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CHAPTER 6

Abstract 

Although genetic findings have significantly advanced our insight into inflammatory 
bowel disease (IBD) biology, there has been little progress in translating this knowledge 
toward clinical practice, like more cost-efficient drug development. Our aim was to use 
genetic knowledge to identify drugs that warrant further investigation in IBD treatment. 
We identified drugs that target the proteins encoded by IBD candidate genes using 
the DrugBank. We included proteins that are in direct protein–protein interaction 
with proteins encoded by IBD risk genes. Promising potential IBD drugs were selected 
based on a manual literature search of all identified drugs (PubMed, ClinicalTrials.
gov). We have identified 113 drugs that could potentially be used in IBD treatment. 
Fourteen are known IBD drugs, 48 drugs have been, or are being investigated in IBD, 
19 are being used or being investigated in other inflammatory disorders treatment, and 
32 are investigational new drugs that have not yet been registered for clinical use. We 
confirm that proteins encoded by IBD candidate genes are targeted by approved IBD 
therapies. Furthermore, we show that Food and Drug Administration–approved drugs 
could possibly be repositioned for IBD treatment. We also identify investigational new 
drugs that warrant further investigation for IBD treatment. Incorporating this process in 
IBD drug development will improve the utilization of genetic data and could lead to the 
improvement of IBD treatment.
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Introduction

Inflammatory bowel disease (IBD), consisting of Crohn’s disease (CD) and ulcerative colitis 
(UC), is a chronic inflammatory disorder of the gastrointestinal tract. IBD is a disease in 
which periods of inflammation are alternated by periods of remission.1 IBD is a common 
disease: 1 in 1000 individuals in Western Europe suffer from it.2 The exact cause of IBD is 
unknown, but the current hypothesis is that IBD is caused by a combination of genetic 
predisposition and environmental factors.3 

Discovering new drugs for IBD is very important, because no optimal medical treatment 
for the disease is available yet and between 35 and 70% of IBD patients need to undergo 
surgery with potentially invalidating resections of the inflamed intestine or colon.4,5 The 
current limitations in our medical treatment for IBD negatively influences daily life of IBD 
patients on many levels and can result in a severe decrease in quality of life.6 However, 
developing new drugs is extremely expensive: the development of around 20 molecular 
entities per year (the current rate of drug development in the US) costs approximately 
60 billion US dollar. These high costs are mostly due to the fact that most investigational 
new drugs (INDs) fail before or at their phase I trials, because their in vivo effect is different 
from their in vitro effect.7 These expenses show the need to reconsider current drug 
development strategies in order to make drug development much more cost efficient. To 
this end, models have been established for “external innovation” in drug development, 
meaning, for example, that the pharmaceutical industry should collaborate more with 
academia.8 

It has recently been shown that using information on the genetic background of a disease 
can increase the success rate in the clinical development of drugs. Drugs targeting 
proteins encoded by genes that are associated to a specific disease are more likely to 
make it to clinical approved therapy than drugs that target proteins that are not encoded 
by genes associated with that disease under study.9 Using the genetic background of a 
disease to identify drug targets can therefore make drug development easier and much 
more cost-efficient.9 

The genetic epidemiology of IBD has been studied through genome wide association 
studies (GWAS). At this moment, more than 200 independent risk loci in IBD have been 
identified.10,11 These findings have significantly advanced our insight into the biology of 
IBD. Autophagy, for example, was identified as an important process in IBD pathogenesis.12 
Another important observation from GWAS is that a large fraction of risk genes are shared 
between multiple inflammatory diseases; rheumatoid arthritis (RA) and IBD for example 
share at least 14 genetic risk loci.13 



114

CHAPTER 6

In spite of these enormous advances, there has been little progress in translating this 
knowledge towards clinical practice.14,15 Specifically, there have been little to no efforts 
to translate the IBD genetic findings into drug discovery or drug repositioning. Okada 
et al. provided an example of how to translate genetic knowledge to clinical practice by 
showing that putative risk genes for RA are targets of approved therapies for RA. Okada 
et al. suggest that drugs that target proteins encoded by RA risk genes and that are 
approved for other indications may be repurposed for the treatment of RA.16 

The aim of this study is therefore to use the knowledge on the genetic background of IBD 
to provide the IBD research community with a list of potential drugs for IBD treatment. 
We do this by compiling a list of all known IBD risk genes and the genes that connect 
directly with these risk genes in biological pathways, and to identify biologicals or small 
molecules targeting proteins encoded by these genes.  

Materials and methods

Identification of IBD candidate genes 
For this study we used genetic risk loci associated with IBD, which were identified from 
previously published GWAS. Each risk locus associated with IBD can contain multiple 
genes and in order to identify the candidate genes in these regions, a commonly used 
gene prioritization strategy was conducted.10,11 This gene prioritization strategy goes 
through four consecutive steps: 1) Expression quantitative trait locus (eQTL): an eQTL is 
a genetic variant that strongly correlates with the expression levels of messenger RNA 
(mRNA). By detecting which mRNAs are influenced by the IBD associated genetic risk 
variants, the genes regulated by the IBD associated risk genetic variants are identified 
as risk candidate genes.17 2) Coding genetic variants: genes that contain the IBD risk 
genetic variant as a coding genetic variant or that contain coding genetic variants in 
strong linkage disequilibrium (LD) with the IBD risk genetic variant are considered risk 
genes. LD means that variants in the DNA inherit together because they are on the same 
string of DNA that does not break during cell division.18 3) GRAIL analysis: GRAIL uses 
a statistical framework that assesses the significance of relatedness between genes in 
disease regions. GRAIL also uses a text-based similarity measure that scores two genes 
for relatedness to each other based on text in PubMed abstracts to prioritize genes within 
a IBD susceptibility locus.19 4) DAPPLE: DAPPLE analyses whether proteins encoded by the 
putative risk genes interact with genes in other risk loci, either directly or indirectly and 
thus identifies additional genes that could contribute to disease.20 
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Protein-protein interaction analysis
We analysed protein-protein interactions (PPIs) to gain insight into the networks in 
which the protein targets of approved IBD therapies function. In addition, we analysed 
whether there was a PPI between the protein targets of approved IBD therapies and 
proteins encoded by IBD candidate genes. We did this by using the DAVID, KEGG and 
BioCarta databases.21-23 DAVID is a web-based database that provides direct and indirect 
PPIs and protein pathways for uploaded gene names from other databases, like KEGG 
and BioCarta.21 For this research we only used the direct PPIs, because these PPIs show a 
direct link between protein targets of approved IBD therapies and proteins encoded by 
IBD candidate genes.  KEGG and BioCarta provide maps in which protein pathways are 
visualized.22,23 In order to study which proteins were in direct PPI with protein targets of 
approved IBD therapies, diagrams from the KEGG and BioCarta databases were studied.  

Linking IBD genes to drugs 
The Drugbank (www.drugbank.ca) is the largest publicly available drug database 
containing 7737 drugs and additional information about these drugs, like the protein 
targets of the drugs and the genes encoding these protein targets.24 We developed an 
algorithm using R that links putative IBD genetic drug targets directly to drugs by using the 
Drugbank. R is a language and environment for statistical computing and development 
of graphics.25 In order to use the Drugbank download in R, the XML R Package was used.26 
Our algorithm consists of three parts. First of all, we identify synonyms of gene names 
by using the R package “org.Hs.eg.db”.27 By identifying synonyms of gene names, we 
prevent ourselves from missing drugs whose gene targets are listed in the Drugbank 
under synonym names. We then identify the column listing the gene targets of the drugs 
in the Drugbank XML file. We match our candidate genes to the gene targets in the 
Drugbank database. Finally, the algorithm exports a list of drugs that target the proteins 
encoded by our candidate IBD genes. 

Literature search 
The next step of this study was a manual literature search to assess which drugs identified 
in the previous steps were the most promising drugs for IBD therapy by using PubMed 
(www.pubmed.gov, last search March 1st 2016) and ClinicalTrials.gov (www.clinicaltrials.
gov).  This step is essential, because the drugs identified in the previous steps were only 
selected based on an interaction between a certain protein encoded by a candidate gene 
and a drug. The nature of this interaction is unknown; some drugs that we identified 
might have effects opposite to the effects that we aim for in IBD therapy. ClinicalTrials.
gov is a web-based database in which clinical trials are listed. We took ClinicalTrials.gov 
into account to make sure that a drug that was reported to be effective in an article 
in PubMed was not reported to have i.e. severe side effects in never published trials 
registered in ClinicalTrials.gov. 
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We selected registered drugs as potential candidates for drug repositioning by using 
three criteria. 1) Known IBD drugs: we checked whether a drug is already used in the 
treatment of IBD or if it has been investigated as a therapy in IBD. We used the following 
query at PubMed and Clinicaltrials.gov: (“Drug”) AND (“IBD” OR “Crohn” OR “ulcerative 
colitis” OR “ colitis”). These queries allowed us to analyse whether a drug was used in 
the treatment of IBD, investigated in IBD or if the drug causes colitis-like side effects. 2) 
Efficacy in other inflammatory diseases: we studied whether a drug has been investigated 
or is being used for treatment in other inflammatory disorders. We used the following 
query: (“Drug”) AND (“auto” OR “auto immune” OR “autoimmune” OR “inflammation” OR 
“inflammatory”). 3) Suitable working mechanism: we studied whether an identified drug 
could potentially be suitable for treating IBD based on their working mechanism. This 
step was performed if the previous two steps led to no association. All the drugs were 
selected based on evidence from phase I/II/III randomized clinical trials (RTCs) or animal 
studies. Drugs were excluded based on four criteria: 1) The drug had no hits in Pubmed 
or Clinicaltrials.gov. 2) The drug was proven not to be effective based on evidence from 
phase I/II/III RTCs or animal studies in IBD or other inflammatory disorders. 3) The drug 
had (severe) side effects, for example colitis-like side effects. 4) The drug was not yet 
tested in RCTs or animal studies and therefore there is too little knowledge about the 
drug.  

Statistical analysis
In order to statistically validate our method of drug identification by using genetic 
information, we performed a permutation method described earlier by Okada et al.16 We 
used the following information: 1. IBD candidate genes which encode protein targets 
of approved IBD drugs and their direct PPIs (=n

a
 genes) 2. Genes which encode proteins 

targeted by approved IBD medical therapies (=n
b
 genes) 3. Genes which encode proteins 

of all approved medical therapies (=n
c
 genes). 4. The entire PPI network of n

a
. We made 

random samples of n
a
 and n

b
 genes from the entire PPI network and repeated this step 

10,000 times. We then studied the following three steps in the 10,000 random sets and 
set the results of these as our null-distributions: i. Overlap between n

a
 and n

b
 ii. Overlap 

between n
a
 and n

c
 iii. The relative overlap by dividing step i through step ii. Hereby we 

tested the effect of chance in the identification of drugs by our observed genes by using a 
one-sided permutation test. A P-value of <0.05 was considered significant. After this step 
we calculated the fold enrichment of the overlap we found compared to chance by using 
our previously sampled null distributions. In order to do so, we divided our observed 
genes through the means of each null distribution.  
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Results

Identification of IBD candidate genes 
We identified 362 candidate genes for IBD derived from the genetic risk loci identified 
through previously published GWAS by using the previously described gene prioritization 
strategy.10,11 129 candidate genes were identified by eQTL analyses, 27 candidate genes 
by coding genetic variants analyses, 224 by GRAIL analyses and 70 by DAPPLE analyses. A 
total of 88 candidate genes overlapped throughout the four gene prioritization strategy 
steps. 

Drug identification 
We used the 362 identified IBD candidate genes and 5 direct PPIs to identify drugs 
(Figure 1). By using our algorithm we identified the synonym names for these genes, 
which resulted in a list of 1655 gene names for the next step in the algorithm. Using 
our algorithm to link these gene names to drugs we identified 359 drugs that target IBD 
candidate genes. We performed a manual literature search of these 359 drugs as described 
above. Based on this literature search we excluded 246 IBD linked drugs (Table S1) for any 
of the following reasons: 1) 117 drugs were not listed in PubMed or Clinicaltrials.gov, so 
there is a lack of information to judge their potential efficacy for the treatment of IBD. 2) 
57 drugs had severe side effects, for example colitis-like side effects. 3) 41 drugs were not 
tested in phase I/II/III RCTs or animal studies in IBD, other inflammatory disorders and/or 
any other disorder at all. 4) 31 drugs were not effective in IBD, meaning that a drug was 
proven to be not effective in IBD or other inflammatory disorders based on phase I/II/III 
RCTs or animal studies. Another option in this group is that a drug did not have a rational 
working mechanism for IBD, i.e. a drug is an agonist of a protein, which is known to be 
overexpressed in IBD patients.

After exclusion, 113 drugs (Table S2) remained that according to our method could be 
considered good candidate drugs for IBD treatment. These drugs were divided into four 
groups based on their characteristics. 
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Figure 1. Flowchart of the steps we took in our analysis and which eventually led to the 
identification of 113 potential drugs for inflammatory bowel disease (IBD).  

Drugs registered for IBD treatment that indeed target IBD risk genes
First of all we found that 74 percent (14 out of 19) of drugs approved for the treatment of 
IBD, target proteins encoded by IBD risk genes, either directly or through one PPI (Figure 
2).28,29 We identified 54 n

a
 genes, 38 n

b
 genes, 871 n

c 
genes and 2474 genes in the total 

PPI network. We observed 12 IBD candidate genes, which overlapped with approved IBD 
therapies with a fold enrichment of 14.6 (P < 1.0 x 10-5). Furthermore, we observed 25 IBD 
candidate genes overlapping with all approved medical therapies with a fold enrichment 
of 1.3 (P<0.05). We identified a relative overlap of 0.48 with a fold enrichment of 10.7 (P<1.0 
x 10-5). These results statistically validate our method. For example the 5-aminosalicyclic 
acid derivatives Mesalazine and Sulfasalazine directly target the protein encoded by 
the IBD candidate gene PTGS2 and indirectly target the proteins encoded by the IBD 
candidate genes NFKB1 and RELA. Tumor necrosis factor (TNF) blocking agents (anti-
TNFα) Infliximab, Adalimumab and Golimumab target TNF, which is in direct PPI with the 
proteins encoded by the IBD candidate genes NFKB1, TNFRSF1A and MAPKAPK2, which 
shows a possible working mechanism for anti-TNF in IBD. 

	 Gene	prioritization	strategy:	
367	identified	IBD	
candidate	genes/direct	PPI	

Using	R	script	for	identifying		
gene	synonyms	and	linking	
drugs	from	Drugbank	/TTD	 

1655	IBD	gene-names	
linked	to	359	drugs	 

246	identified	drugs	excluded:	
117	no	hits	Pubmed 
57	severe	side	effects	 
41	too	little	knowledge	available 
31	not	effective		 

113	IBD	potential	drugs: 
14	used	in	treatment	IBD 
48	investigated	in	IBD 
19	used/investigated	in	other	inflammatory	disorders 
32	interesting	working	mechanism 
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Figure 2. Full list of the connections between inflammatory bowel disease (IBD) genetic risk 
variants (red boxes), the IBD candidate genes associated with these genetic risk variants 
(green boxes), genes from the additional protein-protein interaction (PPI) network (purple 
boxes) and approved IBD drugs (orange boxes). The black lines show connections from IBD 
genetic risk variant to the target drug. 5 of the 14 approved IBD drugs are directly connected 
to an IBD genetic variant, the others are connected through one PPI. 

Drugs which are being investigated in IBD and which target IBD genes 
In the previous step we validated our method by showing that approved IBD drugs do 
indeed target proteins encoded by IBD risk genes. After this, we focused on drugs that 
were linked to IBD risk genes in our method and which have already been or are being 
investigated in IBD, either by an RCT or through preclinical animal studies. This selection 
resulted in a group of 48 drugs out of 196 drugs (25 percent) that are currently being 
investigated for their use in IBD (clinicaltrials.gov, last search March 1st 2016) (We have 
highlighted some drugs in Figure 3, the full list is available in Table S2).  One example is 

rs10798069	 PTGS2		

rs3774959	 NFKB1	 CHUK,	IKBKB		

Mesalazine	
Sulfasalazine	

rs2231884	 RELA	

rs7134599	 IFNG	 Olsalazine	

rs3774959	 NFKB1	 TNF		
Infliximab	
Adalimumab	
Golimumab	

rs7954567	 TNFRSF1A	

rs3024505	 MAPKAPK2	

rs1801274	 FCGR2A	FCGR2B	
FCGR3A	FCGR3B	

Adalimumab	
Natalizumab	

rs11879191	 ICAM1	 Natalizumab	

rs3774959	 NFKB1	 NR3C1	 6	CorPcosteroids	

rs564349	 DUSP1	

rs1126510	 CALM3	 PPP3R2		 Ciclosporin	

IBD	genePc	risk	
variants	

IBD	candidate	
genes	 Target	drugs		

Genes	in	
direct	PPI	
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Tofacitinib, one of the new drugs within the group of the Janus kinase (JAK) inhibitors, 
which targets among others the IBD candidate gene JAK2.24 JAK is in direct PPI with the 
protein signal transducer and activator of transcription (STAT). The JAK/STAT pathway is 
involved in many inflammatory pathways, and leads to an increase of pro-inflammatory 
cytokines, like the interleukines (ILs) IL17A, IL17F, IL22 and IL20, cytokines, which are 
expressed by T-helper 17 (Th17) lymphocytes. Previous studies have shown that the Th17 
pathway is involved in IBD, and that the aforementioned cytokines are overexpressed 
in the inflamed gut of IBD patients.30 Tofacitinib has been investigated in IBD in phase II 
RCTs. In CD patients the efficacy of Tofacitinib was limited.31 Tofacitinib showed efficacy in 
both induction and maintenance of remission in UC patients.32 This shows that Tofacitinib 
could be a very interesting drug for the treatment of IBD, especially for UC. Thalidomide 
is another interesting candidate in this group. Thalidomide targets the IBD candidate 
gene PTGS2. Clinical trials have already shown that Thalidomide can be effective for the 
treatment of IBD, however the numbers of IBD patients enrolled these trials were small 
and the follow-up was limited which means that further studies are required.33 Previous 
research has shown that the pro-inflammatory TNFα and IL12 cytokine levels in colonic 
lamina propria mononuclear cells and peripheral blood monocytes were decreased 
after the administration of Thalidomide in CD patients.34 Thalidomide can therefore be 
interesting for the treatment of IBD. Thalidomide is controversial as a therapeutic drug, 
mostly due to its teratogenity. However, standard IBD therapies like methotrexate are 
also teratogenic.35 Therefore, we should not abandon further research of the use of 
Thalidomide for the treatment of IBD altogether.36,37

Figure 3. The connections between inflammatory bowel disease (IBD) genetic risk variants 
(red boxes), the IBD candidate genes associated with these genetic risk variants (green 
boxes) and 7 examples of drugs (orange boxes) which have been investigated in IBD but are 
not (yet) listed in the European treatment protocols for IBD patients.28,29  For the full list of 
48 identified drugs in this category: see Table S2 

rs11168249	 VDR	 4	Vitamin	D	
analogues		

rs10758669	 JAK2	 Tofaci@nib	

rs6025	 SELP	 Heparin	

rs10798069	 PTGS2	 Thalidomide		

IBD	gene@c	risk	
variants	

IBD	candidate	
genes	 Target	drugs		
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Identified drugs under investigation or approved for treatment of other 
inflammatory diseases   
We identified 19 drugs targeting proteins encoded by IBD candidate genes, which 
are approved for or are being investigated for the treatment of other inflammatory 
disorders (Selection in Figure 4, full list given in Table S2). Ruxolitinib for example is a JAK 
inhibitor, which targets the IBD candidate gene JAK2.  Ruxolitinib is registered for use in 
myelofibrosis.38 The drug has also been tested in RA in a double blind phase IIa RCT that   
showed a high efficacy of Ruxolitinib.38 As described earlier, the JAK/STAT pathway is 
important in IBD, so testing of Ruxolitinib for its efficacy in the treatment of IBD should be 
considered. Another example of a drug targeting IBD risk genes and being tested for the 
treatment of other inflammatory diseases is the drug Muromonab, an immunosuppressive 
agent. Muromonab is directed against the CD3 receptor located at T lymphocytes, 
encoded by the IBD FCGR2A, FCGR2B, FCGR3A and FCGR32B candidate genes. Muromonab 
has been approved for use in patients with acute transplant rejection.24 Animal models 
have shown that Muromonab has an effect on autoimmune reactions, specifically T cell 
activation and research in healthy individuals has shown a decrease in IL2, inhibiting Th1 
activation, after administration of Muromonab.39,40 A phase II placebo-controlled trial 
showed efficacy of this drug in patients with autoimmune diabetes which shares part 
of its genetic background with IBD.39 Based on the fact that they target IBD risk genes 
and based on their favourable affects in other inflammatory disorders Ruxolitinib and 
Muromonab are promising potential new drugs for IBD. 

Figure 4. The connections between inflammatory bowel disease (IBD) genetic risk variants 
(red boxes), the IBD candidate genes associated with these genetic risk variants (green 
boxes), 5 examples of drugs (orange boxes) which are investigated in other inflammatory 
disorders (blue boxes) and could also be effective in IBD. For the full list of 19 identified 
drugs in this category: see Table S2.

rs10758669	 JAK2		 Ruxoli5nib	 Rheumatoid	
arthri5s	

rs917997	 IL1R1	 Anakinra	

rs1801274	
FCGR2A	FCGR2B	
FCGR3A	FCGR3B	

Alemtuzumab	 Mul5ple	sclerosis	

rs2284553	 IFNAR1	 Interferon	
beta-1b	

rs1801274	 FCGR2A	FCGR2B	
FCGR3A	FCGR3B	 Muromonab		 Psoria5c	arthri5s	

IBD	gene5c	risk	
variants	

IBD	candidate	
genes	 Target	drugs		 Diseases	
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Investigational new drugs targeting IBD candidate genes
We identified 32 experimental or INDs, which have a working mechanism that render 
them potential new drugs for the treatment of IBD (Selection in figure 5, full list in Table 
S2). An example of an IND that could potentially be effective in the treatment of IBD is 
INCB9471, an orally available C-C chemokine receptor type 5 (CCR5) antagonist, a drug 
which is used to treat HIV/AIDS.24 Researchers studied the role of CCR5 in inflamed mucosa 
of IBD patients. They found that lymphocytes surrounding granulomas in CD patients 
have a high expression of CCR5. This implies that CCR5 inhibition could be interesting for 
IBD, especially for CD patients.41 

Figure 5. The connections between inflammatory bowel disease (IBD) genetic risk variants 
(red boxes), the IBD candidate genes associated with these genetic risk variants (green 
boxes) and 13 examples of drugs (orange boxes), which have an interesting working 
mechanism for IBD and could therefore contribute to improved treatment of IBD patients. 
For the full list of 32 identified drugs in this category: see Table S2.

Discussion 

The aim of this study was to use the knowledge on the genetic background of IBD to 
identify new drug targets for IBD and identify biologicals or small molecules that could 
be repurposed for the treatment of IBD because they target proteins encoded by IBD 
candidate genes. We found a total of 113 drugs linked to IBD candidate genes. First of all, 
we validated our method by showing that 14 known IBD drugs target proteins encoded 
by IBD risk genes. The one-sided permutation test has shown that this identification is 
significant, which implies that the identified drugs are unlikely to have been identified 

rs11168249	 VDR	 4	Vitamin	D	
analogues		

rs2945412	 NOS2	
7	Nitric	oxide	
synthase	
pathway		

rs113010081	 CCR5	 INCB9471	

rs3774959	 FCGR2A,FCGR2B,	
FCGR3A,FCGR3B	 Abciximab	

IBD	geneMc	risk	
variants	

IBD	candidate	
genes	 Target	drugs		
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by chance. Secondly, we identified 48 drugs that target IBD candidate genes that have 
already been investigated in IBD, either through RCTs or through animal studies. Thirdly, 
we identified 19 drugs that target IBD candidate genes, which are used or investigated 
in other inflammatory disorders. Finally, we identified 32 experimental or investigational 
new drugs that target IBD candidate genes and thus are promising potential new drugs 
for IBD. 

At this moment limited data is available of translating findings of the genetic epidemiology 
of IBD through GWAS into clinical practice. Okada et al. provided an example of clinical 
translation of this genetic knowledge by showing that putative risk genes of RA are 
targets of approved therapies of RA. They also suggest that drugs approved for other 
indications may be repurposed for the treatment of RA.16 It has recently been shown that 
using information on the genetic background of a disease can increase the success rate 
in the clinical development of drugs.9 

Developing new drugs for IBD is very important, because an optimal treatment is not 
yet available. Medical treatments fail in IBD patients in at least 50% of IBD patients 
during their lifetime, which means they need to undergo surgery often with resection 
of the inflamed intestine or colon.4,5 Developing new drugs, to prevent surgery for these 
patients, is however extremely expensive. This is mostly due to the fact that one cannot 
predict the working mechanism of an investigational drug in vivo and hence more than 
80% of investigational new drugs are never registered for use.7 These expenses show 
the need to reconsider the current drug development strategies in order to make drug 
development much more cost efficient.8 We believe that a good way of improving drug 
development is the use of the genetic background of a disease to identify potential drug 
targets, since drug targets based on the genetic background of a disease can increase the 
success rate in the clinical development of the drug in that specific disease.9 

Although we identified many drugs that could be repositioned for treatment of IBD, it is 
likely that we have missed potential drugs in this study. This is mainly due to limitations of 
the databases needed for this study: the number of genetic risk loci for IBD is still rising, 
and the databases linking genetic variations to genes and those linking genetic targets 
to drugs are as yet incomplete and only limited data is publicly available for the research 
community. These databases will be completed as research progresses. 

Further progress of research on the biological effects of the IBD candidate genes will 
help us to make more informed decisions on which genes to include in the analysis. 
This will improve our ability to adequately predict potential new drug therapies. Lack 
of publicly available knowledge on the working mechanisms of drugs means that for 
certain drugs their gene-target is not known and thereby we are missing potential IBD 



124

CHAPTER 6

drugs. We also experienced in the excluded drugs that we lack knowledge about their 
working mechanism.  For example, we had to exclude 156 drugs because no thorough 
knowledge of their working mechanism is available. So, even though we performed 
an advanced literature search to predict the function of the drug based on its effect in 
other (inflammatory) disorders, it was often still unclear what the effects of a certain drug 
linked to a candidate gene were. We also excluded 58 drugs due to severe side effects, 
i.e. colitis-like side effects. However, as all registered IBD drugs have potential severe side 
effects, this should not be a reason to abandon further research.28,29 Further progress of 
research into the biological effects of these drugs will also improve our method.

One might argue that the drugs that we selected as potential IBD drugs based on genetic 
data are unlikely to have a large effect on the disease, since the genetic risk effect of each 
genetic risk variant is relatively small. However, previous research has shown that even 
if a certain gene does not contribute that much to the occurrence of a disease, targeting 
that gene with a drug can have a very large impact. A striking example of this are HMG-
CoA reductase inhibitors, which have a major impact on LDL-cholesterol levels in blood.41 
In the general population however, the genetic variants in the gene encoding HMG-CoA 
reductase have only very small effects on the levels of LDL-cholesterol.42 Finally, we do not 
have all the information available to rank the drugs we identified for two main reasons. 1) 
Gene identification is an on going process and not all the genetic information of IBD has 
been identified. 2) Our knowledge on the working mechanism of the drugs are far from 
complete and therefore our genetic drug target list is incomplete. 

In this study we provided one of the first steps of drug identification by using genetic 
information. In the future, more research on several levels, will improve our drug 
identification method. First of all more research in the identification of drug targets 
would provide more insight in the identification of drugs. In this study we had to rely 
on publicly available data, which is far from complete. A way to improve this is to get 
more transparency from the pharmaceutical industry. By sharing this knowledge we 
can create a more complete and reliable public drug database. Secondly, tissue specific 
expression quantitave trait loci analyses could increase our power to identify drug targets. 
Insight into the direction and tissue-specificity of gene expression would improve the 
sensitivity and specificity of our method. Finally, the identified drugs could shed light 
on the functional background of risk genes by showing on which cells or pathways are 
affected.  This could improve our knowledge on IBD pathogenesis, by increasing our 
knowledge on how IBD candidate genes contribute to disease.44 Initiatives like the Centre 
for Therapeutic Target Validation are ongoing to combine data from the pharmaceutical 
industry and the academic researchers to provide more answers of using human genetics 
in drug identification.44,45 
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All in all, while by no means conclusive, this preliminary study using genetics for drug 
identification in IBD provides the IBD research community with over 50 promising 
potential IBD drugs that are available but are currently not being studied for use in IBD 
therapy. Some of these are drugs registered for other disorders and could hence be 
studied in phase IIB studies. Others are investigational new drugs, which have passed 
phase I trials and could thus be studied in phase IIA studies for IBD. Meanwhile patients, 
failing standard therapy, are awaiting the registration of new drug therapies such as anti-
SMAD7 (Mongersen) or anti-MAdCAM, to put off major surgery, many of them suffering 
from active disease with major impacts on their quality of life. We should pursue the low 
hanging fruits of potential IBD drugs identified in this study in order to quickly improve 
the quality of life and surgery-free survival of IBD patients.

Supplementary materials 
https://academic.oup.com/ibdjournal/article/22/11/2562/4561710#108226177
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