukin gene polymorphism 
and AP (Chen et al., 2009; Yin et al., 2013). Therefore, we investigated the association between 
polymorphisms of 2 main proinflammatory cytokines (IL-1b and IL-6) and the risk of AP.

MATERIAL AND METHODS

Patients

The diagnosis and evaluation of the severity of AP were made based on the following 
criteria: 1) abdominal pain characteristic of AP, 2) serum amylase and/or lipase C 3 times the 
upper limit of normal, and 3) characteristic findings of AP on computed tomography scan. A 
total of 272 AP patients were recruited. Informed consent was obtained from patients or their 
relatives before enrolling in this study. A total of 272 age-matched control subjects (± 5 years 
of age) were recruited from among individuals who came to our hospital for a routine health 
check-up. For each case and control, 5 mL blood was collected for DNA sequencing.

Patients were assessed when they enrolled into study. Organ failure was defined when 
patients showed shock, pulmonary insufficiency, or renal failure. 

Genotyping analysis

From all study participants, 5 mL venous blood was collected in 
ethylenediaminetetraacetic acid-coated tubes and stored at -20°C until use. Genomic 
DNA was extracted using the TIANamp blood DNA kit (Tiangen Biotech, Beijing, China) 
according to manufacturer instructions. Polymerase chain reaction-restriction fragment length 
polymorphism was used to genotype IL-1β +3954 C/T (rs1143634) and IL-1β -511 C/T 
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(rs16944) and IL-6 -174 G/C (rs1800795) and IL-6 -634 C/G (rs1800796). Primers and probes 
for IL-1β +3954 C/T (rs1143634) and IL-1β -511 C/T (rs16944) in IL-1β and IL-6 -174 G/C 
(rs1800795) and IL-6 -634 C/G (rs1800796) in IL-6 were designed using the Sequenom Assay 
Design 3.1 software (San Diego, CA, USA). The polymerase chain reaction was performed in 
a 30-mL reaction solution containing 25 mM MgCl2, 2 mM 4X dNTPs, 20 mM primers, and 5 
U/mL Taq DNA polymerase. The amplification reaction started at 94°C for 5 min, denaturation 
at 94°C for 45 s, annealing at 62°C for 60 s, and extension at 72°C for 60 s, with final extension 
at 72°C for 10 min. Reproducibility was verified by repeat analysis of a randomly chosen 
subgroup of 10% of the subjects.

Statistical analysis

All statistical analyses were performed using the SPSS 16.0 (SPSS, Inc., Chicago, 
IL, USA) software. Continuous and categorical variables were expressed as means ± standard 
deviation and N (%) of study participants, respectively. Comparisons between patients and 
control subjects were made using the Student t-test and c2-test. c2-test was used to determine 
whether the genotype distribution of the 3 single-nucleotide polymorphisms (SNPs) were in 
Hardy-Weinberg equilibrium among controls. The association between polymorphisms in IL-
1β and IL-6 and the risk of AP were assessed using an unconditional multiple logistical regres-
sion model with estimated odds ratios (ORs) and 95% confidence intervals (CIs). All statistical 
tests were 2-sided, and a P value less than 0.05 was considered to be statistically significant.

RESULTS

The genotype distributions of IL-1β +3954 C/T (rs1143634) and IL-1β -511 C/T 
(rs16944) and IL-6 -174 G/C (rs1800795) and IL-6 -634 C/G (rs1800796) were within Hardy-
Weinberg equilibrium for the control group, with P values of 0.11, 0.19, 0.96, and 0.32, respec-
tively (Table 1). The minor allele frequencies among healthy controls were consistent with 
those of the Chinese population in the NCBI dbSNP databases.

Multivariate regression analyses showed that subjects carrying the rs1143634 TT gen-
otype had a significantly increased risk of AP, with adjusted ORs (95%CI) of 2.11 (1.03-4.51) 
(Table 2). We found that subjects carrying the rs16944 AA genotype, rs1800795 CC genotype, 
or rs1800796 CC genotype had a slightly increased risk of AP, but no significant association 
was found between these polymorphisms; adjusted ORs (95%CI) were 1.32 (0.81-2.15), 1.88 
(0.82-4.51), and 1.43 (0.76-2.71), respectively.

Table 1. Genotype characteristics of IL-1β and IL-6 polymorphisms.

Gene SNP Alleles                                         MAF1  HWE2 (P value) in controls

   Control group From dbSNP

IL-1β
   +3954 C/T rs1143634 C/T   0.189 0.1455 0.11
   -511 C/T rs16944 G/A   0.432 0.4651 0.19
IL-6
   -174 G/C rs1800795 G/C   0.202 0.1850 0.96
   -634 C/G rs1800796 G/C 0.27 0.2897 0.32

1MAF = minor allele frequencies; 2HWE = Hardy-Weinberg equilibrium.
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Table 2. Association between polymorphisms of IL-1β and IL-6 and AP risk.

SNPs  Cases N = 272 % Controls N = 272 % Adjusted OR (95%CI)1 P value

IL-1β
   rs1143634 CC 167 61.40  183 67.28  1.0 (Ref.) -
 CT   78 28.68    75 27.57        1.14 (0.76-1.70) 0.50
 TT   27   9.93    14   5.15        2.11 (1.03-4.51) 0.03
IL-1β
   rs16944 GG   82 30.15    93 34.19  1.0 (Ref.) -
 GA 125 45.96  123 45.22        1.15 (0.77-1.73) 0.47
 AA   65 23.90    56 20.59        1.32 (0.81-2.15) 0.25
IL-6
   rs1800795 GG 159 58.46  173 63.60  1.0 (Ref.) -
 GC   94 34.56    88 32.35        1.16 (0.79-1.70) 0.42
 CC   19   6.99    11   4.04        1.88 (0.82-4.51) 0.11
IL-6
   rs1800796 GG 136 50.00  149 54.78  1.0 (Ref.) -
 GC 106 38.97  101 37.13        1.15 (0.79-1.67) 0.44
 CC   30 11.03    23   8.46        1.43 (0.76-2.71) 0.23
1Adjusted for gender and age.

DISCUSSION

In the current study, we evaluated the effect of IL-1β +3954 C/T (rs1143634) and IL-
1β -511 C/T (rs16944) and IL-6 -174 G/C (rs1800795) and IL-6 -634 C/G (rs1800796) on the 
development of AP risk. This is the first study to examine the association between the 4 SNPs 
and development of AP. We showed that the rs1143634 polymorphism was marginally associ-
ated with AP risk. Therefore, our findings indicated that the identification of SNPs affecting 
gene function or expression and thus contribute to the risk of AP is valuable for predicting 
individual risk and understanding the pathogenesis of developing AP.

ILs are members of the inflammatory cytokine family and play important roles in the 
inflammatory response and immune system regulation. Previous studies have reported that 
increased secretion of inflammatory cytokines, including IL-1b, IL-6, IL-8, and IL-10, play 
key roles in promoting the pathological process of AP (de Beaux et al., 1996; Berney et al., 
1999; Wereszczynska-Siemiatkowska et al., 2002, 2003). The serum levels of inflammatory 
cytokines can be regulated by the transcriptional level (Berney et al., 1999; Wereszczynska-
Siemiatkowska et al., 2002, 2003). Previous clinical studies have shown that polymorphisms 
in the IL promoter region are correlated with inflammatory cytokines gene transcription and 
their secretion (Berney et al., 1999; Wereszczynska-Siemiatkowska et al., 2002, 2003). There-
fore, genetic polymorphisms in inflammatory cytokines may influence the development and 
pathological process or severity of AP. 

Several previous studies have investigated the associations between genetic polymor-
phisms in inflammatory cytokines and AP risk, but results have been inconsistent (Smithies 
et al., 2000; Sargen et al., 2000; Powell et al., 2001; Zhang et al., 2005; Hofner et al., 2006; 
Chen, 2007). In a study conducted in England, Smithies et al. (2000) found that IL-1RN could 
determine the severity of AP and susceptibility to idiopathic AP, but no significant association 
was found between IL-1β polymorphism and AP risk in a British population. In another study 
in a British population, Sargen et al. (2000) reported that the tumor necrosis factor and IL-10 
gene polymorphisms have no role in the determination of disease severity or susceptibility to 
acute pancreatitis (Sargen et al., 2000). In another study conducted in the United Kingdom, 
Powell et al. (2001) observed that there was no significant association between IL-1RA genetic 
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polymorphisms and AP risk. Chen (2007) suggested that the IL-6 -174 G/C and -634 C/G 
polymorphisms were not associated with AP risk among Chinese subjects, and no significant 
association was found between IL-1β -511 C/T polymorphism and AP risk. However, other 
studies reported different results. In a study conducted in China, Zhang et al. (2005) reported 
that the IL-10 -1082 G allele plays a key role in the development of severe AP patients to septic 
shock, but genetic factors of IL-1b+3 594T, IL-10-1082G, and CD14-159T were not associ-
ated with disease severity or AP development. Hofner et al. (2006) reported that the IL-8 -251 
A allele was associated with an increased risk of AP in a Hungarian population. In our study, 
we found that subjects carrying the IL-1β rs1143634 TT genotype had a significantly increased 
risk of AP. This discrepancy may be explained by differences in ethnicities, source of control 
subjects, sample size, and by chance. Further studies are needed to confirm the association 
between IL polymorphisms and AP risk.

The current study has several limitations. First, the study was conducted in 1 hospital 
in China, and the sample may not represent other populations. However, the allele frequencies 
in controls were similar to minor allele frequencies in a Chinese population from the NCBI 
reference assembly, indicating that the control subjects may represent the general population 
in China. Second, the number of cases and control subjects was relative small. The relatively 
small sample size may decrease the statistical power for identifying differences between groups. 
Therefore, further large sample size studies are greatly needed to confirm their association.

In summary, this study first reported that subjects carrying IL-1b rs1143634 TT geno-
type had a significantly increased risk of AP in a Chinese population. The IL-1b rs1143634 
polymorphism may be used as a diagnostic biomarker for AP. Further large studies are needed 
to confirm the role of genetic polymorphisms in inflammatory cytokines in AP development.
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