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INTRODUCTION 
Inflammatory bowel diseases 
Chronic inflammatory bowel diseases (IBD), Crohn’s disease (CD) 
and ulcerative colitis (UC), are complex diseases that result from 
the interaction of numerous genetic and environmental factors 
[1]. CD and UC are chronic diseases, but the disease activity will 
fluctuate between flare-ups and times of remission and symp-
toms may range from mild to severe. The incidence of CD in 
Denmark is approximately 8 and 10 pr 100.000 for men and 
women, respectively. The incidence of UC is approximately 13-17 
pr 100.000 for both men and women [2, 3]. The prevalence of CD 

and UC has been estimated to be 25.000 or 0.5% of the Danish 
population [3].  

CD and UC have important negative consequences for the in-
dividual, by reducing the quality of life, and for the society as a 
consequence of expenses for medical treatment, medicine and 
absence from work. 

Symptoms: For patients with CD symptoms at diagnosis 
commonly include diarrhoea for several weeks, abdominal pain 
and may include blood in stools, fever and/or weight loss. For 
patients with UC symptoms at diagnosis commonly include 
bloody diarrhoeas for several weeks and may be accompanied by 
abdominal pain, fever and/or weight loss. Patients with CD or UC 
are most frequently diagnosed in late adolescence or early adult-
hood [4, 5]. 

Diagnosis: There is no test that alone can be used to diagnose 
the patient with CD or UC. Clinical evaluation and a combination 
of biochemical, endoscopic, histological, magnetic resonance 
(MR) or computed tomography (CT) investigations are used to 
establish the diagnosis of CD and UC. Biochemical tests include 
measurements of C-reactive protein (CRP) and fecal-calprotectin 
(F-calprotectin) which are used as markers for inflammation. 
Microbial testing for infectious diarrhoea including Clostridium 
difficile toxin is recommended to exclude bacterial causes of the 
symptoms [4, 5]. 

In CD the inflammation often involves the colon and/or ileum 
but may occur anywhere along the gastrointestinal tract from the 
mouth to the anus. The inflammation in CD is typically discontin-
uous and may include fistulas (connection of two body cavities). 
The inflammation in patients with UC usually starts in the rectum 
and extends in a continuous manner to affect a variable extent of 
the colon. In UC the inflammation does not extend into the deep-
er layers of the bowel wall, whereas in CD inflammation can be 
transmural [4, 5]. 

The location and distribution of the inflammation is usually 
determined by endoscopy and is divided into three phenotypes 
according to the Montreal classification [6, 7]. For CD the loca-
tions are classified as terminal ileum (L1), colon (L2) and ilecolon 
(L3) and for UC the distributions are classified as proctitis (in-
volvement limited to the rectum), left-sided (up to the splenic 
flexure) and extensive (proximal to the splenic flexure (including 
pancolitis)).  

Risk factors: A family history of CD or UC is the strongest risk 
factors for the onset of both CD and UC underscoring the genetic 
component of the diseases. In familial cases of UC there is a slight 
female preponderance and young age at onset compared to 
sporadic cases [4, 5]. Twin studies indicate that the genetic  
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Figure 1  
Simplified overview of the the NFκB pathway. 

 
contribution to disease is more pronounced for CD than UC [8-
12].  

Smoking has different effect on the risk of CD and UC. Smok-
ing increases the risk of CD and may increase the risk of relapses. 
However, smoking has a protective effect on the development 
and severity of UC. In contrast, former smokers have a higher risk 
of developing UC [13]. 

Patients diagnosed with UC at a young age (<16 years) tend to 
have a more aggressive disease and higher risk of colectomy than 
patients diagnosed at an older age (>40 years) [4, 5]. 
 
Inflammation, the NFκB pathway  
The inflammation in CD and UC result from the interactions of 
numerous genetic and environmental factors. One theory is that 
bacteria in the bowel can initiate an inflammation, which be-
comes chronic in genetic susceptible individuals [1].  

NFκB is a transcription factor, which regulates many physio-
logical processes including the innate- and adaptive-immune 
response, apoptosis and inflammation [14]. In many inflammatory 
diseases, such as inflammatory bowel disease, NFκB is found to 
be chronically active [15-17]. NFκB can be activated by Toll like 
receptors (TLRs), which recognize pathogen-associated molecular 
patterns (PAMP) that are broadly shared by pathogens but distin-
guishable from host molecules such as bacterial or viral DNA 
(TLR9), flagellin (TLR5) or lipopolysaccharide (LPS) (TLR2 and TLR4) 
(Figure 1) [18]. 

For example, LPS from Gram-negative bacteria cell mem-
branes can be bound by CD14 in the presence of lipopolysaccha-
ride-binding protein (LBP), which together with MD-2 interacts 
with TLR4 (Figure 1). TLR4 is a membrane bound protein, which 
upon LPS stimuli forms homodimers and activates an intracellular 
kinase cascade. This kinase cascade ultimately activates the IKK-
complex, which phosphorylates and degrades the NFκB inhibitor 
IκBα [18]. NFκB (p50-RelA or p50-p65) is shuttled from the cytosol 
to the nucleus after IκBα degradation. Here it initiates the 

 
 
Figure 2  
Simplified overview of the the TNF-α pathway. 

 
expression of pro- and anti-inflammatory cytokines including the 
pro-inflammatory cytokines TNF-α, IL-1β and IL-6 [19]. 

 
The TNF-α pathway  
Tumor necrosis factor alpha (TNF-α) is a cytokine synthesized as a 
212-amino acid transmembrane pro-polypeptide arranged in 
stable homotrimers [20, 21]. At the cell surface, pro-TNF-α is 
biologically active and is able to induce immune responses via 
intercellular signaling. In addition, pro-TNF-α can undergo proteo-
lytic cleavage by ADAM17 at its Ala76-Val77 amide bond, which 
releases a soluble 17 kDa homotrimer to the extracellular domain 
[22].  

TNF-α can bind to two receptors, TNF-R1 and TNF-R2. TNF-R1 
is expressed in most tissues, and can be activated by both the 
membrane-bound and soluble TNF-α, whereas TNF-R2 is found 
only in cells of the immune system and respond to the mem-
brane-bound form of the TNF-α. The binding of TNF-α to TNF-R1 
can activate three pathways, the NFκB, MAPK and apoptosis 
pathway (Figure 2). The MAPK pathway is involved in cell differ-
entiation, proliferation and is generally pro-apoptotic. The apop-
tosis pathway induces programmed cell death. 

 TNF-α can feedback activate the NFκB pathway through a ki-
nase cascade resembling, though distinct from, the TLR pathway 
where the IKK complex is activated and IκBα is phosphorylated 
and degraded (Figure 2) [18]. 
 
Background for the use of predictive markers  
Ineffective medical therapy can have negative consequences for 
the individual and the society. For the individual, ineffective med-
ical therapy does not resolve the symptoms which can have eco-
nomical and social consequences as well as reduce the patient’s 
quality of life. In addition, the medical therapy may result in seri-
ous side effects. For some disease, such as cancer, the disease 
may evolve while the patient is treated with ineffective medicine 
which can be fatal. For the society ineffective medical therapy can 
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prolong the patient’s absence from work, increase expenses for 
medical therapy and medical care. 

A test predicting response (personalized medicine) will bene-
fit both the individual patient as well as the society. For the pa-
tients who are predicted not to benefit from the medical treat-
ment, other medical or surgical alternatives are usually available. 
Predictive markers can be clinical, biochemical or genetic or a 
combination of clinical, biochemical and genetic markers. There 
has been some success in implementing predictive biomarkers in 
medical treatment of patients mainly within treatment of patients 
with cancer [23, 24]. 

A test that can predict response to anti-TNF (infliximab and 
adalimumab) among patients with CD and UC has not yet been 
implemented in the clinic. Only the most severely ill patients with 
CD and UC are treated with anti-TNF, however, approximately 
one-third of the patients have minimal or no response. Genetic 
variations in individual patient’s may explain why some benefit 
from the therapy and others do not. Genetic variations may be 
used to predict how individual patients respond to anti-TNF ther-
apy and may give a better understanding of the underlying biolog-
ical mechanisms involved in response.  

 
Anti-TNF therapy 
Infliximab: 
The TNF-α level is increased in the blood, stool and colonic tissue 
among patients with CD and UC [25-28]. Furthermore, TNF-α is a 
key pro-inflammatory cytokine in inflammation and tissue de-
struction in CD [29]. Therefore, TNF-α seemed an attractive bio-
logical target for developing medicine for treating patients with 
CD (and other autoimmune diseases). Development of the 
mouse-human chimeric monoclonal antibody infliximab (Remi-
cade) (or cA2 as it was known) started in the early 90ties [30]. 
Mice models and cell line studies showed, that infliximab effec-
tively neutralized TNF-α by binding and inactivating soluble TNF-α 
and by binding to transmembrane TNF-α, which leads to apopto-
sis [31-33]. Further studies showed, that infliximab significantly 
reduced lesions and inflammation in patients with CD [34, 35]. 
Infliximab was the first drug which on short-term induced such 
improvements and was therefore a breakthrough in the man-
agement of CD [29].  

In the late 90ties the first large clinical control study showed, 
that a single infusion induced significant improvements in 65% of 
patients with CD with severe luminal disease compared to 17% in 
the placebo group four weeks after treatment initiation [36]. 
Shortly after, in 1998, infliximab was approved by the US Food 
and Drug Administration (FDA) for the treatment of CD [37]. 
Later, infliximab was also proven effective for short- [38] and 
long-term [39] treatment of fistualizing CD. These initial clinical 
trials were followed by the larger ACCENT1 and ACCENT2 clinical 
trials, which proved that infliximab was effective for short and 
long term treatment of CD compared to placebo [40, 41]. Numer-
ous studies have since confirmed the efficacy of infliximab [42-
45]. 

Active Ulcerative Colitis Trial 1 and 2 (ACT 1 and ACT 2) were 
the first large trials of infliximab among moderate to severe dis-
eased patients with UC [46]. The response rate 8 weeks after 
treatment initiation was 64-69% among the infliximab treated 
patients with UC compared to 29-37% in the placebo group [46]. 
For long-term maintenance therapy every eight week, 45% of the 
infliximab treated patients with UC still had clinical response 54 
weeks after initiation compared to 20% in the placebo group [46]. 
Infliximab was approved by the US Food and Drug Administration 
(FDA) for the treatment of UC in 2005. 

Other anti-TNF drugs: 
Other anti-TNF drugs, like adalimumab (Humira) and certolizumab 
pegol (Cimzia), have been developed following the success of 
infliximab. Adalimumab, a fully humanized monoclonal antibody, 
was shown to have higher efficacy for short- and long-term 
treatment of both fistulizing and luminal CD than placebo in the 
large clinical trial CHARM [47]. Adalimumab was approved by the 
U.S. Food and Drug Administration (FDA) in 2008 for treatment of 
CD and for treatment of UC in 2012. The administration of ada-
limumab differs from infliximab as the former is injected by the 
patient every 14 day, whereas the latter is given intravenous at 
the hospital as maintenance therapy every 8 week. 
Evaluation of response:  
The majority of the studies evaluating treatment response to anti-
TNF among patients with IBD have been conducted with inflixi-
mab among patients with CD. Most of the prospective studies 
used the Crohn’s Disease Activity Index (CDAI) or Harvey-
Bradshaw Index (HBI) for evaluating luminal disease activity usu-
ally after 4 to 10 weeks [43, 48-50]. The CDAI uses the number of 
stools, abdominal pain, general well being, complications and 
antidiarrhoeal drugs to score the patients. The HBI is a simpler 
version of the CDAI. In most trials only patients with a CDAI >220 
at baseline were included. The patients were then categorized as 
responders, if they had a decrease in CDAI of > 100 (or > 70 in 
some studies) and in remission if the CDAI was < 150 [4].  

For fistulizing CD the Perianal Disease Activity Index (PDAI) 
has been used [51]. A few studies have examined adalimumab 
among patients with CD using the CDAI, HBI or PDAI indexes as 
effect measures [52, 53].  

Only a few prospective studies have evaluated the efficacy of 
anti-TNF in patients with UC. They used the Mayo Scoring System, 
which is based on stool frequency, rectal bleeding, endoscopy 
findings and the physician’s global assessment for evaluating 
response [46]. 

For retrospective evaluation of treatment response among 
both patients with CD and UC a few studies have used "The sim-
ple 3-step scale" [54-56]. 
Side effects:  
Usually, 5-10% of the patients have side effects to infliximab 
infusions [36, 39, 40, 47]. However, patients receiving placebo are 
just as likely to have side effects [36, 39, 40, 46]. The majority of 
side effects include skin rash, hypertension, shortness of breath, 
headache, fatigue and low grade fever. However, more severe 
side effects such as serum sickness, anaphylactic reaction, cancer 
and even death have been linked to infliximab [29, 39, 54]. In 
patients with latent Mycobacterium tuberculosis (TB) infection, 
active tuberculosis may develop after treatment initiation with 
infliximab. Therefore, it is recommended that the patients are 
screened for latent TB infection before treatment initiation [57]. 

PREDICTORS OF RESPONSE 
Clinical markers 
Age and duration of disease: 
In a large clinical study among adalimumab treated patients with 
CD, a disease duration of less than two years was associated with 
a higher response rate than patients with a longer disease dura-
tion [58]. Likewise, in pediatric patients with CD the best response 
to infliximab was seen in children with a disease duration less 
than one year [59]. The significantly higher response rates in the 
REACH trial of infliximab among children with CD [60] (as com-
pared to adult response rates) may also be a result of earlier 
intervention or a younger age of treatment [61]. Among patients 
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with UC response to infliximab has also been associated with 
younger age at treatment initiation [62]. It has been hypothe-
sised, that the reason for worse treatment outcomes in long 
lasting disease may be due to formation of fibrosis [63]. However, 
other studies did not find an association between duration of 
disease or age at treatment and treatment response [64-66]. 
Disease location and distribution:  
Patients with isolated colonic CD (L2) have been reported to have 
higher response rates [61, 65] and those with intestinal strictures 
and prior surgery have been reported to have a lower response 
rate [61, 67]. In addition, a study found that fistulizing CD patients 
had a higher response rate and a significantly longer duration of 
response compared with patients with luminal disease [66]. Oth-
ers have not found an association between disease location and 
response [64, 68]. 
Smoking:  
There is no consensus on how smoking impacts treatment effica-
cy [69-71]. The discrepancies between the existing studies might 
relate to differences in the definition of smoking status. Two 
studies defining smoking as more than 5 cigarettes per day found 
that smoking was associated with non-response [69, 70], whereas 
the definition was less clear in a larger study, where no associa-
tion was found [71]. Smoking has also been associated with 
shorter duration of response [64]. 
Concomitant medication: 
A large double-blinded clinical trial among patients with CD eval-
uated the efficacy of infliximab monotherapy, azathioprine (im-
munosuppressant) monotherapy and the two drugs combined. 
After 26 weeks 57%, 44% and 30% treated with both drugs, inflix-
imab monotherapy and azathioprine monotherapy were in remis-
sion, respectively [72]. The effect of combining infliximab with 
immunosuppressants has also been associated with fewer infu-
sion reactions [54]. 

Concurrent use of immunosuppressive medications compared 
to infliximab monotherapy has also been found to be associated 
with response after short term treatment in another study, how-
ever, there was no difference on long term duration of response 
[64]. 

 
Biomarkers  
C-reactive protein (CRP): 
The level of CRP is a widely used marker of inflammation. Several 
studies have examined if there are association between CRP level 
and response to anti-TNF. In one study considering all levels of 
CRP, there was no association between CRP level and response 
[65]. In other studies, which only included patients with at least 
twice the upper limit of the normal range pre-treatment (CRP > 
20 mg/L), a decrease of 25% or more in CRP level was associated 
with beneficial response [48, 49, 73].  

The synthesis of CRP is inducible by TNF-α and CRP levels may 
reflect levels of non-neutralized TNF-α [74]. However, whether an 
elevated CRP is truly predictive of response to anti-TNF or simply 
a marker that symptoms are truly due to active inflammatory 
disease remain to be proven [63]. 
Serology: 
ANCA (Anti-Neutrophil Cytoplasmic Antibodies) is a family of 
antibodies related to inflammatory diseases [75]. Perinuclear 
ANCA (pANCA), speckled ANCA (sANCA) and anti-Saccharomyces 
cervisiae antibody (ASCA) have been the subject of several inves-
tigations of anti-TNF response among patients with CD and UC. 
Positive sANCA pre-treatment has been associated with beneficial 
response to infliximab among patients with CD in one study [76] 
but the association was not replicated in a larger study [65].  

Positive pANCA and negative ASCA pre-treatment has been 
associated or marginally associated with non-response to inflixi-
mab in three studies involving 279 patients with CD (p = 0.07) 
[77], 100 patients with UC (P = 0.05) [62] and 89 pediatric patients 
with CD or UC (p = 0.0003) [42]. 
Immunochemistry: 
A study has reported an association between the C-allele of 
rs1143634 in IL1B and higher IL-1β blood level pre-treatment and 
a lower response rate to infliximab therapy among patients with 
CD [78]. 

Furthermore, TNF-α level has been investigated as a possible 
marker to anti-TNF therapy. In a small study among patients with 
fistulizing CD, TNF-α, IL-1ß and IL-6 blood levels were measured 
before and after treatment with infliximab. In this 10 week study, 
patients who did not respond to infliximab had higher baseline 
TNF-α levels [79]. Larger studies among patients with CD did not 
find a relationship between treatment response and TNF-α blood 
level [78, 80]. 

Measuring TNF-α blood level by enzyme-linked immuno-
sorbent assay (ELISA) is difficult, with a very low level of TNF-α 
close to or under the detection limit [74]. However, a functional 
assay based on direct estimation of circulating TNF-α bioactivity 
has been developed and tested in two cohorts of 20 and 50 pa-
tients with rheumatoid arthritis. A high level of circulating bioac-
tive TNF-α was associated with beneficial response to infliximab 
with a positive predictive value of 90% [81, 82]. However, the 
level of TNF-α protein measured by ELISA was similar in respond-
ers and non-responders, indicating that it is important to measure 
bioactive TNF-α [81, 82]. 
Gene-expression profiling; Transcriptional biomarkers: 
Microarray technology can be used to measure gene expression 
(mRNA) e.g. in blood or mucosal tissue. Mucosal gene expression 
pre-treatment was measured among pediatric patients with UC 
and identified TNFSRF11B, STC1, PTGS2, IL-13Ralpha2 and IL-11 as 
markers of non-response. All proteins encoded by these genes 
are involved in the adaptive immune response. These markers 
can separate responders from non-responders with 95% sensitivi-
ty and 85% specificity [83]. However, the study was conducted in 
a small cohort and has not been replicated. 
 
Genetic markers 
Genetic variation: 
In the human genome there are many genetic variations. Genetic 
variations start as mutations, which are inherited in the popula-
tion. The variations consist of two or more genetic variations in a 
single locus in the genome. Genetic variation in the genome 
include deletions, insertions, inversions, repeats, copy number 
variations (CNV) or single nucleotide polymorphisms (SNP). Dele-
tions and insertions are single- or multiple nucleotides that are 
present or absent in a genomic locus in individuals. Inversions are 
sections of DNA inserted as an inverted sequence. Repeats are 
regions of the genome which have been duplicated. CNV are two 
or more nucleotides directly adjacent to each other repeated 
multiple times. Single-nucleotide polymorphisms (SNPs) are single 
nucleotide (A, T, C or G) variations in a genomic locus and usually 
consist of two possible nucleotide variations at a single locus. It is 
estimated that there are 10 to 30 million SNPs in humans [84].  

Most genetic variations have no known biological effect but 
some cause a change in phenotype. The phenotypic change 
caused by a SNP can be a result of a change in a codon, which 
changes an amino acid in the protein. The amino acid can be part 
of a catalytic site, a binding site, a post-translational modification 
site or be important for the protein folding and thus activity. A 
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SNP can also introduce a frameshift change or premature stop 
codon, which often results in an inactive protein. A SNP in the 
gene coding region can furthermore change how the mRNA is 
processed if the SNP alters a splicing site, how the mRNA fold or 
the half-life of the mRNA. The SNP can also be in the promoter 
region, the region which regulates how the gene is expressed, and 
thereby change how much the gene is expression by e.g. changing 
the binding affinity to transcription factors. In addition, a SNP in a 
regulatory region such as an enhancer or silencer far away from a 
gene can also alter expression. 
Polymorphisms associated with response: 
A large number of genetic studies among patients with CD have 
examined the associations between SNPs, insertions or deletions 
and response to infliximab. However, most of them studied only a 
few SNPs and in underpowered cohorts of less than 100 patients. 
Response to adalimumab has been studied in two small cohorts 
among patients with CD but no associations were found [52, 53]. 
Patients with UC have been examined in three small cohorts of 
mixed CD and UC patients [42, 78, 85].  

In cohorts of more than 100 patients polymorphisms in 
TNFRSF1A (36 A>G (P12P) (rs767455) [50, 86], TNFRSF1B (587 
T>G (rs60195947) [87], rs1061624 A>G [86], 6528 T>C (rs976881) 
[88] and rs652625 T>A [88]), ADAM17 (rs12469362 T>C, 
rs1056204 A>C, rs10495565 A>G and rs446248 A>G) [43], FasL (-
843 C>T (rs763110)) [48, 88], FAS (-670 C>T (rs1800682)) [48], 
Caspase-9 (93 C>T (rs4645983)) [48] and FCGR3A (rs396991 T>G 
(F158V)) [49, 70, 89] have been found to be associated with re-
sponse. These genes are involved in TNF-α signaling (TNFRSF1A, 
TNFRSF1B, ADAM17 (TNF receptor 1 and 2 and the protease 
involved in cleavage and release of membrane bound TNF-α, 
respectively)) or apoptosis signaling (FasL, FAS and Caspase-9). 
FCGR3A may also be involved in TNF-α signaling as the receptor 
binds the Fc portion of immunoglobulin G and has been found to 
affect the infliximab binding affinity and apoptosis activity in vitro 
[89]. A study among 75 patients with CD found that a haplotype 
in the LTA gene was associated with non-response [76] which in 
part may be explained by the TNFA -857 C>T polymorphism as it is 
in linkage with the LTA haplotype [90]. 

Some polymorphisms have been studied in numerous cohorts 
which makes a meta-analysis possible. Almost all of the studies 
used CDAI for evaluating efficacy at 4 to 10 week after treatment 
initiation in European or Japanese cohorts of patients with CD. 
Two studies indicates that the rare allele of TNFRSF1A (36 A>G, 
rs767455) was associated with non-response (n = 166 and 80) [50, 
86] but this result was not replicated in a larger cohort (n = 543) 
[87]. Three studies (n = 145, 344 and 102) [49, 70, 89] found an 
association between homozygote rare allele carriers of FCGR3A 
(rs396991 T>G (F158V)) and non-response, whereas three studies 
(n = 189, 106 and 41) [45, 73, 91] did not find an association. 
Meta-analyses of these two polymorphism may help determine if 
they are associated with response to infliximab. 

The polymorphisms TNFRSF1B (587 T>G (rs60195947)) [50, 
87], TLR4 (rs4986790 A>G (D299G)) [69, 92], NOD2 (rs2066844 
C>T (R702W); rs2066845 G>C and rs2066847 Del > C) [52, 53, 69, 
71, 93-95] and TNFA (-238 G>A (rs361525); -308 G>A (rs1800629) 
and -857 C>T (rs1799724)) [45, 80, 87, 91] have been examined in 
two or more cohorts, but none of them found an association. 
Some of these negative results may be caused by lack of power to 
find an association in the small cohorts.  

The only polymorphism where two cohort studies show con-
sistency was for the rare allele of FasL (-843 C>T (rs763110)), 
which was associated with non-response in both studies [48, 88].  

Hypothesis free genome wide association studies (GWAS) 
have been performed on two small cohorts of 10 and 89 patients 
with CD or UC [42, 96]. In a study with 89 pediatric patients with 
CD or UC, polymorphisms in BRWD1 (rs2836878), PHACTR3 
(rs6100556), ATG16L1 (rs2241880), ICOSLG (rs762421), FAM19A4 
(rs4855535), TACR1 (rs975664), 5q31 (rs2188962), CDKAL1 
(rs6908425) and HLA-DAQ1 (rs2395185) were associated with 
response [42]. These genes are involved in apoptosis (BRWD1 and 
PHACTR3), autophagy (ATG16L1), cell adhesion (ICOSLG), regula-
tion of immune cells (FAM19A4), risk factor for gastrointestinal 
disorders (TACR1) or have unknown function (5q31, CDKAL1 and 
HLA-DAQ1). 
 
Summary 
The discrepancies between the observations can be a result of 
how age, smoking and CRP level are defined and differences 
between short and long term treatment for concomitant medica-
tion. For all observations sample size matters and can explain 
some of the discrepancies between the studies. 

Clinical markers such as young age at treatment initiation and 
heavy smoking may be useful markers for predicting response to 
anti-TNF. There is less consensus regarding the usefulness of 
disease location and concomitant medication, although concomi-
tant medication with immunosuppressant has been found to have 
a beneficial effect on short term response. Biochemical markers 
such as positive pANCA and negative ASCA pre-treatment may 
also be useful markers. There is not enough data to determine if 
protein or mRNA pre-treatment level can be used as markers for 
anti-TNF response. Many of the genetic polymorphisms found to 
be associated with response to anti-TNF among patients with CD 
are in genes involved in the TNF-α (TNFRSF1A, TNFRSF1B and 
ADAM17) or the apoptosis (FasL, FAS and Caspase-9) signaling 
pathway.  

HYPOTHESIS, AIMS AND DESIGN 
Hypothesis 
Genetically determined variation in the activity of genes in the 
TNF-α and NFκB pathways and in other cytokines than TNF-α is 
associated with response to anti-TNF therapy among patients 
with CD and UC. Moreover, there are shared biological mecha-
nisms involved in response among patients with CD and UC. 
Aims 
To identify polymorphisms associated with response to anti-TNF 
therapy among patients with CD or UC, and to use the associated 
polymorphisms in applied science to create a predictive model of 
response and in basic science to get a better biological under-
standing of the mechanisms involved in response.  
Design 
First, a cohort of previously naïve anti-TNF treated patients with 
CD or UC was established by retrospectively collecting blood and 
clinical data from Danish hospitals in a biobank. Blood clots were 
collect from three Danish laboratories after routine screening for 
Mycobacterium tuberculosis and the blood samples collected 
were pooled and used to represent a single cohort of patients. 
Patients with CD or UC were identified by linking CPR-numbers 
from the blood samples to The National Patient Registry. 
Response rate, clinical- and biochemical-markers associated with 
response in the established cohort were compared with previous 
published cohort studies as a quality control of the retrospective-
ly collected clinical data and to look for novel markers (paper I). 
Next, commercial DNA extraction kits were evaluated to achieve 
the highest DNA yield from the blood clots (paper II). Finally, a 
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case-only study was used to compare genotypes between re-
sponders and non-responders to anti-TNF therapy (paper III). 

A candidate gene approach was used with focus on polymor-
phisms in the TNF-α and NFκB pathways. In addition, polymor-
phisms in genes which have been shown to be associated with CD 
and/or UC, polymorphisms in other inflammatory cytokins and 
non-functional polymorphisms in key genes in the NFκB pathway 
where there were no known functional polymorphisms were 
included. Furthermore, polymorphisms with a known biological 
effect were identified through a litterature search, as they allow 
biological interpretation of the results based on increased or 
decreased gene or protein activity. 

MATERIALS AND METHODS 
Manuscript I 
Ethical Considerations: 
The study was conducted in accordance with the Declaration of 
Helsinki and was approved by the local Regional Ethics Commit-
tees (M20100153 and S-20120113) and the Danish Data Protec-
tion Agency (J. 2010-41-4719 and 2008-58-035). The Ethics Com-
mittees gave suspension for obtaining written informed consent. 
Collecting biological samples: 
Prior to anti-TNF therapy routine screening for Mycobacterium 
tuberculosis (TB) is performed as the treatment may lead to 
activation of latent tuberculosis. In Denmark the TB screening is 
usually carried out at major laboratory centres. Statens Serum 
Institut was the only Danish laboratory offering the QuantiFERON-
TB test for diagnosing latent Mycobacterium tuberculosis infec-
tion until January 2011 where Aarhus University Hospital intro-
duced the test. The remaining blood clots after TB analyses were 
collected from 01.09.2009 to 30.03.2011 at Statens Serum Institut 
(SSI, Copenhagen, Denmark) and from 01.01.2011 to 30.03.2011 
at Department of Respiratory Diseases B and Department Clinical 
Microbiology, Aarhus University Hospital (Aarhus, Denmark). The 
blood clots were frozen at -20°C for later analyses. The blood 
collected from the three laboratories were pooled and used to 
represent a single cohort of patients.  
Identification of patients with CD and UC: 
Each blood sample had a unique serial number which was used to 
identify the unique personal identification number of Danish 
citizens (CPR-number). The CPR-numbers were linked to The 
National Patient Registry and all International Classification of 
Diseases, Tenth Revision, (ICD-10), codes were extracted. Patient 
records from patients with ICD-10 codes of K50-K63, which in-
cluded intestinal diseases, from 18 medical departments were 
examined. 
Database design and content:  
In order to facilitate data acquisition, to ensure data quality, as 
well as to enable centralization of data storage, a secure web-
based database (https://trialpartner.dk) was constructed by 
Datamanagement (Datamanagement, Aarhus, Denmark). The 
data registered in the database were stored on two independent 
servers. 

Data were collected retrospectively from patient records. Da-
ta registered in the database included disease (CD or UC), gender, 
year of birth, age at diagnosis, disease location and behaviour 
according to the Montreal classification, smoking status, the date 
of the first infliximab (Remicade; Centocor, Malvern, PA, USA) or 
adalimumab (Humira; Abbott Laboratories, North Chicago, IL, 
USA) treatment, treatment indication, C-reactive protein (CRP), F-
calprotectin and treatment efficacy (as described later). Further-
more, concomitant medication with azathioprine or methotrexate 

up to four weeks and 5-aminosalicylates, intravenous or peroral 
glucocorticoids or antibiotics up to two weeks before the first 
infliximab or adalimumab treatment were registered. Finally, the 
date and indication for treatment termination (no effect, remis-
sion or adverse events) were registered.  
Treatment protocol: 
Indication for treatment was: Patients with moderate or severe 
disease who did not respond to prednisolone or immunosuppres-
sive treatment. As a standard, patients were treated with 5 mg/kg 
infliximab intravenously starting at week 0, 2, 6 and every 8 
weeks thereafter. As a standard, adalimumab was administered 
with 160 mg subcutaneously in week 0, 80 mg in week 2, and 40 
mg every second week thereafter [97, 98].  
Treatment efficacy:  
Efficacy was assessed using physician’s global assessment focus-
ing on normalisation of bowel frequency and absence of blood 
with defecation. The simple 3-step scale used in previous studies 
was used to estimate efficacy 8 and 22 weeks after anti-TNF 
treatment initiation in naïve patients and reflected the maximum 
response during the period [54-56]. Patients with CD or UC with 
luminal disease were categorized 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 categorized as having: (A) no response, meaning no im-
provement 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 [38].  
Biological response: 
A biological response was defined as a decrease in baseline CRP 
level of at least 25% within 22 weeks after treatment initiation 
[49, 73]. 
 
Manuscript II 
DNA extraction:  
Four different commercial purification kits were used to extract 
DNA from the blood clots: (1) Maxwell 16 Blood purification kit 
(Promega, Southampton, United Kingdom), (2) PureGene (Qiagen, 
Hilden, Germany) with and without glycogen, (3) QIAamp DNA 
Micro kit (Qiagen, Hilden, Germany) and (4) Nucleospin 96 Blood 
kit (Macherey-Nagel, Düren, Germany). The frozen blood clot was 
thawed at room temperature for 15 minutes and 100 µl to 300 µl 
total blood was extracted without being homogenized or other-
wise pretreated. The DNA was extracted according to the manu-
facturers` instructions and dissolved in ddH2O. 
DNA yield and quality: 

Two µl purified DNA was used to measure the DNA concen-
tration and the purity (A260/A280) of the extractions by 
NanoDrop-1000 (Thermo Scientific, Waltham, MA, USA).  
 
Manuscript III  
Identifying functional polymorphisms: 
Only few studies have examined the biological effect of polymor-
phisms. To find functional polymorphisms in the NFκB and TNF-α 
pathway, relevant genes in those pathways first had to be found. 
By using the pathway databases 
http://www.genome.jp/kegg/pathway.html and 
http://www.wikipathways.org/index.php/WikiPathways relevant 
genes were found. Functional polymorphisms in relevant genes 
were found by searching pubmed 

https://trialpartner.dk/
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(http://www.ncbi.nlm.nih.gov/pubmed/) with “polymorphism 
AND gene-name AND (reporter gene OR luciferase OR ELISA OR 
enzyme-linked immunosorbent assay OR RT-PCR OR reverse 
transcriptase PCR OR EMSA OR electrophoretic mobility shift 
assay OR flow cytometry)”. 

After an extensive literature search approximately 100 func-
tional polymorphisms were found and 39 polymorphisms mainly 
in the NFκB and TNF-α pathway were chosen. 
Single nucleotide polymorphisms studied: 
The DNA was genotyped by KBioscience (KBioscience, 
Hoddesdon, United Kingdom) (http://www.lgcgenomics.com/). 
DNA was shipped in a volume of 150 µl and a concentration > 10 
ng/µl. Each polymorphism examined by KBioscience required a 
volume of 1.5 µl. 

The SNPs studied were TLR2 (rs4696480, rs1816702, 
rs11938228, rs3804099), TLR4 (rs12377632, rs5030728, 
rs1554973), TLR5 (rs5744168), TLR9 (rs187084, rs352139), LY96 
(MD-2) (rs11465996), CD14 (rs2569190), MAP3K14 (NIK) 
(rs7222094), SUMO4 (rs237025), NFΚBIA (IκBα) (rs696, 
rs17103265), NFΚB1 (NFκB1) (rs28362491), TNFA (TNF-α) 
(rs1800629, rs1800630, rs1799724, rs361525), TNFRSF1A (TNFR1) 
(rs4149570), TNFAIP3 (A20) (rs6927172), IL1B (IL-1β) (rs1143623, 
rs4848306, rs1143627), IL1RN (IL-1RA) (rs4251961), IL4R 
(rs1805010), IL6 (rs10499563), IL6R (rs4537545), IL10 (rs1800872, 
rs3024505), IL17A (rs2275913), IL23R (rs11209026), IFNG (IFN-γ) 
(rs2430561), TGFB1 (TGF-β1) (rs1800469), PTPN22 (rs2476601), 
PPARG (PPAR-γ) (rs1801282) and NLRP3 (rs4612666).  

Genotyping of TNFA (TNF-α) -857 C>T (rs1799724) and -863 
C>A (rs1800630) failed due to their close proximity to each other. 
The 39 genotypes were replicated in 94 randomly selected sam-
ples and yielded >99% identical genotypes. The studied SNPs had 
a minor allele frequency of 5% to 48%. 
Genotyping: 
Competitive Allele-Specific Polymerase chain reaction (KASP™) is 
an end-point PCR technology used by KBioscience for genotyping. 
Two allele-specific forward primers (where the last nucleotide at 
the 3´-end is complementary to one of the two alleles) are mixed 
with a single reverse primer, KASP PCR master mix and DNA. Each 
of the two forward primers have a unique tail sequences which 
corresponds to the sequence in a FAM-dye or HEX-dye labeled 
oligo in the KASP PCR master mix. The FAM-dye and HEX-dye 
labeled oligos are prevented from emitting light by two comple-
mentary quencher labeled oligos in the KASP PCR master mix.  
In the first round of PCR the 3´-end nucleotide in the allele specif-
ic forward primers determine which primer anneal to the single 
nucleotide polymorphism in the DNA template. A unique 5´ se-
quence (from the allele-specific forward primer) complementary 
to the FAM-dye or HEX-dye labeled oligo is thereby incorporated 
in the amplicon. In the second round of PCR the reverse primer 
creates the complementary strand to the amplicon. In the follow-
ing PCR amplifications the FAM-dye or HEX-dye labeled oligo 
anneale to the complementary strand created by the reverse 
primer and the dye is thereby incorporated into the PCR product. 
This separates the FAM-dye or HEX-dye from the quencher la-
beled oligo. The PCR reactions will in the following rounds expo-
nentially increase the amount of PCR product as well as the fluo-
rescence emitted from the FAM-dye or HEX-dye. 

The SNP in the DNA template is determined by the fluores-
cence read at the end of the PCR run. If both forward primers are 
incorporated into the PCR products (one primer anneal to each 
chromosome) light from both the FAM- and HEX- dye is detected 
and the patient is heterozygote. If only one primer is incorporated 
into the PCR product the patient is wildtype or variant homo- 

 
 
Figure 3  
Flow diagram showing how blood samples and clinical data were collected. 

 
zygote (depending on the colour of the emitted light). 
Statistical analysis: 
Logistic regression, crude and adjusted for age, gender and smok-
ing status, was used to compare genotypes among responders 
versus non-responders and responders versus non- and partial-
responders to anti-TNF therapy. Associations were expressed as 
odds ratios (OR) which represent the odds of exposure in re-
sponders divided by the odds of exposure in the non-responders. 

A chi-square test or unpaired t-test was used to test if there 
was a statistically significant difference in response between 
patients with CD and UC, to examine if there were difference in 
secondary parameters between responders and non-responders 
and for haplotype analysis. 

Statistical analyses were performed using STATA version 11 
(STATA Corp., Texas, USA). 
Power calculations: 
The Genetic Power Calculator for case-control was utilized for 
power analysis of discrete traits [99]. The "high risk allele fre-
quency" was set to 0.05, 0.10 or 0.48, the "prevalence" was set to 
0.33 (responders vs. non-responders), D-prime was set to 1, type I 
error rate was set to 0.05.  

RESULTS  
Manuscript I 
Blood and clinical data collection: 
During the inclusion period, 10425 blood samples from 9217 
individuals were collected as shown in Figure 3. In a pilot project, 
all patient records from Randers, Viborg and Herning hospitals 
(167 cases) from patients with ICD-10 codes of K50-K63 were 
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examined. Only patients from the medical departments had a 
diagnosis of CD or UC and were treated with infliximab or ada-
limumab. Therefore, only patient records from medical depart-
ments were examined. From the medical departments, 1519 
patients had ICD-10 codes of K50-K63 and 1378 (91%) patient 
records from 18 hospitals were examined. Based on the patient 
records 1095 patients were registered as having CD or UC. Of 
these 808 had been treated with anti-TNF. However, data on 
response were not available for 49 patients and for the remaining 
759 patients 21 blood samples could not be found for further 
genetic analysis. 
Treatment efficacy: 
Data on efficacy were available for 759 patients and included 535 
(70%) responders, 94 (12%) partial responders and 130 (17%) 
non-responders (Table 1). Response rate was 65% (173 patients) 
and 74% (362 patients) among patients with UC and CD, respec-
tively (OR: 0.66, 95% CI: 0.48-0.91, p = 0.01). Non-response  
rate was 24% (63 patients) and 14% (67 patients) among patients 
with UC and CD, respectively (OR: 1.96, 95% CI: 1.34-2.87, p = 

0.001). Among patients with CD the response rate to infliximab 
and adalimumab treatment was 74% (302 patients) and 70% (60 
patients), respectively (p = 0.12). The rate of non-response was  
17% (48 patients) and 9% (19 patients) among females and males 
with CD, respectively (OR: 2.07, 95% CI: 1.13-3.81, p = 0.02). 
Clinical markers associated with response: 
Heavy smoking was associated with low response rate among 
patients with CD with 18% (12 patients) of the non-responders  
versus 9% (31 patients) of the responders smoking 10 or more 
cigarettes per day (OR: 2.33, 95% CI: 1.13-4.81, p = 0.03) (Table 
1). A decrease in CRP levels by > 25% within 22 weeks after 
treatment initiation was not associated with response (p = 0.06). 
However, when only considering pre-treatment CRP > 20 mg/L 
(twice the upper limit of the normal range) a decrease of > 25% in 
CRP level within 22 weeks after treatment initiation, was associ-
ated with beneficial response (OR: 1.99, 95% CI: 1.08-3.68, p = 
0.03). Young age at treatment initiation was associated with 
response among patients with CD, with a median age of 33 (13-
80) and 40 (16-75) years among responders and non-responders, 

 
 
Table 1  
Clinical and demographic characteristics for anti-tumor necrosis factor-α (anti-TNF) naïve inflammatory bowel disease patients treated with anti-TNF. 

 
 
Table 2  
Adverse events to anti-tumor necrosis factor-α (anti-TNF) therapy leading to treatment termination. 
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respectively (p = 0.03). CD location, UC extension, treatment 
indication (flare-up, fistula or side effects to other medications), 
concomitant medication or overall smoking status was not asso-
ciated with treatment response. 
Adverse events: 
As shown in Table 2, 76 (10%) of the 759 patients treated with 
infliximab or adalimumab terminated the treatment because of 
adverse events. The most severe adverse events were one case of 
serum sickness, one case of anaphylactic reaction and one case of 
cardiac failure. No deaths were reported.  
Manuscript II 
DNA extraction: 
The DNA yields by the different purification kits tested are shown 
in Table 3. The highest yields were obtained using Maxwell 16 
Blood purification kit with a median of 4.9 µg (range 0.8-25 µg) pr 
300 µl total blood followed by PureGene with glycogen with a 
median of 0.65 µg (range 0.5-2.6 µg) pr 300 µl total blood (p < 
0.001). The number of correct calls was > 99% for all of the ex-
traction methods as described in Table 3. 

The length of time the blood clots were stored did not have a 
significant effect on the DNA yield (p = 0.47).  
 
Manuscript III 
Study population: 
Clinical data on response to anti-TNF therapy and blood samples 
were available from 256, 482 and 738 prior anti-TNF naïve pa-
tients with UC, CD and IBD, respectively. The biological effect of 
the studied SNPs and their association with anti-TNF therapy 
among patients with CD, UC or IBD are summarized in Table 4 and 
Figure 4. 
Polymorphisms associated with response in CD: 
Among patients with CD, 6 functional SNPs (TLR2 (rs1816702, 
rs3804099), TLR4 (rs5030728), TLR9 (rs352139), LY96 
(rs11465996) and TNFRSF1A (rs4149570)) were associated with 
response when comparing responders with non-responders and 
this number increased to 7 SNPs when including partial-
responders (IFNG (rs2430561)).  
Polymorphisms associated with response in UC: 
Among patients with UC, 8 SNPs (TLR2 (rs11938228, rs3804099), 
TLR4 (rs5030728), LY96 (rs11465996), CD14 (rs2569190), TNFAIP3 
(rs6927172), IL1B (rs4848306) and IL6 (rs10499563)) were associ-
ated with response when comparing responders with non-
responders and 11 SNPs (TLR2 (rs4696480), IL1RN (rs4251961) 
and IL17A (rs2275913)) were associated with re-sponse when 
including partial-responders.  
Polymorphisms associated with response in IBD: 
The polymorphisms showed the same direction of effect in both 
diseases except for the polymorphisms in LY96 (rs11465996). 

When including all patients (IBD), 13 SNPs (TLR2 (rs11938228, 
rs3804099), TLR4 (rs5030728), TLR9 (rs187084, rs352139), LY96 
(rs11465996), MAP3K14 (rs7222094), TNFA (rs361525), TNFRSF1A 
(rs4149570), TNFAIP3 (rs6927172), IL1B (rs4848306), IL6 
(rs10499563)) and IL17A 197 (rs2275913) were associated with 
response among patients with IBD when comparing responders 
with non-responders. This number increased to 15 SNPs (TLR4 
(rs1554973) and IFNG (rs2430561)) when including partial-
responders.  
Haplotype analysis: 
Four haplotypes in TLR2, three in TLR4 and IL1B and two in TLR9 
described 85%, 95%, 99% and 97% of the genotypes observed, 
respectively. The TLR2 haplotype 22 (rs4696480TT, rs1816702CC, 
rs11938228AA and rs3804099TT) (OR: 0.41, 95% CI: 0.19-0.86, p = 
0.02) and the haplotype 12 (rs4696480TA, rs1816702CC,  

 
rs11938228CA and rs3804099CT) (OR: 0.48, 95% CI: 0.24-0.95, p = 
0.04) were associated with non-response. Haplotype combination 
33 was also associated with non-response, although not statisti-
cally significantly. Both haplotype 2 and 3 encompass the 
wildtype allele of rs3804099, and thus the haplotype analysis 
supports the found association between the variant allele of 
rs3804099 and beneficial response. 

No associations were found for TLR4, TLR9 or IL1B. 

DISCUSSION 
Establishing the anti-TNF treated IBD cohort (Manuscript I) 
In order to identify polymorphisms associated with response to 
anti-TNF therapy we first had to establish a cohort of previously 
naïve anti-TNF treated patients with CD or UC. To establish the 
cohort we needed to identify patients with CD or UC treated with 
anti-TNF, obtain clinical data on response and obtain biological 
samples.  
 
Biological samples 
Before patients are treated with anti-TNF they are usually 
screened for TB. By establishing a cooperation with the major 
laboratory centres in Denmark responsible for TB screenings we 
were able to collect biological samples from patients with CD or 
UC treated with anti-TNF. The advantage was that we were able 
to rapidly collect many biological samples without much effort 
thanks to our partners. Furthermore, biological samples from 
patients with rheumatoid arthritis or psoriasis treated with anti-
TNF were also collected, as we collected blood from all patients 
screened for TB. This allowed spin off projects by establishing a 
cohort of anti-TNF treated patients with rheumatoid arthritis (a  
cohort of patients with rheumatoid arthritis has been estab-
lished) and anti-TNF treated patients with psoriasis (in progress). 
 
Patient identification 
Patients with CD or UC were identified by linking CPR-numbers 
from the blood samples to The National Patient Registry and 
extracting data from patients with ICD-10 codes of K50-K63, 
which include all intestinal diseases. 
 
Clinical data collection 
By retrospective examining the patient’s records clinical data 
could be collected. First, in a pilot study all patient records from 
all departments from three hospitals were examined. Only pa-
tients from the medical departments were diagnosed with CD or 
UC and treated with anti-TNF. Furthermore, in the pilot project 
we tried to calculate a score by using the CDAI, Mayo Scoring and 
by using "The simple 3-step scale" used in other retrospective 
studies, to evaluate response. However, the retrospective exami-
nation of the patient records did not include enough data to  

 
 
Table 3  
Yield and A260/A280 ratio of DNA extracted from cryopreserved clotted blood using 
commercial kits. 
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Table 4  
The biologic effect of the studied single nucleotide polymorphism (SNP), odds ratios (OR) and association with anti-TNF therapy among patients with Crohn’s disease (CD), 
ulcerative colitis (UC) and combined inflammatory bowel disease (IBD). 
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calculate a score for most patients and response to anti-TNF 
therapy was therefore evaluated by using "The simple 3-step 
scale". Thus, a disadvantage of this retrospective approach was 
that it was not possible to collect all clinical data from all the 
patients. 
 
Primary or long-term response 
Anti-TNF response was assessed in every-day clinical practice in a 
cohort of 759 previously anti-TNF naïve Danish IBD patients sam-
pled from 18 medical departments as summarized in Figure 3. The 
cohort should therefore be representative for Danish IBD patients 
in every-day clinical practice.  

The cohort study was designed for evaluation of primary re-
sponse, where response was evaluated as the maximum response 
within 22 weeks of treatment initiation. It could have been inter-
esting to look for markers associated with long-term response or 
side effects. However, of the responders only 20 patient termi-
nated treatment due to loss of effect and 50 patients terminated 
treatment due to side-effect. Furthermore, treatment was still 
on-going for 172 patients when the patient records were exam-
ined. In addition, the group of patients with side effects were 
inhomogeneous (Table 2) and genetic mechanisms involved in 
primary response, long-term response and side effects may differ. 
Therefore, if this cohort had been used to look for marker associ-
ated with long-term response or side effects it would have had 
limited power to detect such associations.  

 
Validity of the cohort 
The validation of our cohort was crucial for the validity of future 
studies on genetic variations associated with treatment response. 
To validate how the patients were divided into responders, par-
tial- and non-responders in our study, we compared response 
rate and differences in clinical and biochemical parameters be-
tween responders and non-responders in our cohort with the 
results from other prospective [36, 40, 41, 137] and retrospective 
studies [54, 55, 138, 139]. In addition, clinical and biochemical 
markers may be used, alone or together with genetic markers, to 
predict response to anti-TNF therapy. 

We found that anti-TNF treatment of CD and UC was effective 
with response rates of 74% and 65%, respectively. In our cohort 
study heavy smoking was associated with non-response whereas 
young age at treatment initiation was associated with beneficial 
treatment response among patients with CD. In addition, a de-
crease of 25% or more of pre-treatment CRP (> 20 mg/L) or F-
calprotectin were associated with beneficial treatment response 
among patients with CD and UC. Furthermore, patients with UC 
were more likely to be non-responders than patients with CD, and 
females with CD were more likely to be non-responders than 
males with CD (Table 1). However, the clinical and biochemical 
markers associated with response to anti-TNF therapy in our 
study have to be interpreted with care as data were collected 
retrospectively and were not available for all patients. 

The response rate to anti-TNF therapy in this retrospective 
study using the "The simple 3-step scale" was comparable to 
other retrospective studies for CD and UC [54, 55, 138, 139]. 
Compared to prospective clinical trials which used a score to 
evaluate response, the response rate in our study was to the high 
end [36, 40, 41, 137]. The time to evaluation of response differ in 
the studies which could influence the response rate. In addition, 
we excluded 49 patients treated with anti-TNF and many of those 
patients might have been non-responders which artificial could 
have increased the response rate in our cohort. The patients 
records from theses patients were either inadequate to evaluated 

response or the patients had other complication during anti-TNF 
treatment which shifted the focus away from the anti-TNF thera-
py.  

Heavy smoking was associated with non-response among pa-
tients with CD in consensus with other studies [64, 65]. Among 
patients with UC smoking was associated with beneficial response 
to anti-TNF therapy although this is based on a very low number 
of patients in our study (Table 1). The associations found between 
smoking and response to anti-TNF therefore reflect how smoking 
effects patients with CD and UC, where smoking has a negative 
effect on patients with CD and a positive effect on patients with 
UC [13]. Smoking may therefore have a limited effect on response 
to anti-TNF therapy among patients with CD and UC but instead 
reflect a negative or positive effect on the disease itself. 

In agreement with previous studies, we found that young age 
was associated with beneficial response among patients with CD 
[58, 61].  

Patients with UC were more likely to be non-responders than 
patients with CD, which is in accordance with other studies [54]. 
The clinical data was collected similarly in this retrospective co-
hort for both patients with CD and UC. As the results have been 
confirmed in other studies it is likely that the difference in re-
sponse between patients with CD and UC is due to biological 
differences. 

In our study female patients with CD were more frequently 
non-responders than male patients with CD. Smoking status did 
not account for this gender difference. Interestingly, female pa-
tients with rheumatoid arthritis have also been found to be more 
likely to be non-responders to anti-TNF therapy than males [140]. 
The observations could reflect a biological difference between the 
genders. However, since the study was not based on a calculated 
score to evaluate response it could be speculated that psychology 
played a factor.  

CRP and F-calprotectin were the only biochemical markers 
examined in our study and pre-treatment levels were not found 
to be associated with response to anti-TNF. However, a decrease 
of 25% or more of pre-treatment CRP (> 20 mg/L ) or F-
calprotectin levels was associated with beneficial response in 
accordance with other studies [48, 49, 65, 73]. Thus, the associa-
tion between a decreased level of these inflammatory markers 
post-treatment and beneficial response further support the valid-
ity of how the patients have been divided into responders, par-
tial- and non-responders in this retrospective study. However, as 
the associations are based on the level of CRP or F-calprotectin 
before and after treatment initiation, they can not be used to 
predict response. 

In contrast to genotyping which are qualitative DNA analyses, 
biochemical analyses are qualitative analyses. Thus, in DNA anal-
yses, the quantity of DNA is less important, as long as there is 
enough DNA for the analyses. In contrast, biochemical analyses 
rely on the quantity of protein and therefore uniform treatment 
and proper storage of the samples is important. Age, sex and 
ethnicity may effect the result of a biochemical analysis and a 
matched control group is therefore important. Biopsies can be 
used for biochemical analyses, however, for markers used to 
predict response to a drug, blood or urine samples are preferred 
as they are much less invasive than a biopsy [141, 142]. Finally, 
for predicting risk of disease, genetic markers may prove more 
convenient than protein or mRNA markers, as whole genome 
sequences may be available for all persons in the western world 
in the coming decades. 

The blood clots we have collected after TB analysis are proba-
bly not well suited for downstream biochemical analyses, as the 
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samples have not been uniformly handled. Especially the differ-
ence in time our blood samples have been stored at room tem-
perature pose a problem.  

Other clinical markers including luminal location [64, 68] have 
been associated with response to anti-TNF. However, we were 
unable to confirm this finding. In addition, the use of azathioprine 
and methotrexate has been associated with beneficial response 
after short-term treatment and fewer infusion reactions among 
patients with CD and UC treated with anti-TNF [54, 64, 72, 143]. 
We were unable to confirm this result probably because of lack of 
power. However, our study was the first to evaluate the efficacy 
of both infliximab and adalimumab on treatment response among 
patients with CD and found that both were effective for treat-
ment of patients with CD. 

In conclusion, the response rate, difference in response rate 
among patients with CD and UC and clinical and biochemical 
markers associated with response to anti-TNF (smoking, age, CRP 
and F-calprotectin levels) in our retrospective cohort study re-
flected the findings in other studies. This indicates that the divi-
sion of the patients into responders, partial- and non-responders 
in our study was reasonable and that the cohort therefore could 
be used as a solid foundation for further studies of genetic mark-
ers associated with response to anti-TNF therapy. 

 
DNA extraction (Manuscript II) 
The blood collected was left over clotted blood from TB screen-
ing. Clotted blood often result in low DNA yields and we therefore 
compared the efficiency of four commercially kits for extracting 
DNA. The Maxwell 16 Blood purification kit had almost ten-fold 
higher yield than the other commercial kits tested. However, the 
DNA yield obtained with any of the commercial kits tested varied 
considerably among individuals. Variations in leukocyte counts or 
in blood clot formation have been suggested to be associated 
with DNA yield [144, 145]. 

The DNA yield did not depend on how long the blood was 
cryopreserved which is supported by other studies where blood 
clots have been stored for up to 2.5 years without an effect on 
yield [146, 147].  

These results show that DNA can be efficiently extracted from 
cryopreserved blood clot samples, even after prolonged storage. 
However, the retrospective approach of collecting blood after TB 
made it more laborious and expensive to extract the DNA and 
furthermore gave a lower yield compared to full blood which 
could have been collected in a prospective study. 

 
Candidate genes (Manuscript III) 
To examine if polymorphisms could be used to predict response 
to anti-TNF therapy we choose a candidate gene approach and 
furthermore wanted to include polymorphisms with a known 
biological effect. We chose to study polymorphisms in the NFκB 
and TNF-α pathway as TNF-α and NFκB feed-back activates each 
other, are elevated among patients with IBD and because anti-
TNF inactivate soluble TNF-α. Furthermore NFκB and TNF-α are 
key players in the inflammatory pathway. We aimed at including 
2 to 3 functional polymorphisms in every gene examined. Howev-
er, the knowledge on the biological effect of SNP is limited and 
we therefore had to settle with a single functional SNP in some 
genes. A few SNPs outside of the NFκB and TNF-α pathway were 
chosen in an effort to identify other pathways which might be 
involved in response to anti-TNF and because some of these SNPs 
had been shown to be associated with risk of CD and/or UC. 

 
Functional polymorphisms 
One of the advantages of studying SNPs with a biological effect 
that modify the activity of the gene or gene product is that it 
allows us to make biological interpretation of our results, based 
on increased or decreased gene or protein activity. This can help 
us to understand some of the biological mechanisms involved in 
treatment response to a drug or susceptibility to a disease.  
Another advantage of studying functional SNP is that it would be 
expected that SNPs associated with susceptibility of a disease or 
response to a drug either had a biological effect or was linked to 
another SNP with a biological effect. It could therefore be ex-
pected that studying functional SNPs using a candidate gene 
approach would increase the likelihood of finding an association 
compared to examining polymorphisms with unknown (and pos-
sibly no) biological effect. 

The disadvantage of focusing on functional SNPs is the limited 
knowledge on the biological effect of SNPs. It therefore requires 
an extensive literature search to identify the few SNPs with a 
biological effect in a pathway. 

 
GWAS 
An alternative approach to the candidate gene study is hypothesis 
free GWAS. The advantage of GWAS is that hundreds of thou-
sands of SNPs spread throughout most of the human genome are 
examined. However, because of the high number of polymor-
phisms studied it is necessary to use strict and complex statistic 
methods which increase the risk of type II error (false negative). A 
practical challenge is that a fairly large amount of DNA is required 
(usually more than 1µg DNA compared to about 10ng for SNP 
studies). Furthermore GWAS are more expensive than candidate 
gene studies. 
 
Polymorphisms associated with response and biological inter-
pretation 
In the inflammatory pathways, 37 SNPs in 26 genes were success-
fully genotyped and 19 of the functional polymorphisms in 14 
genes were associated with response to anti-TNF therapy among 
patients with CD, UC or CD and UC combined (IBD) as shown in 
Figure 4.  

As illustrated in Figure 5, genetically determined increased 
level of TLR2 (rs1816702) and MD-2 (LY96) (rs11465996) (re-
quired for TLR2 and TLR4 to respond to LPS) [101, 105] were 
associated with beneficial response among patients with CD, 
indicating that a higher activity of TLR2 was associated with a 
beneficial response among patients with CD. Among patients with 
UC genetically determined increased level of MD-2 (LY96) 
(rs11465996) and CD14 (rs2569190) [105-107] were associated 
with non-response, indicating that a high activity of TLR4 was 
associated with non-response among patients with UC. In addi-
tion, two SNPs in TLR2 (rs4696480 and rs11938228) and two SNPs 
in TLR4 (rs5030728 and rs1554973) with unknown biological 
effect were associated with response among patients with CD, UC 
or IBD as shown in Table 4. The TLR9 heterozygous genotype of -
1486 T>C (rs187084) and the homozygous variant genotype of 
TLR9 1174 G>A (rs352139) were associated with beneficial re-
sponse and non-response among patients with IBD, respectively. 
The 1486 T>C and 1174 G>A polymorphisms in TLR9 have only 
been shown to have a biological effect in haplotype context [104, 
148], however, the haplotype analysis of TLR9 did not reveal any 
associations. Thus, the results indicate that TLR activity is im-
portant in determining response to anti-TNF therapy among 
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Figure 4  
Polymorphisms associated with response to anti-TNF.  
Thirty seven functional single nucleotide polymorphisms (SNPs) in 26 genes were 
successfully genotyped and 19 SNPs in 14 genes were associated with response to 
anti-tumor necrosis factor-α (TNF-α) therapy among patients with Crohn’s disease 
(CD), ulcerative colitis (UC) or CD and UC combined. The 19 SNPs associated with 
response were in genes involved in regulation of NFκB through the TLR pathways 
(TLR2, TLR4, TLR9, LY96 (MD-2), CD14 and MAP3K14 (NIK)), TNF-α signaling (TNFA 
(TNF-α), TNFRSF1A (TNFR1) and TNFAIP3 (A20)) or cytokines regulated by NFκB 
(IL1B, IL1RN, IL6, IL17A and IFNG). 

 
patients with IBD.  

Regarding the canonical and non-canonical NFκB pathway, 
functional polymorphisms in SUMO4, NFKBIA (IκBα) and NFKB1 
(p50-RelA) were not found to be associated with response. How-
ever, the heterozygous genotype of rs7222094 T>C in MAP3K14 
(NIK) was associated with beneficial response among patients 
with IBD. The biological effect of the heterozygous genotype is 
unknown [108], which make it difficult to interpret the associa-
tion in MAP3K14 from a biological perspective. Further studies of 
the non-canonical NFκB pathway, e.g. by studying functional 
polymorphisms in LTA or TNFSF11 (RANKL) [149-151], could shed 
more light on any possible involvement of this pathway in anti-
TNF therapy response.  

The TNF-α signaling pathway showed that a genetically de-
termined decreased expression of TNFA (TNF-α) (rs361525) [116] 
was associated with non-response among patients with IBD.  
Furthermore, a genetically determined increase expression of the 
TNF receptor 1 (TNFRSF1A) (rs4149570) [120] was associated with 
beneficial response among patients with CD and IBD. In addition, 
a genetically determined increased expression of TNFAIP3 (A20) 
(rs6927172) [118] was associated with non-response among 
patients with IBD. A20, encoded by TNFAIP3, is known to inhibit 
NFκB activation as well as TNF-α mediated apoptosis. Thus, the 
results indicate that polymorphisms in TNFA (TNF-α), TNFRSF1A 
(TNFR1) and TNFAIP3 (A20), which upregulate TNF-α signaling, 
were associated with beneficial response to anti-TNF therapy 
among patients with IBD.  

Among cytokines regulated by NFκB, a genetically determined 
decreased expression of IL1B (rs4848306), IL6 (rs10499563) and 
IFNG (rs2430561) [119, 126, 132] were associated with beneficial 
response among patients with CD, UC and IBD. Furthermore, a 
polymorphism in IL1B (rs1143627) which has been shown to 
increase IL-1β level [121, 122], was borderline significantly 

 
 
Figure 5  
Simplified overview of the NFκB pathway highlighting the genes which were studied. 
Polymorphisms in genes associated or not associated with response to anti-TNF 
therapy among patients with IBD are written in white and red, respectively. Genes 
not studied are written in black. 
Increased gene/protein activity was associated with beneficial response (green) or 
non-response (purple). The biological effect was unclear (TLR4, TLR9, NIK) or showed 
opposite direction of effect among patients with CD and UC (MD-2) (blue). 
A significant association was only seen in CD14 and IL-1RA (inhibitor of IL-1β signal-
ing) among patients with UC. 
IBD: inflammatory bowel disease; CD: Crohn's disease; UC: ulcerative colitis. 

 
associated with non-response among patients with IBD. In addi-
tion, a genetically determined decreased IL-1 receptor antagonist 
(IL-1RA) level (rs4251961) [123] was associated with non-
response among patients with UC. IL-1RA binds to the IL-1 recep-
tor and inhibit IL-1β signaling [18]. The IL-6 receptor is not regu-
lated by NFκB and no association was found with the SNP studied 
in IL6R [127].  

This could indicate that among patients with IBD, non-
responders to anti-TNF therapy are more likely to have an in-
flammatory response mediated by other early pro-inflammatory 
cytokines than TNF-α such as IL-1β, IL-6 and IFN-γ. This suggests 
that drugs targeting IFN-γ, IL-1β or IL-6 could potentially be useful 
for treating patients, who do not respond to anti-TNF therapy. 
This interpretation is supported by the polymorphism in IL1RN, 
where a genetically determined high inhibition of IL-1β signaling 
(high IL1RA level) was associated with beneficial response. Fur-
thermore, this interpretation is also 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 re-
sponse rate to infliximab therapy among patients with CD [78]. 

The variant allele of the 597 T>C polymorphism in TLR2 
(rs3804099) was associated with beneficial response among 
patients with CD and IBD. The variant allele has been shown to 
decrease TNF-α level to approximately 67%, IL-1β level by 50% 
and IL-6 level by 40% of the wild type allele [102]. In the light of 
the other results, we expected a decreased TNF-α level to be 
associated with non-response and a decreased IL-1β and IL-6 level 
to be associated with beneficial. This indicates that the relative 
levels of the cytokines TNF-α, IL-1β and IL-6 are important in 
determining response to anti-TNF. 
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The variant allele of the 197 G>A polymorphism in IL17A was 
associated with non-response among patients with UC and IBD. 
The polymorphism has been shown to increase expression of IL-
17 [130] indicating that high level of this cytokine may also be 
associated with non-response. 

The functional SNPs studied in IL4R, IL10, IL23R, TGFB1, 
PTPN22, PPARG and NLRP3 were not associated with response to 
anti-TNF therapy. 

Overall the results indicate that patients with genetically de-
termined high TNF-driven inflammatory response benefit the 
most from anti-TNF therapy. Conversely, patients with genetically 
determined IL1B, IL6 and IFNG-driven inflammatory response 
seem to benefit the least form anti-TNF therapy. These patients 
might benefit from biological drugs targeting other cytokines such 
as IL-1β, IL-6 or IFN-γ or from a cocktail of several antibodies. 

The results in this exploratory study should be interpreted 
with care. The data were collected retrospectively and secondary 
parameters were not available for all patients. In the study 37 
SNPs were successfully genotyped. Associations between geno-
type and response were statistically analysed twice for each 
genotype, using logistic regression unadjusted and adjusted for 
age, sex and smoking status. The lowest p-value found was for 
rs3804099 in TLR2 with a p-value of 0.006. Therefore, if the re-
sults had been Bonferroni corrected for multiple tests no associa-
tions between the studied SNPs and response to anti-TNF would 
have been found. However, Bonferroni correction for multiple 
tests is very conservative and increases the risk of type II error 
(false negative) and reduces the statistical power. Another solu-
tion to test for false positive errors (type I errors) is to replicate 
the results in independent cohorts. 

On the other hand, this study was rather large including 738 
patients with IBD treated with anti-TNF. This gives the study more 
than 80% power to detect an odds ratio of 1.5 for polymorphisms 
associated with response to anti-TNF. In addition, blood and 
clinical data from these patients were collected at 18 large gas-
troenterological centres at basic and specialized hospitals in 
Denmark. Thus, the patients are representative of Danish patients 
with severe IBD.  

Our study may over estimate the number of associations as 
no correction for multiple tests was made. However, our candi-
date gene study was explorative and used for generating new 
thesis that can be used in follow-up studies to select pathways 
and genes likely to be involved in anti-TNF response. Additional 
confirmation of these findings in independent cohorts should be 
performed before our results are applied in the clinic.  

 
Consequences of predictability 
The aim of using a predictive model for patient management is to 
improve the treatment of the individual by increasing the likeli-
hood, that the patients benefit from the treatment and to avoid 
ineffective treatment with drugs that may have potentially seri-
ous side-effect.  

Predictive models are based on statistical associations and it 
is therefore unlikely, that we will be able to completely separate 
responders from non-responders. A complete separation of the 
patients probably requires an understanding on a biological level. 
Thus, a consequence of using a predictive model is that there will 
be patients in the group who are predicted as non-responders, 
who would have had effect if treated. Similarly, although the 
response rate in the group of patients predicted to be responders 
will be higher than in an unselected group of patients, non-
responders will still be treated.  

There should be an alternative medical or surgical treatment 
available for the patients predicted to be non-responders. If there 
is no attractive alternative treatment then the physician may still 
choose to treat the patient predicted to be non-responder, as the 
patient might still benefit from the treatment. For some patients 
with CD and UC the only alternative to anti-TNF therapy is surgery 
and for these patients treatment with anti-TNF may be worth-
while even if the patients are predicted to be non-responders. 

Before the patient can be predicted to be responder or non-
responder, genetic or biochemical laboratory analyses are re-
quired which can delay the treatment. However, in the case of 
anti-TNF therapy a blood sample from the patient is routinely 
screened for TB prior to the treatment and genetic analyses could 
be conducted in parallel. A delay in the treatment with anti-TNF is 
therefore not expected to be a major issue. 

 
Threshold for response 
It is difficult to set a threshold for how high or low the response 
rate should be before the patient is treated, as several factors 
influence the decision of treatment. Cost of the medication, al-
ternative therapy, side-effect of the medication and to the alter-
native therapy, and how or if the disease may evolve during inef-
fective treatment all influence the decision of treatment. All these 
variables are difficult or impossible to include in a model. There-
fore, the best option in predicting treatment response may be to 
report the patients predicted response rate as a percent-value 
and let the treating physician make the final decision. 

CONCLUSION 
A cohort of 759 previously naïve anti-TNF treated patients with 
IBD was established with the purpose of identifying genetic mark-
ers predictive of anti-TNF treatment response in clinical practice. 
The cohort was validated by comparing response rate and differ-
ences in clinical and biochemical parameters between responders 
and non-responders in our cohort with the results from other 
prospective and retrospective studies. The response rate, differ-
ence between response rate among patients with CD and UC and 
clinical and biochemical markers associated with response to anti-
TNF (smoking, age, CRP and F-calprotectin levels) in our retro-
spective cohort study reflected the findings in other studies. This 
indicates that the division of the patients into responders, partial- 
and non-responders in our study was reasonable and that the 
cohort therefore could be used as a solid foundation for further 
studies of genetic markers associated with response to anti-TNF 
therapy. 

The clotted blood obtained after Mycobacterium tuberculosis 
screening often result in low DNA yields. We therefore compared 
the efficiency of four commercial kits for extracting DNA and 
found that high quality and quantity DNA can be extracted using 
the Maxwell 16 Blood purification kit (Promega). 

We studied 39 mainly functional polymorphisms and identi-
fied 19 polymorphisms associated with response to anti-TNF 
treatment. Our results suggest that genes involved in the regula-
tion of NFκB through the TLR pathways, genes regulating TNF-α 
signaling and cytokines regulated by NFκB are important predic-
tors for the response to anti-TNF therapy among patients with 
IBD. Genetically strong TNF-mediated inflammatory response was 
associated with beneficial response to anti-TNF-therapy. In addi-
tion, patients with genetically determined high IL-1β, IL-6 or IFN-γ 
levels were less likely to respond, perhaps because the colonic 
inflammation was primarily driven by these pro-inflammatory 
cytokines. This could indicate that the cytokines IL-1β, IL-6 and 
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IFN-γ may be potential targets for treating patients with IBD who 
do not respond to anti-TNF therapy. 

Thus, the aim of using the result in basic science to get a bet-
ter biological understanding of the mechanisms involved in re-
sponse have been met, although the results await replication. The 
aim of using the associated polymorphisms in applied science to 
create a predictive model of response among patients with CD or 
UC has not yet been achieved. A predictive model would be much 
stronger if it is validated in an independent cohort.  

PERSPECTIVE  
We plan to continue our search for genetic markers which can be 
used to predict the response of anti-TNF therapy, in the cohort 
we have established. Twenty new functional SNPs in the inflam-
masome pathway have been genotyped in the IBD cohort and are 
beeing analyzed. The inflammasome is a multiprotein complex 
which is responsible for activation of inflammatory processes 
among other by activating IL-1β and by inducing IFN-γ secretion.  

In addition, we have received funding to study 16 functional 
SNPs in the apoptosis pathway. Finally, a hypothesis free GWAS 
study of the anti-TNF treated IBD cohort is in progress in collabo-
ration with professor Andre Franke, Institut für Klinische Moleku-
larbiologie, Kiel, Germany. 

In a follow-up study we are establishing a replication cohort 
to confirm our results. 

ABSTRACT 
Introduction: Anti-tumor necrosis factor-α (TNF-α) is used for 
treatment of severe cases of inflammatory bowel diseases (IBD), 
including Crohn’s disease (CD) and ulcerative colitis (UC). Howev-
er, one-third of the patients do not respond to the treatment. 
Genetic markers may predict individual response to anti-TNF 
therapy. 
Methods: Blood sent for Mycobacterium tuberculosis screening 
was collected from 01.09.2009 to 30.03.2011. Patients with CD or 
UC (K50-K51) were identified by linking CPR-numbers from the 
blood samples to the National Patient Registry. Treatment effica-
cy reflected the maximum response within 22 weeks. DNA was 
purified by Maxwell 16 Blood purification kit (Promega) and 39 
mainly functional single nucleotide polymorphisms (SNPs) were 
genotyping by LGC Genomics. 
Results: A cohort of 492 patients with CD and 267 patients with 
UC treated with anti-TNF was established. Nineteen SNPs were 
associated with response. 
Conclusion: The results suggest that polymorphisms in genes 
involved in activating NFκB through the TLR pathways, genes 
regulating TNF-α signaling and cytokines regulated by NFκB are 
important predictors for the response to anti-TNF therapy among 
patients with IBD. Genetically strong TNF-mediated inflammatory 
response was associated with beneficial response. In addition, the 
cytokines IL-1β, IL-6 and IFN-γ may be potential targets for treat-
ing patients with IBD who do not respond to anti-TNF therapy. 
These finding should be examined in independent cohorts before 
these results are applied in a clinical setting. 
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