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Purpose: Inflammatory bowel disease (IBD) results from a complex interplay between genetic, immune, and environmental factors. 
Despite a significant advancement in genetic studies, until now, little is known about genotype–phenotype correlations in children with 
IBD. Thus, we aimed to evaluate if polymorphisms in the Interleukin-6 (IL-6), Interleukin-10 (IL-10), IL-6 receptor, and IL-10 
receptor genes are associated with the risk for pediatric IBD, its phenotype and severity.
Patients and Methods: We enrolled 50 children with IBD in the study group and 20 healthy children to the control group. 
Demographic and clinical data of the subjects were collected from available electronic medical records. The DNA was extracted from 
peripheral blood samples of all individuals. TaqMan® single nucleotide polymorphism (SNP) genotyping assays were used to detect 
IL-10 variants RS3024505 and RS1800872, IL-10RA RS3135932, IL-10RB RS2834167, IL-6 RS10499563, and IL-6R RS4537545. 
A binary logistic regression model was used to evaluate the association between SNP’s and the risk of IBD, IBD onset, phenotype, and 
the need to use of steroids or biologics.
Results: There was a significant difference in the genotype distribution of IL-6 RS10499563 between patients with IBD and control 
group (χ2 = 10.96, p = 0.004). The distribution of genotype CT at IL-6 RS10499563 was higher, whereas the distribution of genotype 
CC and TT at IL-6 RS10499563 was lower in children compared to controls. There were no significant differences in the distribution 
of the other SNPs between the study and control groups. We found a significant association between the genotype CT at IL-6 
RS10499563 and the risk of ulcerative colitis (OR 13.41; 95% CI: 1.58–114.26; p = 0.02), but not Crohn’s disease (OR 7.60; 95% CI: 
0.82–70.16; p = 0.07).
Conclusion: In this study, we found a significant association between the genotype CT at IL-6 RS10499563 and the risk of ulcerative 
colitis in children.
Keywords: Crohn’s disease, ulcerative colitis, children, genetics

Introduction
Recent epidemiological studies have indicated an increasing prevalence and incidence of inflammatory bowel disease 
(IBD), particularly in children and adolescents.1,2 The disease tends to have a more severe course and behavior in the 
pediatric population compared to adults.3 Thus, there is a need to identify predictive factors of aggressive course of IBD 
to optimize the decision-making process regarding the treatment strategies in individuals.

The complex pathogenesis of IBD is determined by the tissue damage due to an aberrant mucosal immune response to 
commensal bacteria in a genetically susceptible host.4,5 Genome-wide association (GWAS) studies have detected more 
than 240 susceptibility genes related to an increased risk of IBD.6,7 The majority of these genes code molecules involved 
in various mechanisms critical for the maintenance of intestinal homeostasis including in particular the innate and 
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adaptive immune response, regulation of epithelial function, autophagy, and reactive oxygen species generation.8 Crucial 
role in the orchestration of the mucosal homeostasis plays cytokines and cytokines’ receptors.4 Disruption of these 
precise mechanisms results in the inflammatory cascade and development of IBD4. Despite significant advancement in 
genetic studies, until now little is known about the genetic background of IBD and genotype–phenotype correlations in 
pediatric patients.9,10

The aim of the study was to explore whether polymorphisms in Interleukin-6 (IL-6), Interleukin-10 (IL-10), IL-6 
receptor, and IL-10 receptor genes are associated with risk for IBD in children. The second aim was to evaluate if these 
polymorphisms were associated with IBD phenotype and severity.

Materials and Methods
A total of 50 children with inflammatory bowel disease were enrolled in this study from inpatients of the Department of 
Pediatrics and Gastroenterology, Medical University of Lublin, Poland, between May 2018 and March 2020.

Inflammatory bowel disease was diagnosed based on a combination of clinical evaluation, results of laboratory and 
imaging studies, and esophagogastroduodenoscopy and ileocolonoscopy with histology according to the European 
Society of Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) revised Porto criteria.11 The IBD 
phenotype at disease onset was categorized according to the Paris classification.12 The clinical activity of Crohn’s 
disease was assessed using the Pediatric Crohn’s Disease Activity Index (PCDAI),13 while the clinical activity of 
ulcerative colitis was scored using the Pediatric Ulcerative Colitis Activity Index (PUCAI).14 Clinical remission of 
Crohn’s disease was defined as the PCDAI of 10 or less points, and an active phase as the PCDAI of more than 10 
points.13 Clinical remission of ulcerative colitis was categorized as the PUCAI of less than 10 points, and n active phase 
as the PUCAI of 10 or more points.14

Demographic and clinical data of subjects including patients’ age at the IBD onset, gender, IBD severity, location, 
and the required treatment were retrieved from available electronic medical records.

The control group comprised healthy children. Healthy children were selected from a group of patients hospitalized 
due to foreign body ingestion. The exclusion criteria were as follows: ongoing or previous history of any chronic organic 
disease, any clinical or laboratory signs of acute or chronic inflammation at the time of recruitment, and lack of informed 
consent for the participation in the study.

The genetic analysis was performed at the Independent Laboratory of Genetic Diagnostics, Medical University of 
Lublin. The DNA was extracted from EDTA-stabilized peripheral blood samples from all patients and healthy controls by 
using a QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer’s recommendations. 
The SNPs were chosen from the literature studies.15–18 IL-10 variants RS3024505 and RS1800872, IL-10RA variant 
RS3135932, IL-10RB variant RS2834167, IL-6 variant RS10499563, and IL-6R variant RS453754513 were genotyped 
using pre-developed allelic discrimination assays (Applied Biosystems). Genotyping reaction was performed in a final 
volume of 25 μL consisting of 12.5 μL TaqMan Genotyping Master Mix, 1.25 μL 20 × TaqMan SNP Genotyping Assays 
and 11.25 μL genomic DNA. Genotyping was performed by TaqMan real-time PCR on Quant Studio 5 (ThermoFisher 
Scientific), using Allelic Discrimination. Ten nanograms of DNA was genotyped in 25 μL containing 1 × Mastermix 
(Applied Biosystems, Nærum, Denmark), 250 nM probes, and 900 nM primers or as recommended by the manufacturer 
for predesigned assays. Controls for known genotypes were included in each run, and repeated genotyping of a random 
10% subset yielded 100% identical genotypes.

Statistical Analysis
Continuous variables were presented as means, standard deviation, median, and range. Categorical variables were 
described as frequencies, percentages, and proportions. Differences between groups for continuous variables were 
evaluated using the t-test for normally distributed data, the Wilcoxon rank-sum test for non-normally distributed data. 
Differences between the groups for categorical variables were evaluated using the chi-square test. Binary logistic 
regression model was used to evaluate the association between SNP’s and the risk of IBD, and the association between 
SNP’s and IBD onset, phenotype, and the need to use steroids or biologics. The p-value below 0.05 was considered 
statistically significant. The statistical analysis was performed using STATA 18.0 StataCorp.
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Since there are limited number of studies in the existing literature providing data on examined SNP’s and pediatric 
inflammatory bowel disease, our study is of preliminary nature, allowing sample size estimation for potential future 
studies.

Results
The study group consisted of 50 children with inflammatory bowel disease including 29 (52%) children with ulcerative 
colitis and 21 (42%) with Crohn’s disease. The basic characteristics of the study group are presented in Table 1.

We recruited 20 healthy children for the control group, including 13 girls (65%) and 7 boys (35%). The age of the 
children in the control group ranged from 4 to 16 years old, the mean age was 11.9 ± 3.4 years old, and the median was 
13.25 years.

The genotype distribution and allele frequencies of the examined polymorphisms are presented in Table 2. There was 
a significant difference in the genotype distribution of IL-6 RS10499563 between patients with IBD and control group 
(χ2 = 10.96, p = 0.004). The distribution of genotype CT at IL-6 RS10499563 was higher, whereas the distribution of 
genotype CC and TT at IL-6 RS10499563 was lower in children with IBD compared to controls. No other significant 
differences were observed among the groups.

Analysis of the association of the examined polymorphisms and IBD risk in our study group is presented in Table 3. 
There was a significant association between genotype CT in IL-6 RS10499563 and the risk of IBD (OR 10.69; 95% CI 
1.31–86.59; p = 0.03). A detailed analysis revealed a significant association between the genotype CT at IL-6 

Table 1 Demographic and Clinical Characteristics of Children with IBD

Ulcerative Colitis 
(n=29)

Crohn’s Disease 
(n=21)

Gender Boys 14 (46.1%) 15 (71.4%)

Girls 12 (53.9%) 6 (28.6%)

Age at diagnosis Mean: 12.3±4.0 yrs Mean: 14.3±2.7yrs
Median: 13 yrs Median: 14.5 yrs
Range: 3–18 yrs Range: 2.5–18 yrs

Follow-up time Mean: 42.3±35 months Mean: 32±27.8 months
Median: 36 months Median: 25 months

Range: 4–149 months Range: 2–97 months

Number of flares Mean: 2.1±1.3 Mean: 2.2±1.5
Median: 2 Median: 2
Range: 1–7 Range: 1–5

Numbers of steroids courses Mean: 1.6±1.2 Mean: 0.7±0.7
Median: 1 Median: 1

Range: 0–6 Range: 0–2

IBD onset < 10 years 5/29 (17.2%) 2/21 (9.5%)

IBD disease activity indexes PCDAI – Mean: 36.3±18.3 pts.
Median: 25 pts.
Range: 25–70pts.

PUCAI Mean: 41.3±18.9 pts. –
Median: 42.5 pts.

Range: 5–75 pts.

(Continued)
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Table 1 (Continued). 

Ulcerative Colitis 
(n=29)

Crohn’s Disease 
(n=21)

IBD location L1 – 1 (4.76%)

According to Paris classification L2 5 (23.8%)
L3 14 (66.67%)
L4a 12 (57.14%)

L4b 1 (4.76%)

p 6 (28.57%)

E1 3 (10.34%) –
E2 1 (3.44%)

E3 3 (10.34%)

E4 22 (75.86%)

Need to use anti-TNF therapy 9 (31%) 7 (33%)

Abbreviation: PCDAI- Pediatric Crohn’s Disease Activity Index; PUCAI Pediatric Ulcerative Colitis Activity Index.

Table 2 Comparison of Genotypes’ Distribution Between Patients with IBD and Controls

IBD (n=50) Controls (n=20) OR (95% CI) p-value

IL-10 RS3024505 Genotype

TT 1 (2%) 1 (5%) 0.39 (0.005–32.02) 0.50

CT 20 (40%) 8 (40%) 1 (0.31–3.37) 1.0

CC 29 (58%) 11 (55%) 1.13 (0.35–3.63) 0.82

Allele

C 49 (98%) 19 (95%) 0.89 (0.28–2.89) 0.82

T 21 (42%) 9 (45%) 2.57 (0.03–206.48) 0.50

IL-10 RS1800872 Genotype

CC 2 (4%) 1 (5%) 0.79 (0.04–49.13) 0.85

AC 23 (46%) 8 (40%) 1.28 (0.39–4.27) 0.65

AA 25 (50%) 11 (55%) 0.82 (0.25–2.62) 0.71

Allele

C 25 (50%) 9 (45%) 1.22 (0.38–3.98) 0.71

A 48 (96%) 19 (95%) 1.26 (0.02–25.53) 0.85

IL-10 RA RS3135932 Genotype

AA 27 (54%) 12 (60%) 0.78 (0.23–2.52) 0.65

AG 20 (40%) 7 (35%) 1.24 (0.38–4.33) 0.70

GG 3 (6%) 1 (5%) 1.21 (0.09–66.97) 0.87

Allele

A 47 (94%) 19 (95%) 0.82 (0.01–11.06) 0.87

G 23 (46%) 8 (40%) 1.28 (0.39–4.27) 0.65

(Continued)
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Table 2 (Continued). 

IBD (n=50) Controls (n=20) OR (95% CI) p-value

IL-10RB RS2834167 Genotype

AA 29 (58%) 12 (60%) 0.92 (0.27–2.98) 0.88

AG 18 (36%) 8 (40%) 0.84 (0.26–2.86) 0.75

GG 3 (6%) 0 (0%) NA 0.26

Allele

A 47 (94%) 20 (100%) 0 (0–3.21) 0.26

G 21 (42%) 8 (40%) 1.09 (0.33–3.65) 0.88

IL-6 RS10499563 Genotype

CC 0 (0%) 2 (10%) 0 (0–0.74) 0.02

CT 18 (36%) 1 (5%) 10.69 (1.41–468.22) 0.008

TT 32 (64%) 17 (85%) 0.31 (0.05–1.33) 0.08

Allele

C 18 (36%) 3 (15%) 3.19 (0.75–18.98) 0.08

T 50 (100%) 18 (90%) NA 0.02

IL-6R RS4537545 Genotype

CC 15 (30%) 11 (55%) 0.35 (0.11–1.16) 0.05

CT 26 (52%) 7 (35%) 2.01 (0.61–6,96) 0.20

TT 9 (18%) 2 (10%) 1.97 (0.35–20.42) 0.41

Allele

C 41 (82%) 18 (90%) 0.51 (0.05–2.84) 0.41

T 35 (70%) 9 (45%) 2.85 (0.86–9.53) 0.05

Table 3 Logistic Regression Analysis of the Association Between Studied 
SNP’s and the Risk of IBD

OR SE 95% CI p-value

IL-10 RS3024505 TT 0.39 0.56 0.23–6.51 0.51

CT 1

CC 1.12 0.60 0.39–3.21 0.82

IL-10 RS1800872 CC 0.79 0.99 0.07–9.26 0.85

AC 1.28 0.69 0.44–3.66 0.65

AA 0.81 0.43 0.29–2.32 0.71

(Continued)
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RS10499563 and the risk of ulcerative colitis (OR 13.41; 95% CI 1.58–114.26; p = 0.02), but not Crohn’s disease (OR 
7.60; 95% CI 0.82–70.16; p = 0.07).

In our group of patients, we did not find any association between the studied SNP’s and the risk of IBD onset below 
10 years of age (Supplementary Table 1). None of the SNP’s were associated with the need to use any anti-tumor necrosis 
factor (anti-TNF) drugs or steroids within the follow-up period (Supplementary Tables 2 and 3).

Discussion
This study, for the first time, revealed an association between the genotype CT of IL-6 RS10499563 and the risk of 
ulcerative colitis. The distribution of genotypes at IL-10 RS3024505, IL-10 RS1800872, IL-10RA RS3135932, IL-10RB 
RS2834167, and IL-6R RS4537545 did not differ significantly between the children with IBD and the control group. 
There was no association between the studied polymorphisms of Interleukin-10, IL-10 receptor, and IL-6 receptor genes 
and the risk of IBD. This may reflect the general concept of IBD pathogenesis, assuming the contribution of various 
environmental factors and genetic susceptibility to IBD development.

Contrary results were reported by Bank et al in a Danish cohort of patients with IBD. In this study, there was no 
association between IL-6 RS10499563 and the risk for IBD.16 However, in the previous studies among patients with IBD 
the significance of IL-6 RS10499563 in predicting treatment response has been evaluated.15,19,20 Salvador-Martin et al 
found that this variant of the IL-6 gene was significantly associated with a response to anti-tumor necrosis factor (anti- 
TNF) drugs in children with Crohn’s disease.20 Moreover, the C allele in the IL-6 (RS10499563) was associated with 
supratherapeutic trough levels of infliximab (>7ug/mL) and was predictive of a longer response time to anti-TNF 
therapy20 in children with Crohn’s disease.19,20 Similar observations were reported in an adult population of patients 
with IBD. Variant RS10499563 was associated with a beneficial response to anti-TNF treatment in adults with ulcerative 
colitis and in IBD in general.15 These findings may imply a significant impact in the development of a personalized 
treatment approaches tailored to individuals with IBD.

Although the association between the IL-6 RS10499563 and the risk of IBD has not been widely explored, another 
polymorphism in IL-6 gene was found to be strongly related to IBD. A recent meta-analysis of nine studies including 
1249 cases and 2804 controls showed a significant association between IL-6 RS1800795 and the risk of IBD in the 
general population and Caucasians.21

Table 3 (Continued). 

OR SE 95% CI p-value

IL-10RA RS3135932 AA 0.78 0.42 0.27–2.23 0.65

AG 1.24 0.68 0.42–3.64 0.70

GG 1.21 1.43 0.11–12.40 0.87

IL-10RB RS2834167 AA 0.92 0.50 0.32–2.64 0.88

AG 0.84 0.46 0.29–2.45 0.75

GG 1

IL-6 RS10499563 CC 1

CT 10.69 11.40 1.31–86.59 0.03

TT 0.31 0.22 0.08–1.22 0.09

IL-6R RS4537545 CC 0.35 0.19 0.12–1.02 0.06

CT 2.01 1.10 0.69–5.88 0.20

TT 1.98 1.64 0.39–10.08 0.41

Abbreviations: OR, odds ratio; SE, standard error; CI, confidence interval.
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In our study, we did not demonstrate an association between the other analyzed SNPs; however, in the current 
literature, there are research studies reporting the relationship among these polymorphisms and IBD susceptibility.

Lin et al presented that two IL-10 SNP’s RS1800872 and RS3024496, and SNP’s in IL-10 pathway genes ie, IL-10RA 
RS3135932 and IL-10RB RS2834167 were not associated with pediatric IBD.18 The only polymorphism associated with IBD 
was IL-10 RS3024496 (OR 1.487; 95% CI 1.055–2.099; p = 0.022).18 However, the epistasis analysis detected interactions 
between two SNP’s in the IL-10 gene ie, RS1800872 and RS3024496, and between SNP’s in IL-10 RS1800872, IL-10 
RS3024496 and IL-10RA RS3135932, that are associated with an increased risk of IBD in childhood.18

In a Danish case–control study performed among adults with IBD, it has been also demonstrated that the poly-
morphism IL-10 RS3024505 increased the risk of ulcerative colitis (OR 1.43; 95% CI 1.12–1.82; p = 0.004) and Crohn’s 
disease (OR 1.40; 95% CI 1.06–1.85; p = 0.02).17 The risk of IBD was not associated with IL-10 RS1800872, IL-10 
RS1800871 or IL-10 RS1800896.17

Moreover, a variant of IL-6R RS4537545 was identified as a susceptibility polymorphism for Crohn’s disease (OR: 
1.73, 95% CI: 1.12–2.66, p = 0.01).16

A possible explanation for the inconsistency between the studies on the genetic polymorphisms linked to the 
susceptibility of IBD may be heterogeneity of studied groups. This may also be a consequence of various magnitude 
effects of environmental factors on IBD development in different populations.

Our study has several limitations including a relatively small sample size and homogenous group of patients that may 
affect the findings of genotype–phenotype relationships in this group of patients. This limitation hinders the general-
izability of our results and confines extrapolation of our results to other populations. Moreover, it should be highlighted 
that genetic polymorphisms contribute to the susceptibility for inflammatory bowel disease. However, the development of 
inflammatory bowel disease results from a complex interplay between genetic and environmental factors. The lack of 
data on exposure to various environmental factors in our study group limits the ability to explore interactions between 
genetic polymorphisms and environment underlying the development of IBD. Future studies should incorporate analysis 
of gene-environment links in pediatric IBD.

Conclusion
To conclude, our study revealed an association between the genotype CT of IL-6 RS10499563 and the development 
of ulcerative colitis. However, further research is needed to validate replication of our findings in other populations 
of patients with IBD. Interleukin-6 is a central cytokine involved in promoting and sustaining chronic intestinal 
inflammation.22 Thus, it appears that the IL-6 signaling pathway should be considered as a therapeutic target for 
pediatric IBD. Recent studies have shown that IL-6 trans-signaling mode, via IL-6, and its soluble receptor IL-6R, 
and two molecules of the transmembrane protein gp130 acting as the signal transducer, plays a primary role in 
orchestrating gut inflammation.22–24 Until now, a growing body of evidence suggests the efficacy of blockade of IL- 
6 trans-signaling in adults with IBD.23,24 However, further studies are required to explore the interplay between 
genetic susceptibility and environmental factors in the development of IBD and genotype–phenotype associations in 
patients with IBD.
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