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Summary (Word count: 250) 

Background:Anti-tumor necrosis factor-α (TNF-α) is used for the treatment of severe cases of 

inflammatory bowel diseases (IBD), including Crohn’s disease (CD) and ulcerative colitis (UC). 

However, one-third of the patients do not respond to the treatment. We have previously investigated 

whether single nucleotide polymorphisms (SNPs) in genes involved in inflammation were 

associated with response to anti-TNF therapy among patients with CD or UC.  

Aim:A new cohort of patients was established for replication of the previous findings and to 

identify new SNPs associated with anti-TNF response. 
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Methods:Fifty-three SNPs assessed previously in cohort 1 (482CD and 256UC patients) were 

genotyped in cohort 2 (587CD and 458UC patients). The results were analyzed using logistic 

regression (adjusted for age and gender). 

Results:Ten SNPs were associated with anti-TNF response either among patients with CD 

(TNFRSF1A(rs4149570)(OR:1.92,95%CI:1.02-3.60,p=0.04), 

IL18(rs187238)(OR:1.35,95%CI:1.00-1.82,p=0.05), and JAK2(rs12343867)(OR:1.35,95%CI:1.02-

1.78,p=0.03)), UC (TLR2(rs11938228)(OR:0.55,95%CI:0.33-0.92,p=0.02), 

TLR4(rs5030728)(OR:2.23,95%CI:1.24-4.01,p=0.01) and (rs1554973)(OR:0.49,95%CI:0.27-

0.90,p=0.02), NFKBIA(rs696)(OR:1.45,95%CI:1.06-2.00,p=0.02), and 

NLRP3(rs4612666)(OR:0.63,95%CI:0.44-0.91,p=0.01)) or in the combined cohort of patient with 

CD and UC (IBD) (TLR4(rs5030728)(OR:1.46,95%CI:1.01-2.11,p=0.04) and 

(rs1554973)(OR:0.80,95%CI:0.65-0.98,p=0.03), NFKBIA(rs696)(OR:1.25,95%CI:1.01-

1.54,p=0.04), NLRP3(rs4612666)( OR:0.73,95%CI:0.57-0.95,p=0.02), 

IL1RN(rs4251961)(OR:0.81,95%CI:0.66-1.00,p=0.05), IL18(rs1946518)(OR:1.24,95%CI:1.01-

1.53,p=0.04), and JAK2(rs12343867)(OR:1.24,95%CI:1.01-1.53,p=0.04)). 

Conclusion:The results support that polymorphisms in genes involved in the regulation of the 

NFκB pathway (TLR2, TLR4, and NFKBIA), the TNF-α signaling pathway (TNFRSF1A), and other 

cytokine pathways (NLRP3, IL1RN, IL18, and JAK2) were associated with response to anti-TNF 

therapy. Our multi-SNP model predicted response rate of more than 82% (in 9% of the CD patients) 

and 75% (in 15% of the UC patients), compared to 71% and 64% in all CD and UC 

patients,respectively. More studies are warranted to predict response for use in the clinic. 

 

 

 

 

Introduction 

Inflammatory bowel diseases (IBD), including Crohn’s disease (CD) and ulcerative colitis (UC), are 

characterized by a dysregulated inflammatory response 1. The diseases can be of great importance 

to the affected persons - in terms of reduced quality of life - and for the society - in terms of cost of 

lost labour due to sickness, treatment and medicine. Anti-tumor necrosis factor-α (anti-TNF) are 

therapeutic antibodies that block the binding of the pro-inflammatory cytokine tumor necrosis 

factor-α (TNF-α) to its receptors and limit downstream cell signaling pathways 2. Anti-TNF can 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

also lead to apoptosis by binding to transmembrane TNF-α 3-5. Anti-TNF is used for the treatment 

of severe cases of IBD, but approximately one-third of the patients benefit minimally or not at all 

from the treatment 6,7

Pathogen-Associated Molecular Patterns (PAMPs) such as bacterial or viral DNA, flagellin or 

lipopolysaccharide (LPS) can bind to the membrane-bound Toll-like receptors (TLRs) leading to 

increased inflammation mediated by increased synthesis of a number of pro-inflammatory cytokines. 

PAMPs bound by the TLRs initiate a kinase cascade. This kinase cascade ultimately activates the 

IKK-complex, which phosphorylates and degrades the NFκB inhibitor IκBα 

. 

8. The released NFκB 

is shuttled from the cytosol to the nucleus where it acts as a transcription factor which initiates 

expression of pro- and anti-inflammatory cytokines 9. One of the pro-inflammatory cytokines 

activated by NFκB is TNF-α, which feedback stimulates NFκB by binding to TNF receptors 

(TNFR1 or TNFR2) resulting in a kinase cascade similar to, but distinct from, the canonical 

pathway induced by TLRs 8

PAMPs may also be recognized by Nod-like receptors (NLRs), which are intracellular receptors. 

. 

NLRP3 is a subunit of the inflammasome protein complexes and can activate pro- IL-1β and IL-18 

which in turn can activate the synthesis of other cytokines 10,11

By using a candidate gene approach of biological functional single nucleotide polymorphisms 

(SNPs) in selected pathways we have previously identified SNPs in genes involved in inflammation 

associated with response to anti-TNF therapy among patients with CD or UC 

. 

12,13. We have now 

established a new cohort of patients with CD or UC treated with anti-TNF. The aim of the present 

study was to replicate our previous results in the new cohort, and to identify new SNPs associated 

with anti-TNF response using the increased statistical power of the combined cohort. The 

replication of the results in independent cohorts 

 

is the first step on the road to identify the biological 

pathways underlying treatment response and to develop algorithms predicting treatment effect for 

use in the clinic. 

 

 

Materials and Methods 

 

Cohort  
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This study was a replication of a previous study consisting of 482 CD and 256 UC Danish patients 

treated with anti-TNF (cohort 1) 12,13. For this study, a replication cohort (cohort 2) of anti-TNF 

treated Danish patients with CD or UC was established. The cohort 2 was established using the 

same approach as was used for establishing cohort 1 12,13. Screening for Mycobacterium 

tuberculosis (TB) infection is routinely performed in Denmark before initiation of treatment with 

anti-TNF treatment. For the cohort 2, left over blood clots after whole blood analysis for TB were 

collected from 01.09.2009 to 31.01.2014 from patients screened for tuberculosis at Statens Serum 

Institut (Copenhagen, Denmark); the Department of Respiratory Diseases B and the Department of 

Clinical Microbiology, Aarhus University Hospital (Aarhus, Denmark); the Department of Clinical 

Biochemistry, Herlev and Gentofte Hospital (Hellerup, Denmark); the Department of Biochemistry, 

Hospital of Lillebaelt (Vejle, Denmark); and the Department of Biochemistry, Hospital of Slagelse 

(Slagelse, Denmark). Patients with intestinal diseases (ICD-10 code K50-K63) were identified by 

linking the unique personal identification number of Danish citizens (CPR-number) from each 

blood sample with the National Patient Registry. Patient records from 23 medical departments were 

examined and 587 CD and 458 UC patients treated with anti-TNF were identified. Figure 1 shows 

how cohort 2 was established. Patients on infliximab were routinely treated intravenously at the 

hospital whereas adalimumab was self-administered by the patients 14,15

In this retrospective study treatment efficacy was assessed using the simple clinical 3-step scale 

. 
16-20

The medical doctors reviewing the patient records regarding treatment response to anti-TNF were 

blinded to genotyping results. Clinical and demographic characteristics of the patients with CD, UC, 

and IBD for the combined cohort (cohort 1 and 2 combined) are shown in Table 1, and data for 

cohort 1 and cohort 2 are shown in Supporting Table 1 and 2, respectively. 

 

reflected the best response within 26 weeks after initiation. Patients with CD or UC with luminal 

disease were categorised as having: (A) no response, meaning no improvement or worsening of 

symptoms; (B) partial response, meaning some improvement of symptoms or reduction of steroid 

dose without worsening of symptoms; (C) response, meaning absence or almost absence of all 

clinical symptoms without increasing the steroid dose. Patients with fistulising CD were categorised 

as having: (A) no response, meaning no improvement or worsening of symptoms; (B) partial 

response, meaning reduced secretion or discomfort from fistulas or closure of one or some of the 

fistulas; (C) response, meaning closure of all fistulas evaluated by thumb pressure or no secretion. 

 

Genotyping 
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Biologically functional SNPs in genes involved in the NFκB, the TNF-α, and other cytokine 

pathways previously assessed in cohort 1 were genotyped in cohort 2 12,13. Most of the SNPs 

assessed have previously been examined by luciferase assay, enzyme-linked immunosorbent assay 

(ELISA), reverse transcriptase PCR, electrophoretic mobility shift assay (EMSA) or in flow 

cytometry assay to have a biological function which either increased or reduced gene activity 12,13. 

A list of all SNPs studied, and the genotype distribution among patients with CD, UC, and IBD are 

presented in Supporting Table 3-5, respectively. Minor allele frequencies are presented in 

Supporting Table 6. DNA extraction (Maxwell 16 LEV Blood DNA Kit; Promega, Madison, WI, 

USA) was performed as described by Bank et al. 21

 

. Competitive Allele-Specific Polymerase chain 

reaction (KASP™), an end-point PCR technology, was used by LGC Genomics for genotyping 

(LGC Genomics, Hoddesdon, United Kingdom) (http://www.lgcgenomics.com/). As a quality 

control, all SNPs were replicated in 192 randomly selected samples (two 96-well plates minus two 

negative controls), yielding >99% identical genotypes. The average call rate for all SNPs was > 

97%. 

Power calculations  

The Genetic Power Calculator was utilized for power analysis of discrete traits 22

The cohort 1, cohort 2, and the combined cohorts had more than 80% chance of detecting a 

dominant effect with an odds ratio (OR) of 1.5, 1.4, and 1.3, respectively. 

. The ‘high-risk 

allele frequency’ was set to 0.10, ‘prevalence’ was set to 0.33, D-prime was set to 1, type I error 

rate was set to 0.05, and number of cases and control:case (responders:non&partial-responders) 

ratio was based on the actual distributions in the study group (found in Table 1).  

 

Statistical analysis 

Logistic regression adjusted for age at treatment and gender was used to compare genotypes 

between (a) responders versus non-responders; (b) responders versus non- and partial-responders to 

anti-TNF therapy among patients with CD, UC, and IBD (Supporting Table 7 and 8, respectively). 

Odds ratio unadjusted (crude) and adjusted for age at treatment, gender and smoking status between 

(a) responders versus non-responders; (b) responders versus non- and partial-responders to anti-

TNF therapy among patients with CD, UC, and IBD were included in Supporting Table 9-12. A 

summary of SNPs associated with response to anti-TNF therapy and the biological effect of the 

studied SNPs are shown in Table 2.  
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A chi-square test or unpaired t-test was used to test for statistically significant difference in 

response between patients with CD and UC and for difference in secondary parameters (gender, age, 

location, smoking, concomitant medication, CRP, and F-cal) between responders and non-

responders (Table 1) and for haplotype analysis (Supporting Table 13-15). 

Statistical analyses were performed using STATA 15 (StataCorp LP, College Station, TX, USA). 

 

 

 

 

Results  

 

Study population  

The clinical and demographic characteristics of the anti-TNF treated patients with CD (482 and 587 

from cohort 1 and 2, respectively) and UC (256 and 458 from cohort 1 and 2, respectively) as well 

as CD and UC combined (IBD) are shown in Table 1. The percentage of of patients treated with 

infliximab, and adalimumab were 87%, and 13%, respectively. In the combined cohort, more 

females (16%) than males (9%) were non-responders among patients with CD (OR: 1.92, 95% CI: 

1.31-2.82, p = 0.001). Young age at treatment was associated with beneficial response (p = 0.0007) 

among patients with CD. Never smoking was associated with beneficial response (OR: 2.27, 95% 

CI: 1.29-3.99, p = 0.005) among patients with CD. 

Furthermore, the rate of non-response was higher among patients with UC than CD (23% (167 

patients) and 13% (140 patients), respectively (OR: 1.98, 95% CI: 1.54-2.55, p = 0.0001)). 

 

Polymorphisms associated with response in CD 

In the combined cohort (cohort 1 and cohort 2 combined), the homozygous variant genotype of 

TNFRSF1A -609 G>T (rs4149570) (OR: 1.92, 95% CI: 1.02-3.60, p = 0.04) and the combined 

homozygous and the heterozygous variant genotypes of IL18 -137 G>C (rs187238) (OR: 1.35, 95% 

CI: 1.00-1.82, p = 0.047) and JAK2 T>C (rs12343867) (OR: 1.35, 95% CI: 1.02-1.78, p = 0.03) 

were associated with beneficial response among patients with CD (Supporting Table 7 and 8). 

 

Polymorphisms associated with response in UC 
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In the combined cohort, the homozygous variant genotype of TLR2 C>A (rs11938228) (OR: 0.55, 

95% CI: 0.33-0.92, p = 0.02) and TLR4 T>C (rs1554973) (OR: 0.49, 95% CI: 0.27-0.90, p = 0.02) 

and the combined homozygous and the heterozygous variant genotypes of NLRP3 C>T (rs4612666) 

(OR: 0.63, 95% CI: 0.44-0.91, p = 0.01) were associated with non-response among patients with 

UC. The homozygous variant genotype of TLR4 G>A (rs5030728) (OR: 2.23, 95% CI: 1.24-4.01, p 

= 0.01) and the combined homozygous and the heterozygous variant genotypes of NFKBIA 2758 

G>A (rs696) (OR: 1.45, 95% CI: 1.06-2.00, p = 0.02) were associated with beneficial response 

among patients with UC (Supporting Table 7 and 8). 

 

Polymorphisms associated with response in CD and UC combined (IBD) 

In the combined cohort, the homozygous variant genotype of TLR4 G>A (rs5030728) (OR: 1.46, 

95% CI: 1.01-2.11, p = 0.04) and the combined homozygous and the heterozygous variant 

genotypes of NFKBIA 2758 G>A (rs696) (OR: 1.25, 95% CI: 1.01-1.54, p = 0.04), JAK2 T>C 

(rs12343867) (OR: 1.24, 95% CI: 1.01-1.53, p = 0.04) and IL18 -607 C>A (rs1946518) (OR: 1.24, 

95% CI: 1.01-1.53, p = 0.04) were associated with beneficial response among patients with IBD. 

The combined homozygous and the heterozygous variant genotypes of TLR4 T>C (rs1554973) (OR: 

0.80, 95% CI: 0.65-0.98, p = 0.03), NLRP3 C>T (rs4612666) (OR: 0.73, 95% CI: 0.57-0.95, p = 

0.02) and IL1RN T>C (rs4251961) (OR: 0.81, 95% CI: 0.66-1.00, p = 0.049) were associated with 

non-response among patients with IBD (Supporting Table 7 and 8). 

SNPs associated with anti-TNF response in CD, UC, or IBD patients and the biological 

interpretation of the associations are summarized in Table 2. A forest plot of the SNPs associated 

with anti-TNF response in CD, UC, or IBD patients is shown in Figure 2. 

 

Haplotype analysis 

Haplotype analysis of TLR2, TLR4, and IL1B are shown in Supporting Table 13-15, respectively. 

No associations were found in the haplotype analysis. 

 

Predictive value  

Sensitivity, specificity, positive (PPV) and negative predictive value (NPV) for risk sum (number of 

alleles) of the SNPs associated with drug response in CD or UC in the combined cohort is shown in 

Table 3 and 4, respectively. For CD, patients with a risk sum of 5 or 4-5 had a chance of 94% 

(16/17) and 82% (75/92), respectively, for being responders to anti-TNF treatment compared to 
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71% (760/1069) for all CD patients. This value applied to 2% (17/1069) and 9% (92/1069) of the 

CD patients, respectively. Similarly, for UC, patients with a risk sum of 0 or 0-2 had a chance of 

89% (8/9) and 75% (79/105) for being responders to anti-TNF treatment compared to 64% (459/714) 

for all UC patients. This value applied to 1% (9/714) and 15% (105/714) of the UC patients, 

respectively. 

 

 

 

Discussion 

 

In this combined study (cohort 1 and 2 combined) 10 of the 53 SNPs assessed in the NFκB pathway 

(TLR2 (rs11938228), TLR4 (rs5030728 and rs1554973), and (NFKBIA (rs696)), the TNF-α pathway 

(TNFRSF1A (rs4149570)), and other pro-inflammatory pathways (IL1RN (rs4251961), IL18 

(rs1946518 and rs187238), NLRP3 (rs4612666), and JAK2 (rs12343867)), were associated with 

response to anti-TNF among patients with CD or UC. In this combined study 3 of the 15 SNPs 

associated with response after adjusting for age and gender in our previous studies of cohort 112,13 

were replicated (TLR4 (rs5030728 and rs1554973) and TNFRSF1A (rs4149570)). Associations with 

response to anti-TNF have previously been found for the TLR2 (rs11938228), IL1RN (rs4251961), 

IL18 (rs1946518), and JAK2 (rs12343867) SNPs in unadjusted analysis or when adjusting for age, 

gender and smoking 12,13

Based on our results we made a predictive model of response to anti-TNF, where we summarised 

the number of alleles (risk sum) of the SNPs associated with response in CD or UC (Table 3-4, and 

Supporting Figure 1-2). Although our predicitive model has limited clinical value as it is, it shows a 

clear trend of treatment response associated with allele count (risk sum) in the polygenetic 

predictive model in both cohort 1 and cohort 2, and in both CD and in UC patients (Supporting 

Table 16-19 and Supporting Figure 3-6). This indicates that with increasing number of SNPs 

associated with response used in the predictive model and with increasing number of patients 

included, that a clinical useful predictive model for anti-TNF treatment may be achieveable. 

 with the odds ratio in the same direction as in this study of cohort 1 and 2 

combined and adjusted for age and gender. Finally, novel associations were found in the NFκB 

pathway (NFKBIA (rs696)) and in other pro-inflammatory pathways (NLRP3 (rs4612666) and IL18 

(rs187238)). 
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Hypothesis-free genome wide association studies (GWAS) and the establishment of more cohorts of 

anti-TNF treated patients is warranted to adequately predict response to anti-TNF for clinical use.  

Genetic studies of other diseases like breast cancer also started out with including a low number of 

patients and identifying few susceptibility SNPs. Now with incrieasing numbers of patients 

included in the studies and a change of focus from single SNP to creating algorithms including 

multiple susceptibility SNPs the models are increasingly getting value for clinical application 23

Most of the SNPs assessed in our study have known biological effects thus allowing a biological 

interpretation of the observed associations based on increased or reduced gene activity as 

summarized in Table 2 and illustrated in Figure 3 

. 

12,13,16,17,24-32. Among patients with CD, the 

association observed for the TNFRSF1A (rs4149570) polymorphism indicates that increased 

expression of the TNF-α receptor 1 33, and thus increased activity of the TNF-α pathway, was 

associated with beneficial response. Furthermore, the association observed for the IL18 (rs187238) 

polymorphism indicates that increased IL-18 expression 34,35 was associated with non-response. In 

addition, the association observed for the JAK2 (rs12343867) polymorphism indicates that 

increased JAK2 expression 36 was associated with non-response. The JAK2 kinase interacts with 

many different membrane receptors including the IFNG, IL12, and IL23 receptor 37,38

Among patients with UC, the association observed for the NFKBIA (IκBα) (rs696) polymorphism 

indicates that reduced NFKBIA expression 

. The 

associations for the IL18 (rs187238) and the JAK2 (rs12343867) polymorphisms both indicate that 

genetically determined high activity of other cytokine pathways may be able to maintain the 

inflammation even after anti-TNF therapy and result in non-response. 

39 was associated with non-response. IκBα acts as an 

inhibitor of the transcription factor NFκB which can activate many pro-inflammatory cytokines 

including IL-1β 9

The polymorphisms in TLR2 (rs11938228) and TLR4 (rs5030728 and rs1554973) associated with 

response among patients with UC have unknown biological effect but they underscore the 

importance of the NFκB pathway in response to anti-TNF therapy 

. Thus, reduced activity of IκBα increases the activity of other cytokine pathways. 

Again, as among patients with CD, it could be speculated that high activity of other pro-

inflammatory cytokines may be able to maintain the inflammation even after anti-TNF therapy and 

result in non-response. 

40

Furthermore, the association observed for the NLRP3 (rs4612666) polymorphism indicates that 

increased NLRP3 expression 

. 

41 was associated with beneficial response. NLRP3 is involved in the 

inflammasome complex which can activate pro-IL-18. This may seem contradictory to the other 
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results in this study which indicates that increased IL-18 activity was associated with non-response. 

However, NLRP3 can also stimulate apoptosis as well as pyroptosis through activation of 

caspases 42,43. Anti-TNF can induce apoptosis 3-5 and it could be speculated, that anti-TNF has a 

better effect among patients, whose pro-inflammatory secreting cells are genetically determined 

more prone for programmed cell death. In addition, the NLRP3 (rs4612666) polymorphism has also 

been found to be associated with anti-TNF therapy among patients with rheumatoid arthritis 26

In the combined cohort of patient with CD and UC (IBD), the same polymorphisms associated with 

response in CD (JAK2 (rs12343867)) and UC (NFKBIA (rs696), TLR4 (rs5030728 and rs1554973) 

and NLRP3 (rs4612666)) were found. Furthermore, the association observed for the IL18 

(rs1946518) polymorphism indicates that increased IL-18 expression 

.  

34,35,44 was associated with 

non-response. As for the other polymorphism in IL18 (rs187238), associated with response to anti-

TNF among patient with CD, it could be speculated that genetically determined high activity of the 

IL18 pathway may be able to maintain the inflammation even after anti-TNF therapy and result in 

non-response. In addition, the association observed for the IL1RN (rs4251961) (IL-1 receptor 

antagonist (IL-1RA) polymorphism indicates that reduced IL-1RA level 45 was associated with non-

response. IL-1RA can bind to the IL-1β receptor and thereby inhibit IL-1β signaling 45. It could be 

speculated that genetically determined high activity of the IL-1β pathway may be able to maintain 

the inflammation even after anti-TNF therapy and result in non-response. This interpretation is 

supported by another study which has reported an association between the C-allele of rs1143634 in 

IL1B and higher serum IL-1β level and a lower response rate to anti-TNF therapy among patients 

with CD 46

The results of this study should be interpreted with caution and should be evaluated in other cohorts 

of anti-TNF treated patients. In the light of the obtained P-values and the number of statistical tests 

performed, we cannot exclude that some of our positive findings may be due to chance (type I error). 

However, the direction of the odds ratio in all the 10 SNPs associated with response was biological 

plausible when interpretated based on the alleles effect on increased or reduced gene activity which 

is very unlikely if they were all chance findings (p = 0.001). We cannot exclude that associations 

were not identified due to insufficient statistical power. One of the SNPs associated with response 

in the cohort 1 study but not in this study was the IL6 (rs10499563) polymorphism where the 

combined homozygous and the heterozygous variant genotypes were borderline associated with 

. It could be speculated that some patients who do not respond to anti-TNF therapy may 

have effect of IL-1β inhibitors or perhaps a combination treatment with anti-TNF and IL-1β 

inhibitors. 
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beneficial response among patients with IBD (OR: 1.31, 95% CI: 0.99-1.71, p = 0.05). The variant 

allele has been shown to reduce IL-6 expression 47

A major strength of this study was that this clinically homogeneous and well-characterized cohort 

was rather large including 1783 patients with IBD treated with anti-TNF which gives the cohort 

study more than 80% power to detect an odds ratio of 1.3 assuming a minor allele frequency of 0.10. 

Furthermore, the found associations were biologically plausible. In addition, it is well-known that 

patients recruited to clinical trials are selected and may not represent “real” patients. This study 

collected clinical data from patients at 23 large gastroenterological centers at basic and specialized 

hospitals in Denmark. Thus, the patients are representative of Danish patients with severe IBD. 

Althought the collection of patients from the clinical setting may give an advantage in that the 

results may be readily transferable to the clinical setting, a drawback may be the definition of 

response which may be challenging. In this study, we have used the simple clinical 3-step scale to 

assess response, which has been used in other studies as well and it has turned out to be useful 

 which would indicate that patients with 

genetically determined high IL-6-driven inflammatory response were more likely to be non-

responders to anti-TNF therapy. This supports that the activity of other cytokines than TNF-α are 

important predictors for the response to anti-TNF therapy.  

16-20

In conclusion, the results indicate that polymorphisms in genes involved in the regulation of the 

NFκB pathway (TLR2, TLR4, and NFKBIA), the TNF-α signaling pathway (TNFRSF1A), and other 

cytokine pathways (NLRP3, IL1RN, IL18, and JAK2) were associated with response to anti-TNF 

therapy. Overall, the associations in TNFRSF1A, IL1RN and IL18 indicate that patients with 

genetically determined high TNF-driven inflammatory response are most likely to benefit from anti-

TNF therapy while patients with genetically determined high IL-1β or IL-18-driven inflammatory 

response seem to be less likely to benefit from anti-TNF therapy, perhaps because these cytokines 

may be able to maintain the inflammation even after anti-TNF therapy and thus result in non-

response. More studies including larger cohorts and using genome-wide analysis are warranted to 

develop genetic biomarkers to predict response to anti-TNF for use in the clinic.  

. 

Another strength is that a high compliance was ensured in this study as 87% of the patients were 

treated with infliximab which is administered intraveneously at the hospital. 

 

 

 

 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

Acknowledgements  

We thank Department of Medicine, Viborg Regional Hospital, Denmark and OPEN (Odense Patient 

data Explorative Network), Odense University Hospital, Denmark for supporting this work. We 

also thank the librarians at Viborg and Aabenraa Hospital, Denmark for their support. 

We thank our colleges in The Danish IBD Genetics Working Group who have made a significant 

contribution to establishing the cohorts. 

 

The Danish IBD Genetics Working Group 

Ann Christina Bergmann1, Paal Skytt Andersen2,3, Shaista Rashid4, Britta Ørnfelt Lund5, Britt 

Kaiser Rasmussen6, Sara Avlund6, Marie Ødum Nielsen7, Eva Karolina Nilsdotter Bramstång8, 

Anja Poulsen9, Ditte Rudbeck-Resdal6, Luise Aamann6, Maria Joanna Alexandraki10, Ali 

Foroutani10, Line Molzen11, Anders Hatrop12, Charlotte Siggaard Rittig13,  Elisabeth Stenbøg13, Nora 

Elisabeth Hedbäck14, Rasmus Gaardskaer Nielsen15, Frank Vinholt Schiødt16, Katrine Carlsen17, 

Ram Benny Dessau18,21, Hans Jürgen Hoffmann19, Bjørn Andersen Nexø20 and Jacob Sode

 

21,22,,23 

1Focused Research Unit for Molecular Diagnostic and Clinical Research, Hospital of Southern 

Jutland, Aabenraa, Denmark. 
2Microbiology and Infection Control, Statens Serum Institut, Copenhagen, Denmark;  
3Veterinary Disease Biology, University of Copenhagen, Copenhagen Denmark; 
4Medical Department, Bispebjerg Hospital, Bispebjerg, Denmark; 
5Medical Department, Horsens Hospital, Horsens, Denmark; 
6Department of Hepatology and Gastroenterology, Aarhus University Hospital, Aarhus, Denmark 
7Medical Department, Nykøbing Falster Hospital, Nykøbing Falster, Denmark; 
8Medical Department, Nordsjællands Hospital, Frederikssund, Denmark; 
9Department of Gastroenterology, Hvidovre Hospital, Hvidovre, Denmark;  
10Medical Department, Viborg Regional Hospital, Viborg, Denmark; 
11Department of Gastroenterology, Herlev Hospital, Herlev, Denmark; 
12Medical Department, Slagelse Hospital, Slagelse, Denmark; 
13Pediatrics and Adolescent Medicine, Aarhus University Hospital, Denmark; 
14Medical Department, Frederikssund Hospital, Frederikssund, Denmark; 
15Hans Christian Andersen Children's Hospital, Odense University Hospital, Odense, Denmark; 
16Medical Department, Bornholm Hospital, Bornholm, Denmark; 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

17Department of Pediatrics, Hvidovre Hospital, Denmark 

18Department of Clinical Microbiology, Slagelse Hospital, Slagelse, Denmark 
19Department of Clinical Medicine, Aarhus University, & Department of Respiratory Diseases and 

Allergy, Aarhus University Hospital, Aarhus, Denmark; 
20Biomedicine, University of Aarhus, Aarhus, Denmark; 
21Institute of Regional Health Research, University of Southern Denmark, Odense, Denmark; 
22Department of Autoimmunology and Biomarkers, Statens Serum Institut, Copenhagen, Denmark; 
23

 

Department of Rheumatology, Frederiksberg Hospital, Frederiksberg, Denmark; 

Ethics Statement 

The study was conducted in accordance with the Declaration of Helsinki and was approved by the 

Regional Ethics Committees of Central (M20100153) and Southern (S-20120113) Denmark and the 

Danish Data Protection Agency of Central (RM: J. 2010-41-4719) and Southern (RSD: 2008-58-

035) Denmark. The Ethics Committees gave an exemption for obtaining written informed consent. 

 

Funding 

The work was funded by Health Research Fund of Central Denmark Region, Region of Southern 

Denmark, The A.P. Møller Foundation for the Advancement of Medical Science, The Colitis-Crohn 

Foreningen, Aase og Ejnar Danielsens Fond, Beckett-Fonden, Augustinus Fonden, The Danish 

Rheumatism Association (A1923, A3037, and A3570 - www. gigtforeningen.dk) and the University 

of Aarhus. 

 

Authorship Statement 

Guarantor: SB is the submission's guarantor. 

Author contributions: SB, ACB, PSA, ABB, SBS, JS, UBV and VA designed the research study 

and PSA, OKA, JB, JBB, NKP, AG, RA, DNR, CHG, SR, JG, DSHF, KL, ShR, BOL, BKR, SA, 

MON, EKNB, AP, MJ, DRR, LA, MJA, AF, LM, AH, CSR, ES, NEH, RGN, FS, KC, JS, LL, 

MRA, IB, RBD, HJH, BAN, MT and AG collected the materials. SB analysed the data and wrote 

the first draft. All authors approved the final version of the manuscript.  

 

Conflict of Interest:  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

Vibeke Andersen received compensation as a consultant for MSD (Merck) and Janssen, and as a 

member of the advisory board for MSD (Merck). Mette Julsgaard has served on the advisory board 

of Tillotts Pharma and Janssen, has received consultation fees from Ferring, and has received 

speaker’s fee from MSD, Ferring, UCB and Takeda. Katrine Carlsen had received a research grants 

from MSD and Tillotts pharma, Denmark. The other authors declare no conflicts of interest. 

 

Availability of data and material 

Data is stored at Odense Patient data Explorative Network (OPEN). Bona fide researchers can apply 

to use the dataset by applying to open.rsyd.dk. 

 

 

 

 

 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

Table 1: Clinical and demographic characteristics for the combined Danish cohort (cohort 1 and cohort 2 combined) for anti-tumor necrosis factor alpha (TNF-α) naïve patients with Crohn's disease, ulcerative 

colitis and inflammatory bowel disease treated with anti-TNF. 

 Crohn's disease (CD)    Ulcerative colitis (UC)    Inflammatory bowel disease (IBD)   

 

Characteristics  

 

Responders 

Non-

responders 

Non&Partial 

responders 

 

p

 

a
 

 

Responders 

Non-

responders 

Non&Partial 

responders 

 

p

 

a
 

 

Responders 

Non-

responders 

Non&Partial 

responders 

 

p

Efficacy - no (%)  

a
 

761 (71) 140 (13) 308 (29) -  459 (64) 167 (23) 255 (36) -  1220 (68) 307 (17) 563 (32) - 

               

Gender  - no (%)               

Male 356 (75) 44 (9) 117 (25)   221 (64) 77 (22) 122 (36)   577 (71) 121 (15) 239 (29)  

Female 405 (68) 96 (16) 191 (32) 8*10

^-4 

 238 (64) 90 (24) 133 (36) 0.72  643 (66) 186 (19) 324 (34) 0.06 

               

Age, years                

Age at treatment, median (range) 33 (3-79) 40 (16-77) 38 (15-77) 7*10

^-4 

 38 (4-84) 37 (15-81) 38 (7-81) 0.68  35 (3-84) 38 (15-81) 38 (7-81) 7*10

^-3 

               

Anti -TNF antibody treatment                

Infliximab 624 (82) 103 (74) 240 (78)   442 (96) 151 (90) 234 (92)   1066 (87) 254 (83) 474 (84)  

Adalimumab 135 (18) 36 (26) 67 (22) 0.03  11 (2) 16 (10) 21 (8) 3*10^

-4 

 146 (12) 52 (17) 88 (16) 0.01 

Golimumab 2 (0) 1 (0) 1 (0) -  6 (1) 0 (0) 0 (0) -  8 (1) 1 (0) 1 (0) - 

               

Loc ation - no (%)               

Ileal (L1)  198 (26) 47 (34) 84 (27) 0.08  - - - -  198 (26) 47 (34) 84 (27) 0.08 

Colonic (L2)  249 (33) 39 (28) 98 (32) 0.28  - - - -  249 (33) 39 (28) 98 (32) 0.28 

Ileocolonic (L3)  263 (35) 43 (31) 97 (31) 0.38  - - - -  263 (35) 43 (31) 97 (31) 0.38 

Data not available 51 (7) 11 (8) 29 (9) -  - - - -  51 (7) 11 (8) 29 (9) - 

               

Location - no (%)               

Proctitis (E1)  - - - -  83 (18) 33 (20) 48 (19) 0.64  83 (18) 33 (20) 48 (19) 0.64 

Left side (E2)  - - - -  144 (31) 56 (34) 83 (33) 0.63  144 (31) 56 (34) 83 (33) 0.63 

Extensive (E3)  - - - -  185 (40) 61 (37) 89 (35) 0.41  185 (40) 61 (37) 89 (35) 0.41 

Data not available - - - -  47 (10) 17 (10) 35 (14) -  47 (10) 17 (10) 35 (14) - 
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Smoking history, at treatment  

– no (%) 

              

Current smoker 192 (25) 37 (26) 85 (28) 0.83  32 (7) 6 (4) 11 (4) 0.13  224 (18) 43 (14) 96 (17) 0.24 

Former smoker 75 (10) 11 (8) 30 (10) 0.53  96 (21) 35 (21) 55 (22) 1.00  171 (14) 46 (15) 85 (15) 0.82 

Never smoker 163 (21) 15 (11) 44 (14) 0.01  91 (20) 35 (21) 52 (20) 0.82  254 (21) 50 (16) 96 (17) 0.22 

Data not available 331 (43) 77 (55) 149 (48) -  240 (52) 91 (54) 137 (54) -  571 (47) 168 (55) 286 (51)  

               

Concomitant medication  – no (%)               

Azathioprine 297 (39) 51 (36) 138 (45) 0.57  138 (30) 47 (28) 73 (29) 0.69  435 (36) 98 (32) 211 (37) 0.32 

5-aminosalicylates 54 (7) 12 (9) 21 (7) 0.60  178 (39) 72 (43) 105 (41) 0.36  232 (19) 84 (27) 126 (22) 0.01 

Glucocorticoids 228 (30) 57 (41) 118 (38) 0.01  228 (50) 87 (52) 128 (50) 0.65  456 (37) 144 (47) 246 (44) 0.02 

Methotrexate 21 (3) 4 (3) 11 (4) 1.00  5 (1) 1 (1) 2 (1) 0.69  26 (2) 5 (2) 13 (2) 0.60 

Antibiotics 35 (5) 12 (9) 28 (9) 0.06  20 (4) 11 (7) 16 (6) 0.30  55 (5) 23 (7) 44 (8) 0.11 

               

C-reactive protein (CRP) and F -

calprotectin – no (%) 

              

> 25% decrease in CRP within 22 

weeks. Baseline CRP > 20 mg/L 

167/169 

(99) 

15/24 

(63) 

47/58 

(81) 

7*10

^-8 

 84/84 

(100) 

15/28 

(54) 

27/42 

(64) 

1*10 

^-9 

 251/253 

(99) 

30/52 

(58) 

74/100 

(74) 

3*10

^-17 

> 25% decrease in F-cal within 22 

weeks. Baseline F-cal > 200 mg/kg 

158/163 

(97) 

13/20 

(65) 

44/56 

(79) 

4*10

^-5 

 106/108 

(98) 

13/24 

(54) 

29/45 

(64) 

5*10 

^-8 

 264/271 

(97) 

26/44 

(59) 

73/101 

(72) 

3*10

^-12 

a
p-values were calculated by comparing responders versus non-responders. 
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Table 2: Biological interpretation of the single nucleotide polymorphisms (SNPs) associated with anti-TNF response in Crohn's disease (CD), ulcerative colitis (UC) or inflammatory bowel 

disease (IBD) patients in the combined Danish cohort (cohort 1 and cohort 2 combined).  

Gene Rs-number  Pathway  Model  OR (95% CI) P-value  Effect of minor -allele  Biological interpretation  

Crohn's disease  (CD) 

TNFRSF1A  rs4149570 Cytokines TT vs GG 1.92 (1.02-3.60) 0.04 -609T increase expression in 

PBMC 

a
 

33

Increased TNF-α receptor 1 expression was associated with 

beneficial response. This indicates that genetically 

determined high TNF-driven inflammatory response was 

associated with beneficial response. 

  

IL18  rs187238 Cytokines 

 

GC vs GG 1.35 (1.00-1.82) 0.047 -137C reduce IL-18 level in 

serum 

b
 

34
 and expression in 

PBMC 
35

Reduced IL-18 expression was associated with beneficial 

response. This indicates that genetically determined high 

IL18-driven inflammatory response was associated with non-

response. 

 

JAK2 rs12343867 Cytokines TC or CC 

vs TT 

1.35 (1.02-1.78) 0.03 rs12343867C reduce expression 

in granulocytes and K562 cells 

b
 

36

Reduced JAK2 expression was associated with beneficial 

response. The JAK2 kinase interacts with many different 

membrane receptors including the IFNG, IL12, and IL23 

receptor 

 

37,38

Ulcerative colitis (UC)  

. This indicates that genetically determined high 

activity of other pro-inflammatory pathways was associated 

with non-response. 

TLR2  rs11938228 Pathogen 

recognition 

AA vs CC 0.55 (0.33-0.92) 0.02

 

b
 Unknown 

40
-  

TLR4  rs5030728 Pathogen 

recognition 

AA vs GG 2.23 (1.24-4.01) 0.01 Unknown 
b
 

40
-  

TLR4  rs1554973 Pathogen 

recognition 

CC vs TT 0.49 (0.27-0.90) 0.02 Unknown 
b
 

40
-  

NFKBIA  rs696 Pathogen 

recognition 

GA or AA 

vs GG 

1.45 (1.06-2.00) 0.02 2758A increase expression in 

HCT116, HT29 and SW480 

cells 

b
 

39

Increased NFKBIA expression was associated with 

beneficial response. IκBα acts as an inhibitor of the 

transcription factor NFκB which can activate many pro-

inflammatory cytokines including IL-1β 

 

9

NLRP3  

. This indicates that 

genetically determined low NFκB activity, and thus low 

activity of other pro-inflammatory pathways, was associated 

with beneficial response.  

rs4612666 Apoptosis CT or TT 0.63 (0.44-0.91) 0.01 rs4612666T reduce expression 
a
 Reduced NLRP3 expression was associated with non-
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vs CC in THP-1 cells 
41

response. NLRP3 is involved in the inflammasome complex 

and can also stimulate apoptosis through activation of 

caspases 

 

42,43
. Anti-TNF can induce apoptosis 

3-5

Inflammatory bowel disea se (IBD)  

 and it could 

be speculated, that anti-TNF has a better effect among 

patients, whose pro-inflammatory secreting cells are 

genetically determined more prone for programmed cell 

death. 

TLR4  rs5030728 Pathogen 

recognition 

AA vs GG 1.46 (1.01-2.11) 0.04 Unknown 
b
 

40
Same as for UC.  

TLR4  rs1554973 Pathogen 

recognition 

TC or CC 

vs TT 

0.80 (0.65-0.98) 0.03 Unknown 
b
 

40
Same as for UC.  

NFKBIA  rs696 Pathogen 

recognition 

GA or AA 

vs GG 

1.25 (1.01-1.54) 0.04 2758A increase expression in 

HCT116, HT29 and SW480 

cells 

b
 

39

Same as for UC. 

 

IL1RN  rs4251961 Cytokines TC or CC 

vs TT 

0.81 (0.66-1.00) 0.049 rs4251961C reduce IL-1RA level 

in Serum and HEK293T 

cells 

b
 

45,48

Reduced IL-1 receptor antagonist (IL-1RA) level was 

associated with non-response. IL-1RA can bind to the IL-1β 

receptor and thereby inhibit IL-1β signaling  
45

IL6 

. This indicates 

that genetically determined high IL-1β-driven inflammatory 

response was associated with non-response. 

rs10499563 Cytokines CT or CC 

vs TT 

1.31 0.99-1.71) 0.052 –6331C reduce expression in 

serum 

a
 

47

Reduced IL-6 expression was borderline associated with 

beneficial response. This indicates that genetically 

determined high IL6-driven inflammatory response was 

associated with non-response. 

 

IL18 rs1946518 Cytokines GT or TT 

vs GG 

1.24 (1.01-1.53) 0.04 -607AA reduce IL-18 level in 

serum 

b
 

34,44
 and expression in 

PBMC 
35

Reduced IL-18 expression was associated with beneficial 

response. This indicates that genetically determined high 

IL18-driven inflammatory response was associated with non-

response. 

 

NLRP3  rs4612666 Apoptosis CT or TT 

vs CC 

0.73 (0.57-0.95) 0.02 rs4612666T reduce expression 

in THP-1 cells 

a
 

41

Same as for UC.  

 

JAK2 rs12343867 Cytokines TC or CC 

vs TT 

1.24 (1.01-1.53) 0.04 rs12343867C reduce expression 

in granulocytes and K562 cells 

b
 

36

Same as for CD.  

 

PBMC: peripheral blood mononuclear cell. 

a
Responder vs non-responders. 
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b
Responder vs non- and partial.responders. 
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Table 3:  Odds ratio (OR), 95% confidence interval (95% CI), sensitivity, specificity, positive (PPV) and negative predictive value (NPV) 

for the risk sum (number of alleles) of the three single nucleotide polymorphisms associated with drug response in Crohns disease in 

the combined cohort. 

Risk sum 

(number of alleles)

 

a
 Responders 

Non&partial-

responders 

 

OR 

 

95% CI 

 

p-value 

 

Sensitivity 

 

Specificity 

 

PPV 

 

NPV 

5 (N = 17) 16 1 1 -  - - 94 6 

4 (N =75) 59 16 4.34 (0.53-35.24) 0.18 98 0 79 21 

3 (N = 223) 166 57 5.49 (0.71-42.36) 0.08 90 6 74 26 

2 (N = 305) 215 90 6.70 (0.88-51.27) 0.049 68 24 70 30 

1 (N = 294) 202 92 7.29 (0.95-55.78) 0.028 40 53 69 31 

0 (N = 154) 102 52 8.16 (1.05-63.22) 0.024 13 83 66 34 

a
The risk sum was calculated by summarising the number of risk alleles for the three SNPs associated with drug response in Crohns 

disease (TNFRSF1A, rs4149570 (GG=0; GT=1; TT=2), IL18, rs187238 (GG=0; GC=1; CC=2) and JAK2, rs12343867 (TT=0; TC=1; 

CC=2)). 
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Table 4:  Odds ratio (OR), 95% confidence interval (95% CI), sensitivity, specificity, positive (PPV) and negative predictive value (NPV) 

for the risk sum (number of alleles) of the five single nucleotide polymorphisms associated with drug response in ulcerative colitis in the 

combined cohort. 

Risk sum 

(number of alleles)

 

a
 Responders 

Non&partial-

responders 

 

OR 

 

95% CI 

 

p-value 

 

Sensitivity 

 

Specificity 

 

PPV 

 

NPV 

8 (N = 12) 3 9 1 - - - - 25 75 

7 (N = 42) 18 24 2.25 (0.53-9.52) 0.33 99 4 43 57 

6 (N = 88) 49 39 3.77 (0.96-14.87) 0.064 95 13 56 44 

5 (N = 151) 90 61 4.43 (1.15-17.01) 0.031 85 28 60 40 

4 (N =180) 122 58 6.31 (1.65-24.19) 0.0042 65 52 68 32 

3 (N = 136) 98 38 7.74 (1.99-30.12) 0.0017 39 75 72 28 

2 (N = 66) 46 20 6.90 (1.69-28.21) 0.0048 17 90 70 30 

1 (N = 30) 25 5 15.00 (2.96-75.91) 0.00063 7 98 83 17 

0 (N = 9) 8 1 24.00 (2.06-279.64) 0.0075 2 100 89 11 

a
The risk sum was calculated by summarising the number of risk alleles for the five SNPs associated with drug response in ulcerative 

colitis (TLR2, rs11938228 (CC=0; AC=1; AA=2), TLR4, rs5030728 (GG=2; GA=1; AA=0), TLR4, rs1554973 (TT=0; TC=1; CC=2), 

NFKBIA, rs696 (GG=2; GA=1; AA=0) and NLRP3, rs4612666 (CC=0; CT=1; TT=2). 
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Figure 1. Flow diagram showing how cohort 2 was established. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Screening  
2,191 patients from 23 medical departments 
had ICD-10 codes of K50-K63 and their 
patient records were examined.  

Excluded 
Data from 682 patients were not registed 
because of missing data or no confirmed CD 
or UC diagnosis. 

Eligibility 
834 CD and 675 UC patients with 
inflammatory bowel diseases were 
registered. 

Excluded  
247 CD and 217 UC patients were not 
treated with anti-TNF. 
 

Samples 
In the inclusion period 44,224 blood samples 
were collected from 24,596 patients.  
 

Excluded 
20,551 patients did not have ICD-10 codes 
of K50-K63. 

Inclusion period 
Blood samples sent from the Danish hospitals for Mycobacterium tuberculosis screening were 
collected from 01.09.2009 to 31.01.2014. 

Identification 
4,045 patients had ICD-10 codes of K50-
K63. 

Excluded 
1,854 patients were from other departments 
than the department of medicine or from 
general practitioners.  
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Included 
587 CD and 458 UC patients were treated with anti-TNF. The patients had not previously been 
treated with anti-TNF. 
Response was achieved by 69% (406) and 65% (296) of the patients with CD and UC respectively.  
Non- or partial-response was achived by 31% (181) and 35% (162) of the patients with CD and UC, 
respectively, within 26 weeks of treatment. 
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                                 a: Responders vs non-responders. b: Responders vs non- and partial responders. 
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Figure 3: Simplified overview of the pathways assessed. 

Polymorphisms in genes associated or not associated with response to anti-TNF therapy among 

patients with Crohn's disease or ulcerative colitis are written in white and red, respectively. Genes 

not studied are written in black. 

Green: Increased gene/protein activity was associated with beneficial response  

Purple: Increased gene/protein activity was associated with non-response. 

Blue: The biological effect was unknown. 

Yellow: The genes were not studied (black text) or were not associated with response (red text).  
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