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A functional insertion/deletion polymorphism 
in the IL1A gene is associated with 
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ABSTRACT. The insertion/deletion polymorphism (rs3783553 TTCA/-) in the 
3' untranslated region of interleukin-1A (IL1A) has been studied intensively 
and has been shown to affect tumor risk. We studied the frequency of the IL1A 
gene polymorphism rs3783553 and evaluated its relationship with breast 
cancer (BC). A hospital-based case-control study comprising 228 patients 
with histologically confirmed BC and 241 healthy subjects was conducted. 
Polymerase chain reaction was used to detect the IL1A rs3783553 
polymorphism. The ins/ins (ttca/ttca) genotype was significantly associated 
with a decreased risk of BC compared with the del/del (-/-) genotype (OR 
= 0.48, 95% CI = 0.27-0.85). Moreover, the ins (ttca) allele distribution 
between cases and controls was significantly different from the del (-) 
allele distribution (OR = 0.74, 95% CI = 0.57-0.96). Thus, the rs3783553 
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polymorphism is associated with a decreased incidence of breast cancer.
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INTRODUCTION

Breast cancer (BC) is recognized as the most common malignancy among women in 
developed western societies (Key et al., 2001; Parkin et al., 2005). Moreover, in many developing 
countries, such as China, the incidence of BC is increasing by 3-4% each year, and there is 
even an increasing prevalence in younger women (Linos et al., 2008). The etiology of tumor 
genesis in BC is complex and is influenced by many factors, such as age, geographical variation, 
lifestyle, and especially genetic factors (Dunning et al., 1999). Numerous studies have shown 
that candidate genes and functional genetic mutations, such as breast cancer 1, breast cancer 2, 
ataxia telangiectasia mutated, and tumor protein p53, are associated with the development of BC 
(Easton et al., 2007; Stacey et al., 2007; Stacey et al., 2008). Although the molecular and genetic 
variants related to BC have been studied intensively, the factors that determine tumor initiation and 
inheritable BC susceptibility mutations are unclear.

MicroRNAs (miRNAs), which are small non-coding RNAs, act as post-transcriptional 
regulators of gene expression by binding to the 3' untranslated region (3'UTR) of their target mRNAs 
(Bartel, 2004). miRNAs are essential for mRNA and protein expression, and there is abundant 
evidence that single nucleotide polymorphisms located in the 3'UTRs change the strength of 
miRNA-mRNA binding, resulting in the altered expression of target genes and the risk of cancers 
(Chin et al., 2008; Jazdzewski et al., 2008; Li et al., 2013; Pan et al., 2014).

Interleukine-1 is a pleiotropic cytokine that plays a critical role in the pathogenesis 
of inflammatory immune responses and the formation of malignancies (Apte and Voronov, 
2008; Kammoun-Krichen et al., 2012). Recently, Gao et al. (2009) found an insertion/deletion 
polymorphism (rs3783553 TTCA/-) that resides in the 3’UTR of the interleukin-1A gene (IL1A); 
this polymorphism changes the binding strength of miR-122 and miR-378 to IL1A. The TTCA 
insertion allele is associated with the elevated transcription of IL-1A in vitro and in vivo. Subsequent 
studies showed that the rs3783553 ins/ins (TTCA/TTCA) genotype decreases susceptibility to 
hepatocellular carcinoma (Gao et al., 2009), nasopharyngeal carcinoma (Yang et al., 2011), and 
gastric cancers (Zeng et al., 2014).

Until date, to our knowledge, no study has evaluated the association between the IL1A 
rs3783553 polymorphism and BC risk. To elucidate the effects of IL1A rs3783553 on the risk of BC, 
we performed a genetic study of the IL1A rs3783553 polymorphism in Chinese women.

MATERIAL AND METHODS

Study population

A hospital-based case-control study was designed to evaluate the effect of the IL1A gene 
rs3783553 polymorphism on the risk of BC. This study comprised 228 patients with histologically 
confirmed BC and 241 healthy controls. The study population was consecutively recruited from 
the Han ethnic group and selected from the People’s Hospital of Leshan between February 2010 
and December 2013. A careful clinical evaluation of these subjects was carried out using medical 
records that included age, age at menarche, immunohistochemical features, and tumor TNM stage. 
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The baseline features of the study subjects are shown in Table 1. The average age was 50.4 years 
in the 228 BC patients and 48.1 years in the 241 healthy subjects. Patients with recurring BC or BC 
co-occurring with other cancers were excluded. Individuals with historical cancer and inflammatory 
diseases were also excluded. Unrelated controls were recruited from the healthy volunteers who 
visited the hospital for physical examination in the same period. The cases and controls were 
adequately matched in terms of age, age at menarche, and place of residence. This study was 
approved by the Ethics Committee of the hospital. Written informed consent was obtained from 
each participant.

BC = breast cancer.

Variables BC patients (N = 228) Controls (N = 241) 

Age (years) 50.4 ± 9.4 48.1 ± 11.6 

Age at menarche (years) 14.1 ± 1.5 14.1 ± 1.6 

Estrogen receptor (%)   

Positive 143 (62.7)  

Negative 85 (37.3)  

Progesterone receptor (%)   

Positive 124 (54.4)  

Negative 104 (45.6)  

TNM grades   

   T status (%)   

      T1-2 178 (78.1)  

   T3-4 50 (21.9)  

   N status (%)   

   N0 97 (42.5)  

   N1-3 131 (57.5)  

   M status (%)   

   M0 226 (99.1)  

   M1 2 (0.9)  

 

Table 1. Characteristics of the study population.

Genotyping

Genomic DNA was extracted from peripheral venous blood using a commercial DNA 
isolation kit (BioTeke Corporation, Beijing, China) according to the manufacturer instructions. 
A polymerase chain reaction (PCR) assay was used to analyze the IL1A gene rs3783553 
polymorphism. Details of the primer sequences and reaction conditions have been described 
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previously (Gao et al., 2009; Yang et al., 2011; Zeng et al., 2014). To confirm the accuracy of the 
genotyping, randomly selected PCR products were sequenced, and the results were verified.

Statistical analysis

The SPSS software version 19.0 (SPSS Inc., Chicago, IL, USA) was used for the statistical 
analysis of the data. The Hardy-Weinberg equilibrium (HWE) was accessed using the c2 test to 
compare the observed genotype frequencies among the cases and controls. A two-sided c2 test was 
used to evaluate the differentials between genotype and allele frequencies of the IL1A rs3783553 
polymorphism both in cases and controls. Odds ratios (ORs) and 95% confidence intervals (95% 
CIs) were evaluated to determine the effect of the IL1A rs3783553 polymorphism on BC risk and 
the different clinical statuses of BC. A P value < 0.05 was considered statistically significant in the 
two-sided tests.

RESULTS

Effect of the IL1A rs3783553 polymorphism on BC risk

The genotype and allele frequencies of the IL1A rs3783553 polymorphism are displayed 
in Table 2. The genotype frequencies of IL-1A rs3783553 were in agreement with the HWE model 
in both cases and controls. Among the BC group, the genotype frequencies of the IL-1A rs3783553 
polymorphism were 39.9, 49.6, and 10.5% for the del/del (-/-), del/ins (-/ttca), and ins/ins (ttca/
ttca) genotypes, respectively; and for the controls they were 33.6, 47.7, and 18.7%, respectively. 
The ins/ins (ttca/ttca) genotype was significantly associated with a decreased risk of BC compared 
with the del/del (-/-) genotype (OR = 0.48, 95% CI = 0.27-0.85). Moreover, the ins (ttca) allele 
distribution between cases and controls was significantly different from the del (-) allele (OR = 0.74, 
95% CI = 0.57-0.96).

Effect of the IL1A rs3783553 polymorphism on the clinical features of BC patients

Further analysis of the effect of the rs3783553 polymorphism on the clinic features in BC 
patients is shown in Table 3. No association was found between the rs3783553 polymorphism and 
the status of estrogen receptor, progesterone receptor, and TNM status of the BC patients.

Table 2. Genotype and allele frequencies of the IL1A rs3783553 polymorphism in the breast cancer patients and 
controls.

Polymorphism Patients 

[N = 228 (%)] 

Controls 

[N = 241 (%)] 

OR (95% CI) P value 

del/del (-/-) 91 (39.9) 81 (33.6) 1.00 (Ref)  

del/ins (-/ttca) 113 (49.6) 115 (47.7) 0.88 (0.59-1.30) 0.51 

ins/ins (ttca/ttca) 24 (10.5) 45 (18.7) 0.48 (0.27-0.85) 0.01 

del (-) 295 (64.7) 277 (57.5) 1.00 (Ref)  

ins (ttca) 161 (35.3) 205 (42.5) 0.74 (0.57-0.96) 0.02 
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Table 3. Association between the IL1A rs3783553 polymorphism and the clinical features of the breast cancer 
patients.

Clinical features Genotype frequency OR (95%CI) P value 

N (%) N (%) 
Estrogen receptor Positive Negative   

del/del (-/-) 57 (39.9) 34 (40.0) 1.00 (Ref)  

del/ins (-/ttca) 73 (51.0) 40 (47.1) 0.92 (0.52-1.63) 0.77 
ins/ins (ttca/ttca) 13 (9.1) 11 (12.9) 1.42 (0.57-3.52) 0.45 
del (-) 187 (65.4) 108 (63.5) 1.00 (Ref)  
ins (ttca) 99 (34.6) 62 (36.5) 1.08 (0.73-1.61) 0.69 

Progesterone receptor Positive Negative   
del/del (-/-) 47 (37.9) 44 (42.3) 1.00 (Ref)  
del/ins (-/ttca) 67 (54.0) 46 (44.2) 0.73 (0.42-1.28) 0.27 
ins/ins (ttca/ttca) 10 (8.1) 14 (13.5) 1.50 (0.60-3.71) 0.38 
del (-) 161 (64.9) 134 (64.4) 1.00 (Ref)  
ins (ttca) 87 (35.1) 74 (35.6) 1.02 (0.70-1.50) 0.91 

T status T1-2 T3-4   
del/del (-/-) 71 (39.9) 20 (40.0) 1.00 (Ref)  
del/ins (-/ttca) 89 (50.0) 24 (48.0) 0.96 (0.49-1.87) 0.90 
ins/ins (ttca/ttca) 18 (10.1) 6 (12.0) 1.18 (0.42-3.38) 0.75 

del (-) 231 (64.9) 64 (64.0) 1.00 (Ref)  
ins (ttca) 125 (35.1) 36 (36.0) 1.04 (0.65-1.65) 0.87 

N status N0 N1-3   
del/del (-/-) 33 (34.0) 58 (44.3) 1.00 (Ref)  
del/ins (-/ttca) 53 (54.6) 60 (45.8) 0.64 (0.37-1.13) 0.13 
ins/ins (ttca/ttca) 11 (11.3) 13 (9.9) 0.67 (0.27-1.67) 0.39 
del (-) 119 (61.3) 176 (67.2) 1.00 (Ref)  
ins (ttca) 75 (38.7) 86 (32.8) 0.78 (0.53-1.14) 0.20 

 
DISCUSSION

We conducted a hospital-based case-control study and evaluated the potential effects of 
the IL1A insertion/deletion polymorphism (rs3783553 TTCA/-) on the risk of BC development and 
progression in Chinese women. Our findings suggested that the distribution of the IL1A rs3783553 
TTCA/- polymorphism was significantly different between the BC patients and controls, which were 
matched by age, age at menarche, and geographic distinction. The ins/ins (ttca/ttca) genotype 
possibly protects against the development of BC.

There is abundant evidence that miRNAs, functioning as trans-acting factors, can bind to 
target genes and play an important role in regulating the development, progression, and metastasis 
of cancers, including BC (Jazdzewski et al., 2008; Gao et al., 2009; Hollestelle et al., 2011; Zhang 
et al., 2011). One such miRNA, miR-122, was first recognized as a liver-specific miRNA; it is highly 
expressed in the liver and is associated with liver-related diseases and hepatocellular carcinoma 
(HCC). Studies on humans have shown that miR-122 acts as a tumor suppressor in HCC and 
follicular thyroid carcinoma by decreasing angiogenesis and tumor development (Chang et al., 
2008; Reddi et al., 2013). Recently, a novel functional polymorphism (rs3783553 TTCA/-) resident 
in miR-122 has been discovered, and is reported to affect the transcription of IL1A by changing the 
binding strength of miR-122 and miR-378 (Gao et al., 2009). The polymorphism has subsequently 
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been reported to be related to decreased risk of HCC (Gao et al., 2009), nasopharyngeal carcinoma 
(Yang et al., 2011), and gastric cancer (Zeng et al., 2014). In this study, we evaluated the potential 
relationship between the ILIA rs3783553 insertion/deletion polymorphism and the risk of BC, and 
found that the ILIA rs3783553 ins/ins (ttca/ttca) genotype and the ins (ttca) allele distributions 
between cases and controls were significantly different. This tumor suppressing effect corroborated 
previous reports (Gao et al., 2009; Yang et al., 2011; Zeng et al., 2014).

The potential mechanism by which the ILIA rs3783553 polymorphism decreases BC risk 
may be attributed to the expression of its target gene. IL-1 is a pleiotropic cytokine that is involved in 
the pathogenesis of inflammatory immune responses and the formation of malignancies (Apte and 
Voronov, 2008; Kammoun-Krichen et al., 2012). The effect of IL-1 on BC has been extensively studied 
both in vitro and in vivo. In vitro studies have shown that IL-1 can inhibit malignant cell growth by 
affecting DNA synthesis (Shen et al., 2002). In human BC, IL-1 is involved in local regulation of tumor 
growth, angiogenesis, proliferation, and tumor attack (Miller et al., 2000; Pantschenko et al., 2003; 
Singer et al., 2003). IL-1a may also affect the risk of BC by regulating cell proliferation through a Ca2+/
calmodulin-dependent pathway (Inokuchi et al., 1995), considering that breast calcification is a key risk 
factor for BC (Tse et al., 2008). However, further more functional studies are needed to elucidate the 
mechanisms by which the protective effects of the ILIA rs3783553 polymorphism influence BC risk.

This study had some limitations. The study cases were recruited from only one hospital 
and the control group was recruited from the nearby region, which may not have provided an 
accurate representation of the general Han population. Furthermore, the sample size was relatively 
small, which might explain why we did not find any association between the IL1A rs3783553 
polymorphism and the clinical features of the BC patients. Therefore, studies with larger sample 
sizes on subjects from different hospitals and regions might be useful to confirm our findings.

In conclusion, the novel finding of this study is that the IL1A rs3783553 polymorphism 
has a potential protective effect on BC development. It might be useful as a new biomarker and 
therapeutic target for providing tumorigenesis resistance, although further studies with larger 
sample sizes are required to confirm our results.
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