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Abstract: Interleukin-7 (IL-7) has always been found to play a significant role in the development of lymphoid cell as well as in its maintenance. In breast 
cancer (BC) subjects, through the activation of JAK1/3-STAT5 and PI3K/AKT pathways, IL-7 promotes the growth of tumor cells. The current study aims 
to find the possible association of IL7RA (rs6897932) polymorphism with the susceptibility of BC among the diverse population of Kerala, South India. A 
case-control study was conducted at two health care centers in Kerala, South India involving 112 breast cancer patients (females) and 112 healthy 
controls (females). Genetic analysis was performed to detect IL7RA (rs6897932) polymorphism e employing polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) method. Odds ratio (OR) with 95% class interval (CI) were used to evaluate the relationship of IL7RA 
(rs6897932) polymorphism with BC susceptibility. Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS; version 
21.0) software and Medcalc software (version 16.4.3). The frequency distribution of IL7RA (rs6897932) polymorphism was found to be different between 
case and control groups significantly indicating IL7RA gene could play an important role in the pathogenesis of BC among South Indian population. The 
rs6897932 homozygous mutant CC genotype (OR=3.04; 95% CI =1.46-6.32; p=0.002), as well as the C allele (OR= 2.59; 95% CI =1.43-4.70; p=0.001), 
was found to increase the risk of BC among the studied South Indian (Kerala) subjects. The present study provided evidence regarding the role of IL7RA 
(rs6897932) polymorphism in the development of breast cancer among the South Indian population (Kerala) and that IL7RA gene may play distinct roles 
in breast carcinogenesis. The present study results need to be validated by further advanced and prospective studies involving larger sample sizes. 
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1 INTRODUCTION                        
Breast cancer (BC) is one of the commonest malignant 
diseases among female subjects. Moreover, it ranks second 
amidst the most frequently found neoplasia among all other 
types of cancers that are reported worldwide [1]. In India, BC is 
considered as the most commonly occurring cancer that has a 
relative proportion ranging from 19.3% to 27.5% [2]. It shows a 
mortality rate of 12.7 per 100,000 women [3]. As reported in 
several studies all over the world, the incidence rate and 
cancer-associated mortality and morbidity rates within the Indian 
subcontinent has been reported to significantly increase in the 
last 10 year [4-8]. In individuals with a family history, genetic 
susceptibility for BC accounts for 5–10% of all BCs and 7–10% 
of all ovarian cancers, approximately [9]. Mutations in the two 
autosomal dominant genes, BRCA1 and BRCA2, have been 
well studied to be associated with familial breast or ovarian and 
breast cancer [10]. Female individuals who carry BRCA1 or 
BRCA2 mutations have an estimated lifetime risk between 60% 
and 85% for BC, as well as a lifetime risk between 26% and 
54% for ovarian cancer for BRCA1, and, finally, between 10% 
and 23% for BRCA2 [10]. Though the pathophysiology of these 
genes and functional role is not understood completely yet, it is 
considered that these genes play a potent role in significant 
cellular pathways which include response to DNA damage, 
transcription, and interaction with other proteins involved in DNA 
repair and apoptosis [10].  
 
 
 
 
 
 
 
 
 

 
Among high-risk members in families with inherited breast 
and/or ovarian cancer, identification of early cancer is facilitated 
by genetic screening, which could lead to better management of 
the disease. In the progress of finding early cancer-control 
strategies, currently, several genetic studies have been 
conducted among different ethnicities. This was done to 
discover the genetic factors that are associated with the BC. 
When compared to conventional screening techniques including 
breast ultrasound, magnetic resonance imaging, diagnostic 
mammogram, and biopsy, genetic screening could lead to 
earlier management and treatment of BC. Studies that focus on 
the genetic factors associated BC among South Indian ethnicity 
remain very limited even though a large number of 
epidemiologic studies have been conducted over the years in 
cancers including prostate, oral, gastric, and BC [11]. With a 
predisposition to hereditary breast and/or ovarian cancer 
syndrome, BRCA1 and BRCA2 are most commonly studied 
genes for BC [3,4]. Nevertheless, studies recently have reported 
the role of multiple genes in the growth of BC and the 
significance of multi-gene testing in finding non-BRCA genes 
[12]. At least 4 clinically relevant BC subtypes were found with 
the help of gene expression studies [6]. Detailed discussions 
have also unveiled low penetrance loci possessing subtype-
specific actions in BC. This, in turn, highlights the specific 
etiology of these tumors and their importance to consider these 
subtypes in the association studies [7]. The interaction of growth 
factors, extracellular matrix, cytokines, fibroblasts with the tumor 
cell, and immune and tumor cells was found to be highly crucial 
in BC development [13]. Among cytokines studied, interleukin-7 
(IL-7) has been recently found to play a potent role in BC 
pathogenesis promoting growth and survival of tumor cells and 
with the expression of its' signaling pathway molecules being 
also associated with worst prognosis in human BC samples.[14] 
Furthermore, decreased expression of IL-7 receptor alpha chain 
(IL-7RA; CD127) is shown by peripheral blood mononuclear 
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cells extracted from BC cancer patients and also impaired IL-7 
response and cytokine production are seen when compared to 
those from healthy controls,[15] thus suggesting that IL-7 
defects are associated with BC. IL-7 belongs to type 1 cytokine 
from hematopoietin family. These are produced majorly by non-
immune stromal cells which play a critical part in immune 
system advancement and homeostasis by the promoting growth 
of lymphoid cell and its survival. IL-7 functions are mediated 
with the help of IL-7 receptor(IL-7R) [composed of the common 
cytokine receptor gamma chain (γc; CD132) and the IL-7RA] 
leading to the activation of Janu Kinases (JAK) 1 and 3, 
promoting signal transducer and activator of transcription 5 
(STAT5) function and gene expression modulation, and also of 
phosphatidylinositol 3-Kinase (PI3K), thus activating pro-survival 
and anti-apoptotic signaling pathways [16]. IL7RA gene is 
located on chromosome 5 at position 5p13.2 [17]. The SNP 
(rs6897932, Thr244Ile) occurs at exon 6, which results in 
conversion of cytosine (C) into thymine (T) at codon 244 (ACC > 
ATC). This further leads to a change of threonine into isoleucine 
(Thr > Ile) at the border between the transmembrane and 
extracellular regions. In individuals with multiple sclerosis, T (Ile) 
allele for Thr244Ile polymorphism has been shown to be a 
marker allele for a protective haplotype [18]. It has been also 
associated with various other immune-related disorders.[19] 
Moreover, it is also shown in detailed studies that T allele is 
associated with decreased expression of soluble IL-7RA (sIL-
7RA) isoform [13].

 
Increase in IL-7 bioavailability and activity 

was recorded in sIL-7RAwhere by chronically enhancing 
immune function all along lifetime as well as promoting 
autoimmunity in susceptible individuals. Despite this evidence 
demonstrating the influence of IL-7 in various cancers, including 
BC [13], and the documented functional implications of IL7RA 
Thr244Ile polymorphism in autoimmune diseases and immune 
function

 
[13], no other study is available in the literature which 

had investigated this polymorphism on BC among South Indian 
society. Therefore, the main purpose of the current study was to 
investigate the association of IL7RA Thr244Ile (rs6897932) 
polymorphism with susceptibility of BC among ethnicity of 
Kerala, South India. 

 
2.1 Study subjects 
The present case-control study was carried out in two health 
care centers in Kerala, India. The study involved 112 BC 
patients and 112 age-adjusted healthy controls.  The inclusion 
criteria for the study were (1) women with age ≥35 years; (2) 
All study subjects should have undergone breast cancer 
screening: mammography (any of the methods, i.e., film, 
digital, tom synthesis) or with other modality; other screening 
modality (i.e., MRI, ultrasound) and have been confirmed of 
BC. And exclusion criteria included: (1) Women with age <35 
years; (2) Women with pre-existing other types of cancer or Li-
Fraumeni syndrome, Cowden syndrome, hereditary diffuse 
gastric cancer, or other familial cancer syndromes. The 
clinicopathological characteristics including age, tumor size, 
nodal metastasis, grade, stage, histology, of BC patients were 
collected and documented. Informed consent was acquired 
from all the study subjects. All procedures in the present study 
were approved by the Ethics Committee, Mar Baselios 
College, Kerala, India (Ref no: IEC/17/2017/MBDC). 
 
2.2 Genome DNA extraction 
A 5 ml of venous blood was collected from the participants 
during their hospital visit. Genomic DNA was extracted using 

QIAamp DNA Mini Kit (Qiagen, Germany). The high-quality 
DNA isolated from whole blood samples were checked for its 
quality and quantity using NanoDropTM 2000 UV-Vis 
Spectrophotometer (Thermo Fisher Scientific,United States). 
The purity of the samples was checked based on 260/280nm 
and 260/230nm ratios. The quality of DNA samples was also 
cross-checked on Agarose gel electrophoresis by preparing 
1% gel to avoid any major contaminations (Figure 1). 
Extracted DNA samples were stored at -20oC for future use. 
 
2.3 IL7RA Thr244Ile (rs6897932) polymorphism 
genotyping 
The information for genotyping IL7RA (rs6897932) 
polymorphism was obtained from previously reported studies 
[13,20]. The details of the primers, restriction enzymes and the 
length of digested fragments used in genotyping were as 
follows: Forward 5′ CACCCAAGTCAATGCCTTTT 3 `; 
Reverse: 5′ TTACTTTGGGGACAGCGTTT 3′; The primers for 
the targeted amplification of IL7RA (rs6897932) polymorphism 
were designed as per our request from Eurofins Genomics, 
United States. Primers were diluted to a stock solution of 
100uM then to a working solution of 10 uM before setting up 
the reaction. The PCR reactions were performed in a final 
volume of 25 μl, containing approximately 50 ng genomic 
DNA, 10 μM each primer, AmpliTaq Gold™ 360 Master Mix 
(Thermo Fisher Scientific,United States) and Nuclease-free 
water. All reactions were performed using Applied 
Biosystems® Gene Amp® PCR System 9700. The PCR 
conditions were standardized as follows: 5 min preheating at 
95°C, 35 cycles of 95°C for the 1 min, 55°C for 1 min, and 72 
°C for 1 min followed by a final extension step for 5 min at 72 
°C.  The PCR products (500bp) were further run on 2 % 
Agarose gel with a 50bp ladder from Promega (Wisconsin, the 
United States) to check the product size and its quality.  For 
genotyping IL7RA (rs6897932)   polymorphism, the PCR 
product (10 μl) was digested using BccI restriction enzyme 
(Thermo Fisher Scientific, United States). The manufacturer’s 
instruction was strictly followed while performing the reaction 
and digestion following it. The digested products were run on 
2% Agarose gel to check for restriction digestion as shown in 
Figure 2. The digested T allele produced 314 and186 bp 
fragments, while the C allele produced 280, 186 and 34-bp 
amplicons. Results for each reaction product were recorded in 
table format for statistical analysis. Demographic details of 
both cases and controls were matched using SPSS windows 
software (Version 21.0). After the genotypes of each individual 
were determined, genotype and allele frequencies were 
calculated by direct counting. Deviations from Hardy–
Weinberg equilibrium (HWE) were tested using the Chi-square 
(χ2) test in both groups. The relative risk associated with 
genotype and alleles estimated as an odds ratio (OR) with a 
95 % confidence interval (CI) were obtained using MedCalc 
Statistical Software (version 16.4.3). Statistical significance 
was defined as a p-value less than 0.05.. 

 

3 RESULTS 
The demographic data (age) and clinical details of the case 
and control groups are shown in Table 1. The present study 
group included 112 BC patients with a mean age of 47.1 ±11.3 
years and 112 healthy women with a mean age of 47.9 ±11.1 
years The results of PCR-RFLP showed that IL7RA 
(rs6897932) T>C polymorphism contained three genotypes: 
TT as a wild-type, TC as a heterozygous mutant and CC as a 
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homozygous mutant. The genotype and allele frequencies for 
the IL7RA (rs6897932) polymorphism in all studied groups are 
illustrated in Table 2. In the present study, IL7RA (rs6897932) 
polymorphism was analyzed in 112 individuals with BC and 
112 healthy controls with no BC. The differences between 
genotypes and alleles frequencies of IL7RA (rs6897932) were 
remarkable between the case and control group. The 
genotype distribution of two of the genotypes was significantly 
different with p-value <0.05 between cases (TT = 46.4% and 
CC=26.7%) vs controls (TT = 49.1%, and CC=10.71) 
respectively. However, the differences between genotype TC 
IL7RA (rs6897932) between the case and control remained 
insignificant (p>0.05).  The genotype frequency of 
homozygous mutations (CC) was found to be higher in the 
case group when compared with the control group with 
statistical significance. The corresponding allele frequencies 
were also showing a difference in the levels as well; cases had 
T = 59.8% and C = 40.1% whereas controls had T= 79.4% 
and C = 20.5% with statistical significance (p=0.001 for both T 
and C allele). Individuals with CC genotype had a significantly 
elevated risk of developing BC compared with TT, with an OR 
(95%CI) of 3.04 vs 0.38 respectively. In addition, we also 
found that the minor allele frequency for C allele in case group 
was higher than that of the control group, which indicated the 
risk for BC to be increased by 2.6 folds in presence of C allele. 

 
Table 1: The clinicopathological characteristics of BC patients 
 

Characteristics  Cases n (%)  

Age 

Mean±SD 
47.1 ±11.3 (47.9 ±11.1 
healthy controls) 

Tumor Size (cm) 

≤2  23(20.5%)  

>2  67 (59.8%)  

Unknown  22(19.6%)  

Nodal metastasis 

No  26 (23.2%)  

Yes  72(64.2%)  

Unknown  14 (12.5%)  

Grade 

I  18 (16 %)  

II  54 (48.2%)  

III  18(16%)  

IV  1 (0.8)  

Unknown  21(18.7)  

Stage 

I  13(11.6%)  

II  36 (32.1%)  

III  28(25%)  

IV  28(25%)  

Unknown  7 (6.25%)  

Histology 

Ductal carcinoma  38(33.9%)  

Other  74 (66%)  

 
 
 
 
 

 
Figure 1: Extraction of DNA samples from the study subjects 

(1% Agarose gel) 
 

 
 
Figure 2: PCR-RFLP genotyping of IL7RA (rs6897932) 
polymorphism: PCR digestion for IL7RA (rs6897932) 
polymorphism using BccI restriction enzyme resulting in 
digested products (run on 2% Agarose gel), M- DNA marker 
(50 bp); S1 and S2 show subject with TC genotype with 4 
digested products (314, 280, 186 and 34 bp ); S3 shows 
subject with TT genotype with 2  digested products (314 and 
186 bp) and S4 shows subjects with CC genotype with 3  
undigested bands of 280,186 and 34bp. 
 

Table 2: Distribution of IL7RA (rs6897932) and alleles in BC 
patients (cases) and BC controls. 

Genotype 
BC 
(n=112) 
 

Healthy 
controls 
(n=112) 

p 
value 

OR (95% CI) 

TT 
 
 

52 
(46.4%) 

55 (49.1%) 0.688 
0.89(0.53 to 
1.51) 

TC 30(26.7%) 45 (40.1%) 0.034* 
0.54(0.31 to 
0.95) 

CC 30(26.7%) 
12 
(10.71%) 

0.002* 
3.04(1.46 to 
6.32) 
 

T 
67 
(59.8%) 

89 (79.4%) 0.001* 
0.38 (0.21 to 
0.69) 
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C (Minor 
Allele) 

45(40.1%) 23 (20.5%) 0.001* 
2.59(1.43to 
4.70) 
 

*shows stastical significance (p value <0.005) 

 

4 DISCUSSION 
In the present study, it was found that IL7RA (rs6897932) 
Thr244Ile polymorphism is associated with BC susceptibility in 
South Indian ethnicity (Kerala population). The association 
between the IL7RA (rs6897932) and autoimmune disorders 
has been well established by the previous studies [19]. The IL-
7RA gene (IL7Rα) is located on the 5th chromosome at 
position 5p13.2, and several single nucleotide polymorphisms 
(SNPs) have been described on this gene [17]. IL-7 was 
studied as a pleiotropic cytokine involved majorly in the 
immune functions by promoting the development and 
homeostasis of lymphoid cells.  Upon ligation with its’ receptor 
complex, which includes common cytokine-receptor γ chain 
(CD132) and the IL-7RA (CD127), IL-7 activates JAK1 and 3, 
which triggers phosphorylation of the signal transducers 
STAT5 and PI3K pathway, activating pro-survival responses in 
lymphoid cells. Cell culture studies with BC cells have reported 
that IL-7’s capability to promote cell growth and survival, and 
the process depends on both STAT5 and PI3K activation.[16] 
Besides its role in the immune system, IL-7 also has been 
shown to act on tumor cells [16]. The IL7RA SNP (rs6897932) 
is found at exon 6, resulting in a threonine to isoleucine 
conversion (Thr > Ile) on the boundary between extracellular 
and transmembrane regions. This polymorphism has also 
been shown to be associated with multiple sclerosis 20-18and 
several other immune-related disorders [19].  Despite 
evidence indicating the influence of IL-7 in several cancers, 
including breast cancer and the reported functional effects of 
IL7RA rs6897932 polymorphism on immune function and 
autoimmune diseases [19-22], there are only very few studies 
investigating the effect of this polymorphism on breast cancer. 
Two of the recent studies were from Brazil where they 
investigated the association of this IL7RA rs6897932 with the 
susceptibility and clinicopathological parameters of breast 
cancer subgroups in Brazilian population [16,23]. When 
comparing to other studies published around the globe[24], 
our findings regarding the T allele frequency from the healthy 
control group (79.4%) was higher to the majority of the studies 
from Asian and Admixed American ethnicities. Our study 
results are however in strong agreement with the recent study 
published in the Brazilian population which reported a strong 
association between IL7RA rs6897932 (Thr244Ile) 
polymorphism and BC development. There exist few 
limitations for the present study including: (1) The current 
study assessed only one SNP of the IL7RA gene; (2) The 
study lacked patient details concerning the known risk factors 
for BC (e.g., parity, oral contraceptive or hormone therapy use, 
breastfeeding, smoking and alcohol intake); (3) The present 
study only involved two health care centers for sample 
collection, as a reason the study subjects would not 
completely represent the Kerala, South Indian population; (4) 
The study did not look into the relationship between clinical 
characteristics of BC patients including age, tumor size, nodal 
metastasis, grade, stage and histology. The authors 
recommend larger studies for better conclusive results. 

 
5 CONCLUSION 
In conclusion, the present results indicate, for the first time, 
that IL7RA (rs6897932) polymorphism to be associated with 
BC development among South Indian ethnicity (Kerala). These 
data shed lights on the knowledge of breast carcinogenesis 
and suggest the genetic variant IL7RA (rs6897932) as an 
interesting candidate for BC susceptibility and prognosis. The 
rs6897932 gene polymorphism could be considered as a 
useful genetic marker to evaluate the susceptibility to BC 
among high-risk women.  Further prospective and 
retrospective studies with larger sample size and on a wider 
scale of BC patients are needed to confirm this preliminary 
conclusion. Thus developing such early genetic screening 
techniques could help BC patients who are at high risk to be 
identified at the early stages of disease development whereby 
they could benefit from more targeted prevention programs.  
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BC Brest cancer 
SNP Single nucleotide polymorphism 
PCR-RFLP Polymerase chain reaction-restriction fragment 
length polymorphism 
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IL7 Interleukin-7 
IL7RA Interleukin-7 receptor alpha 
CI Class interval 
SPSS Statistical Package for the Social Sciences 
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