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Exploring inflammatory bowel
disease therapy targets through
druggability genes: a Mendelian
randomization study
Shuangjing Zhu, Yunzhi Lin and Zhen Ding*

Department of Hepatobiliary Surgery, Chaohu Hospital of Anhui Medical University, Hefei, China
Background: Inflammatory bowel disease is an incurable group of recurrent

inflammatory diseases of the intestine. Mendelian randomization has been

utilized in the development of drugs for disease treatment, including the

therapeutic targets for IBD that are identified through drug-targeted MR.

Methods: Two-sample MR was employed to explore the cause-and-effect

relationship between multiple genes and IBD and its subtypes ulcerative colitis

and Crohn’s disease, and replication MR was utilized to validate this causality.

Summary data-based Mendelian randomization analysis was performed to

enhance the robustness of the outcomes, while Bayesian co-localization

provided strong evidential support. Finally, the value of potential therapeutic

target applications was determined by using the estimation of druggability.

Result:With our investigation, we identified target genes associated with the risk of

IBD and its subtypes UC and CD. These include the genes GPBAR1, IL1RL1, PRKCB,

and PNMT, which are associated with IBD risk, IL1RL1, with a protective effect

against CD risk, and GPX1, GPBAR1, and PNMT, which are involved in UC risk.

Conclusion: In a word, this study identified several potential therapeutic targets

associated with the risk of IBD and its subtypes, offering new insights into the

development of therapeutic agents for IBD.
KEYWORDS

inflammatory bowel disease, ulcerative colitis, Crohn’s disease, Mendelian
randomization, therapeutic target
1 Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory disease of the intestine

represented by Crohn’s disease (CD) and ulcerative colitis (UC), which seriously affect the

quality of life and health of millions of people worldwide (1). As newly industrialized

countries experience economic growth and lifestyle changes, factors such as diet,
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environmental exposures, and genetic inheritance may be closely

linked to the risk of developing IBD (2). By 2025, it is predicted that

newly industrialized countries may have a higher number of people

with IBD compared to the Western world. This trend has elevated

IBD to an important global public health issue (3).

IBD symptoms encompass intestinal manifestations such as

diarrhea, blood in the stool, and abdominal pain, greatly impacting

patients’ daily life and overall quality of life (4). Furthermore, IBD

can lead to complications including malnutrition, cardiovascular

diseases, liver and biliary tract disorders, and other intestinal

manifestations, posing significant risks to human health (5).

Currently, IBD is mostly treated through drug regimens, with

commonly used therapeutic agents including anti-inflammatory

drugs, immunosuppressants, and biologics (6). Yet, these drugs

have possible side effects and are not consistently effective in a

subset of patients (7). Firstly, for instance, the anti-inflammatory

drug 5-aminosalicylic acid is a preferred treatment for mild-to-

moderate UC disease, but an adverse gastrointestinal reaction such

as nausea and vomiting can occur with them (7). Second, the

biologic agent infliximab (IFLX) treats IBD by hastening the

death of pro-inflammatory cells, while prolonged use of IFLX

may lead to the possibility of infection, allergy, and even

malignancy (8). Third, the immunomodulator azathioprine

increases the potential for hepatotoxicity and pancreatitis (9).

Hence, the quest for new therapeutic strategies and targets is

becoming an ongoing important direction in IBD research.

Genome-wide association studies (GWAS) uncover disease-

associated single nucleotide polymorphisms (SNPs) that enable

scientists to pinpoint associations between genetic variants and

specific diseases, which can be used to aid in the identification and

validation of drug targets (10). Nevertheless, disease-causing genes

cannot be fully characterized by GWAS analysis alone. Mendelian
Frontiers in Immunology 02
randomization (MR) is a genetic statistical method for assessing the

causality among exposures and outcomes, which minimizes the

interference of confounders and reverse cause and effect since

genetic variants follow the principle of Mendelian random

assignment at the time of conception and are independent of

social background and lifestyle (11). Gene expression levels are

influenced by genetic variation (eQTL), and cis-expression

quantitative trait loci (cis-eQTL) serve as proxies for the gene

expansion levels (12). Using drug target MR methods to analyze

independent disease abstract GWAS summary datasets and gene

cis-eQTL to identify relevant genes causing complex traits (13).

This research aims to contribute to the development of

therapeutic targets for IBD by exploring causative genes

associated with both the UC and CD subtypes of the disease.
2 Materials and methods

2.1 Research methods

The study methods were compliant with the STROBE-MR checklist

(14), further details can be found in Additional File 1. The study design is

depicted in Figure 1. In this study, our first step involved utilizing MR

methods to evaluate the causal relationship between druggable genes in

blood and IBD, encompassing both UC and CD subtypes (15, 16).

Additionally, we employed replicated MR, Summary data-based MR

analysis (SMR) approaches, along with the heterogeneity in dependent

instruments (HEIDI) test, to enhance the robustness of our MR results

(12). Subsequently, we conducted a Bayesian co-localization analysis to

identify common causal SNPs shared between the genes and the risk of

IBD (17). Lastly, we estimated the druggability of the identified genes to

investigate their potential as effective therapeutic targets for IBD.
FIGURE 1

Research design.
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2.2 Data sources

Exposure data were extracted from the eQTLGen consortium

(https://eqtlgen.org/) and eQTL meta-analysis of peripheral blood

samples from 31,684 individuals, with information about 16,987

genes (16). The druggable genes are from a previous study

containing a total of 4,479 druggable genes. After removing the

null values and genes not located on the autosomes, the number of

actionable genes is 4302, We utilized the cis-eQTL for these 4302

genes as exposure (15). IBD GWAS abstract data from the

International Inflammatory Bowel Disease Genetics Consortium

(IIBDGC, https://www.ibdgenetics.org/), including 12,882 cases of

IBD, 6,968 cases of UC, and 5,956 patients of European ancestry

with CD (Table 1) (18). We also get GWAS summarized data for

IBD, UC, and CD from FinnGen’s version R9 database for

replication MR analysis (https://r9.finngen.fi/), including 7625

IBD,5034 UC, and 1665 CD patients (Table 1). FinnGen

Database is a project containing a large number of bio-samples

and relevant diagnostic techniques to gather data from national

health registries of the Finnish population since 1969. The program

aims to delve deeper into the relationship between the genome and

health as well as to provide valuable information to the general

public health system to promote medical research into the etiology

of diseases in the population (19).
2.3 Selection of cis-eQTLs associated with
druggable genes

To obtain cis-eQTL data for drug target genes and allele frequency

information, only statistically significant cis-eQTLs with an FDR <0.05

were included (13). To generate the genetic instrumental variables used

to proxy the 4302 druggable targets, we performed a series of

manipulations. First, we chose cis-eQTL within ±100kb from the

genomic transcriptional start site, based on the 1000G Genome

Europe reference panel setting r2 < 0. 1 to avoid the effect of chain

imbalance (20). Second, we carried out a scan in the PhenoScanner

database (https://www.phenoscanner.medschl.cam.ac.uk) to delete

SNPs that were linked to confounders and IBD, to prevent the

interference of confounders (21). Third, to guard against the biasing

effects of weak instrumental variables, the F-value statistic was

calculated by the formula b²/SE², and when the F-value was less than

10 it would be excluded (22). Finally, the palindromic SNPs might not
Frontiers in Immunology 03
affect gene expression and protein functions, we will remove those

palindromic SNPs with allelic frequencies.
2.4 MR analysis

For our MR study, we conducted two-sample MR analyses

using cis-eQTL and outcomes. When screened exposures have only

one SNP, Wald ratios were applied as the principal analysis method.

In cases where there were more than two SNPs, inverse variance

weighted (IVW) models were estimated to estimate the effect of

each exposure on the outcome, with MR-Egger, MR-RAPS,

Maximum likelihood, and Weighted median methods as

additional methods (23–25). The genes were only incorporated

into the next step of the analysis when four of the five methods were

in alignment with each other in the same direction. We deployed

Cochran’s Q and MR-Egger intercept tests to examine possible

heterogeneity and horizontal pleiotropy of the filtered instrumental

variables (26, 27). MR-Steiger was enlisted to assess the potential

reverse causality of exposure on outcome (28). When the gene was

significant in both the primary MR and replication MR analyses,

we proceeded to SMR analysis to further validate the MR results.

SMR is the process of using GWAS-level summary data and eQTL

to be used for investigating whether there is any causal relationship

between one or more genes and specific phenotypes, using HEIDI to

test the results (12). SMR software (https://yanglab.westlake.edu.cn/

software/smr/) by using the SMR analysis and HEIDI assay.

MR analysis using R software TwoSampleMR package (0.5.7) for

analysis. We utilize the Bonferroni correction for multiple checks.
2.5 Co-localization analysis

We concluded with a Bayesian co-localization analysis of genes

that were multiply corrected by MR and SMR. Co-localization analysis

combines information from multiple SNPs or other genetic variants to

determine whether genes and diseases exist at similar locations in the

genome or interact with each other. We use default a priori

probabilities p1 = 1E-4, p2 = 1E-4, and p12 = 1E-5, representing the

likelihood that an SNP in a selected region is associated with significant

gene expression, IBD risk, and both. The posterior probabilities were

verified against five hypotheses: pp.H0, SNPs were not associated with

any of the traits; PP.H1, SNPs were correlated with gene expression but
TABLE 1 IBD and its subtypes UC and CD data source details.

Disease Cases Controls Population No SNPs

IBD(IIBDGC) 12882 21770 European 12716084

UC(IIBDGC) 6968 20464 European 12255197

CD(IIBDGC) 5956 14927 European 12276506

IBD(FinnGen) 7625 369652 European 20170236

UC(FinnGen) 5034 371530 European 20170227

CD(FinnGen) 1665 375445 European 20170234
IBD, Inflammatory bowel disease; IIBDGC, International Inflammatory Bowel Disease Genetics Consortium; UC, Ulcerative colitis; CD, Crohn’s disease.
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not with IBD risk; PP.H2 were associated with the risk of developing

IBD but not with gene expression; PP.H3 were related to both gene

expression and IBD risk, but with different causal variants; and PP.H4,

were related to IBD risk and gene expression, specifically the same

genetic causal variant (17). We set the significance threshold for PP.H4

at 0.95 owing to the limited efficacy of the colocalization assessment.

Bayesian co localization was analyzed using the software package coloc

(version 5.0.1).
2.6 Druggability evaluation

DrugBank (https://go.drugbank.com/) brings together

numerous data on the interactions between drugs and genes (29),

integrating information from multiple public databases, including

drug target prediction, mechanisms of action, and clinical

applications to offer vital data and functionality. The potential of

identified druggable target genes as therapeutic agents for IBD and

its subtypes was further determined by using DrugBank to locate

associations between characterized proteins and drugs.
3 Results

3.1 MR analysis reveals 27 genes associated
with IBD, 21 genes associated with UC, and
17 genes associated with CD

In the current study cohort, we identified 49 genes with

expressions associated with IBD (P<0.05/2641, Bonferroni

corrected). Subsequently, in the replication MR analysis, 31 out of

these 49 genes exhibited significance in the MR test (P<0.05,

Figure 2). Sensitivity analysis revealed that the genes SLC22A5,

RPS6KA2, and SENP7 did not pass the pleiotropy test (P<0.05), and

the gene IMPDH2 did not pass the MR-Sterger test (P>0.05).

Furthermore, the genes GPR25, JAK2, STAT3, SLC22A4, and

NDFIP1 showed potential heterogeneity.

The expression of 36 genes was associated with UC (P<0.05/

2641, Bonferroni corrected), and subsequent replication MR
Frontiers in Immunology 04
analysis demonstrated that 23 genes remained significant (P<0.05,

Figure 3). Sensitivity analysis indicated that the gene SLC22A5 did

not pass the pleiotropy test (P<0.05), and the gene IMPDH2 did not

pass the MR-Sterger test (P>0.05). Additionally, the genes

TNFRSF14 and GPBAR1 exhibited heterogeneity.

Thirty-six genes were causally connected to disease CD by

expression (P<0.05/2641, Bonferroni correction). Replication MR

showed that 19 of these genes passed the MR test again (P<0.05,

Figure 4). There was reverse causality for genes DAG1 and SSR2 in

the sensitivity analysis (P>0.05) and no pleiotropy (P<0.05).

Genes NDFIP1, SLC22A4, THBS3, JAK2, and STAT3 had the

presence of heterogeneity. Detailed information on significant

gene MR results for IBD and its subtypes UC and CD are shown

in Supplementary Tables 1-3.
3.2 SMR analysis validated 7 genes linked
to IBD, 4 genes with UC, and 8 genes
for CD

In the discovery cohort and replication cohort MR analyses, an

SMR analysis was conducted for the examined genes. A total of 27

genes for IBD, 21 genes for UC, and 17 genes for CD were included

in this analysis. Genes that did not pass the HEIDI test and were not

consistently oriented (P<0.05, Figure 5) were removed from the

analysis. As a result, 7 genes showed significant associations with

IBD in the SMR analysis (P<0.05/27). For UC, 4 genes passed the

SMR analysis (P<0.05/21, Figure 6A), and for CD, 8 genes

demonstrated significant causal associations (p<0.05/17,

Figure 6B). Supplementary Tables 4-6 provide detailed

information on the SMR analysis.
3.3 Identification of genetic overlaps in
IBD, UC, and CD using co-
localization analysis

In our study, we performed the co-localization analysis of the

screened genes associated with IBD, UC, and CD (Table 2,
FIGURE 2

Two-sample Mendelian randomization results for druggable genes and inflammatory bowel disease Manhattan plot.
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Figures 7, 8). Our findings revealed that for IBD, genes GPBAR1

(PP.H4 = 0.99), IL1RL1 (PP.H4 = 0.95), PRKCB (PP.H4 = 0.99),

and PNMT (PP.H4 = 0.95) exhibited robust evidence of high co-

localization support (Figure 7). Furthermore, genes GPX1

(PP.H4 = 0.98), GPBAR1 (PP.H4 = 0.99), and PNMT

(PP.H4 = 0.99) demonstrated significant co-localization support

with UC (Figure 8). Additionally, the gene IL1RL1 (PP.H4 = 0.98)

showed strong co-localization support with CD (Figure 8). In our

categorization, genes that passed all tests were considered primary

targets (PP.H4 > 0.95), while genes that passed MR and SMR tests

but had a PP.H4 less than 0.75 were categorized as tertiary targets.

Genes that passed the MR and SMR tests and had a PP.H4 greater

than 0.75 but less than 0.95 were classified as secondary targets.
3.4 Estimation of druggability

We conducted a comprehensive search of the drug database for

several genes identified in this study as potential drug targets

(Supplementary Table 7). Our investigation revealed that

targeting GPBAR1 is approved for the treatment of primary

biliary cirrhosis, bile acid synthesis disorders, and various other

diseases. Various drugs targeting PRKCB are associated with
Frontiers in Immunology 05
antioxidant effects, therapeutic benefits for relapsed glioblastoma

multiforme, and preventive measures for vitamin E deficiency.

Drugs targeting GPX1 exhibit multiple effects, including

antioxidant activity and pain relief. However, no relevant

information was found for IL1RL1 and PNMT as potential drug

targets. Additionally, we explored secondary and tertiary targets

identified in this study and found that drugs targeting FDPS have

been approved for the treatment of osteoporosis. Similarly, drugs

targeting ITGA4 are utilized for the treatment of multiple sclerosis,

UC, and CD.
4 Discussion

In this study, we conducted a comprehensive investigation of

4302 genes to determine their association with the risk of IBD, UC,

and CD. Using various MR methods (including Wald ratio/IVW,

MR-Egger, Weighted median, Maximum likelihood, and MR-RAPS)

and multiple sensitivity analyses (such as Cochran’s Q heterogeneity

test, MR-Egger intercept pleiotropy test, and MR-Steiger

directionality test), we explored target genes associated with the

risk of IBD and its subtypes. To validate our results, we employed

replicated MR, SMR, HEIDI tests, and multiple co-localization tests.
FIGURE 4

Two-sample Mendelian randomization results for druggable genes and Crohn’s disease Manhattan plot.
FIGURE 3

Two-sample Mendelian randomization results for druggable genes and ulcerative colitis Manhattan plot.
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Our comprehensive analyses revealed several significant findings.

We found that the expression of the gene GPBAR1 was associated

with an increased risk of IBD and UC. Conversely, the expression of

PNMT was negatively associated with the risk of IBD and UC.

Furthermore, higher levels of the genetically predicted gene IL1RL1

were linked to a reduced risk of IBD and CD. These findings provide

valuable insights into the genetic factors influencing the risk of IBD

and its subtypes, highlighting potential targets for further research

and therapeutic interventions.

RNASET2 is the gene that encodes nuclease T2. It plays a key

role in the intracellular context and its function involves processes

such as RNA degradation and apoptosis. Prior work has identified
Frontiers in Immunology 06
RNASET2 as a susceptibility gene for IBD (30) and decreased

RNASET2 expression has activating effects on pro-inflammatory

cells, with an association with aggressive CD inflammation (31).

The results of this study provide relatively strong evidence that

RNASET2 levels may serve as an inflammatory biomarker for the

prediction of progression in a novel disease.

The GPX1 gene is located at position 3p21.3 on the human

genome and consists offive exons and four introns. The transcription

product of this gene is a peptide containing 197 amino acid remnants

that are translated into glutathione peroxidase 1 (GPX1) protein (32).

GPX1 is mainly found in the cytoplasm of cells, where catalyzing the

reaction between glutathione and substrates like hydrogen peroxide,
A

B

FIGURE 6

Druggable genes and SMR results for ulcerative colitis and Crohn’s disease. (A) Druggable genes and ulcerative colitis SMR results. (B) Druggable genes and
Crohn’s disease SMR results.
FIGURE 5

Druggable genes and inflammatory bowel disease SMR results.
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decreases cellular damage by oxidative stress. Specifically, GPX1 uses

reduced glutathione (GSH) to convert hydrogen peroxide to water

and oxidizes GSH to oxidized glutathione (GSSG), which in turn

generates GSH again via other reducing enzymes, maintaining the

relative balance of GSSH and GSSG (33). Zhou et al. demonstrated

the connection between endoplasmic reticulum stress-related genes

and UC, and CD through a multi-omics approach and discovered

that GPX1 expression lowered the risk of UC and CD (34). Oxidative

stress leads to the inflammatory response exacerbated by oxidative

damage to intracellular DNA, lipids, and proteins, which then

triggers an inflammatory response in UC. GPX1 is known to be a

toxicant through deleterious agents maintains redox balance, and can

directly reverse the complex lipid peroxides in cells and tissues. It can

also directly reduce complex lipid peroxides and minimize the

damage of oxidative stress on cells and tissues. This may be the

mechanism by which GPX1 reduces the risk of UC. Additionally, our

study revealed that the gene GPX1 was relevant to UC, but did not

find an association between GPX1 and CD. A study of 436 CD, 367

UC, and 434 controls showed that allele A in the gene GPX1

(rs1050450) was significantly observed to be associated with UC in

a recessive model, and is a good candidate for a biological marker for

the management of treatment of UC in the disease (35).

An additional study using polymorphism-polymerase chain

reaction in peripheral blood leukocytes from 1500 UC cases and
Frontiers in Immunology 07
1500 healthy controls demonstrated that a genetic polymorphism in

the GPX1 gene of 594TT is a danger factor for UC (36). They are

consistent with the study we conducted, and future studies could

explore the relationship of this gene with IBD as well as subtypes of

CD to search for the more likely therapeutic targets.

STAT3 is an activator of signal transduction and transcription,

playing a vital role within cells. Upon activation, STAT3 can enter the

nucleus and regulate the transcription of several genes, thereby

participating in the regulation of cell proliferation, apoptosis,

inflammatory response, and other biological processes (37).

According to a meta-analysis, the presence of the STAT3 rs744166

gene polymorphism may elevate the risk of developing CD, especially

among Caucasians (38). A prior case-control study involving 232 CD

patients and 272 controls indicated that the rs744166 and rs4796793

polymorphisms in the STAT3 gene may be linked to the onset of CD

and are anticipated to serve as predictors of CD in the Chinese Han

population (39). On one hand, STAT3 can regulate the activity of

immune cells, such as macrophages and T cells, among others. It

promotes the activation of immune cells and the release of

inflammatory mediators while inhibiting the regulatory function of

immune cells. This imbalance in the immune system leads to

increased intestinal inflammatory response (40). On the other

hand, IL-23 activates the STAT3 pathway, enhances the Th17 cell

program, and contributes to the initiation and progression of
TABLE 2 Gene and outcome co-localization results.

Disease Gene PP.H0 PP.H1 PP.H2 PP.H3 PP.H4 Grade

IBD GPBAR1 0 0 0 0.01 0.99 Tier 1 target

IL1RL1 0 0 0 0.05 0.95 Tier 1 target

PRKCB 0 0 0 0.01 0.99 Tier 1 target

PNMT 0 0 0 0.05 0.95 Tier 1 target

FDPS 0 0.01 0 0.14 0.85 Tier 2 target

RNASET2 0 0 0 0.22 0.78 Tier 2 target

THBS3 0 0.14 0 0.47 0.52 Tier 3 target

UC GPX1 0 0 0 0.02 0.98 Tier 1 target

GPBAR1 0 0 0 0.01 0.99 Tier 1 target

PNMT 0 0 0 0.01 0.99 Tier 1 target

IGLC3 0 0.23 0 0 0.77 Tier 2 target

CD IL1RL1 0 0 0 0.02 0.98 Tier 1 target

GPR25 0 0 0.01 0.05 0.94 Tier 2 target

FDPS 0 0 0 0.08 0.92 Tier 2 target

STAT3 0 0 0 0.17 0.83 Tier 2 target

END3 0 0.22 0 0 0.78 Tier 2 target

ITGA4 0 0.45 0 0.03 0.52 Tier 3 target

NDFIP1 0 0 0 0.86 0.14 Tier 3 target

JAK2 0 0 0 0.99 0 Tier 3 target
IBD, Inflammatory bowel disease; UC, Ulcerative colitis; CD, Crohn’s disease.
PP.H0–PP.H4 represents the posterior probabilities of different hypotheses.
PP.H4 > 0.95 represents a strong colocalization between gene expression and risk of IBD, UC, and CD.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1352712
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhu et al. 10.3389/fimmu.2024.1352712
pathological reactions (41). These findings align with the outcomes of

the current study, suggesting that the STAT3 gene could serve as a

potential therapeutic target for CD, warranting further clinical trials.

JAK2 is a tyrosine kinase that is involved in a variety of cytosolic

signaling pathways, including apoptosis, differentiation, survival,

and immune response (42). Drugs targeting JAK2 are considered

for the treatment of immunological diseases such as UC,

rheumatoid arthritis, and myelofibrosis. The present study found

that JAK2 is a potential target for CD therapy. JAK2 signaling

pathway can regulate the proliferation, differentiation, and

activation of immune cells (like T-cells, B-cells, macrophages,

etc.), and thus affects the normal function of the Immune system

(43). Besides, alteration of intestinal barrier function would

probably be one of the mechanisms by which JAK2 is involved in

the pathogenesis of CD. One report of 464 CD patients, 292 UC

patients, and 508 healthy controls in Germany revealed that

patients carrying the C risk allele of the JAK2 rs10758669 gene

polymorphism were at a higher frequency of increased risk of

intestinal permeability (43). Targeted inhibitors of JAK2 have

been studied and developed, and these drugs can interfere with
Frontiers in Immunology 08
the JAK2 modeling pathway and inhibit its aberrant activation,

resulting in a reduction in the production of inflammatory

mediators, alleviation of the inflammatory response, and

amelioration of symptoms and disease progression in CD.

IBD is a complex group of diseases that includes multiple

subtypes such as UC and CD. Despite sharing certain

pathophysiological features, they differ dramatically in their

clinical manifestations, histologic and immunologic features, and

gene expression levels (44). Such differences point to the possibility

that they may have different genetic mechanisms. Additional risk

genes associated with IBD were identified in our survey, however,

they are not currently validated by larger numbers of experimental

studies. More studies may be needed to probe these genes in the

future to prioritize IBD drug development. The strength of this

study lies in its comprehensive screening of genes associated with

IBD risk using the two-sample MR method, which effectively

mitigates confounding bias. Moreover, the utilization of replicated

MR, SMR, and co-localization to corroborate the experimental

findings significantly bolsters the study’s conclusions, enhancing

the robustness of the results and minimizing the potential for false
A B

DC

FIGURE 7

Co-localization results for inflammatory bowel disease. (A) Co-localization results of eQTL of the GPBAR1 gene and inflammatory bowel disease.
(B) Co-localization results of eQTL of the IL1RL1 gene and inflammatory bowel disease. (C) Co-localization results of eQTL of the PNMT gene and
inflammatory bowel disease. (D) Co-localization results of eQTL of the PRKCB gene and inflammatory bowel disease.
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positives. The evaluation of druggability offers promise for IBD

treatment. However, there are several limitations to consider.

Firstly, the genetic data were derived from a European population

and necessitate further validation for extrapolation to other ethnic

groups. Secondly, genetic regulatory mechanisms may exhibit

tissue-specific variability, and focusing solely on blood eQTL may

not afford a comprehensive understanding of the disease and its

therapeutic avenues. Therefore, it is imperative to account for

genetic regulatory diversity across multiple tissues and organs to

gain a more nuanced comprehension of disease pathogenesis and

identify effective treatments. Thirdly, while some genes associated

with IBD risk have been experimentally validated, exploration of

certain genes and their correlation with IBD risk remains deficient.
5 Conclusion

To summarize, our study employed sophisticated methods such

as MR, SMR, and co293 localization to identify key genes intricately
Frontiers in Immunology 09
associated with the risk of IBD and its subtypes, UC and CD.

Specifically, our analysis revealed the crucial roles of GPBAR1,

IL1RL1, PRKCB, and PNMT genes in IBD pathogenesis while

implicating GPX1, GPBAR1, and PNMT genes in UC

susceptibility. Additionally, we found that IL1RL1 exhibits a

protective effect against CD risk. These groundbreaking findings

not only offer promising targets for the development of more

effective biomarkers and therapeutic interventions but also deepen

our understanding of the underlying molecular mechanisms driving

IBD etiology. Nevertheless, further rigorous experimental and clinical

investigations are required to validate and substantiate these findings

before their translation into clinical practice.
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Co-localization results for ulcerative colitis and Crohn’s disease. (A) Co-localization results of eQTL of the GPBAR1 gene and ulcerative colitis.
(B) Co-localization results of eQTL of the GPX1 gene and ulcerative colitis. (C) Co-localization results of eQTL of the PNMT gene and ulcerative
colitis. (D) Co-localization results of eQTL of the IL1RL1 gene and Crohn’s disease.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1352712
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhu et al. 10.3389/fimmu.2024.1352712
Author contributions

SZ: Data curation, Formal analysis, Investigation, Methodology,

Resources, Software, Validation, Visualization, Writing – original

draft. YL: Conceptualization, Data curation, Formal analysis,

Validation, Writing – review & editing. ZD: Conceptualization,

Data curation, Investigation, Methodology, Visualization, Writing –

review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

Thanks to the researchers who have contributed to GWAS data.
Frontiers in Immunology 10
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.1352712/

full#supplementary-material
References
1. Collaborators GBDIBD. The global, regional, and national burden of
inflammatory bowel disease in 195 countries and territories, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet Gastroenterol Hepatol.
(2020) 5:17–30. doi: 10.1016/S2468-1253(19)30333-4

2. Kaplan GG. The global burden of IBD: from 2015 to 2025. Nat Rev Gastroenterol
Hepatol. (2015) 12:720–7. doi: 10.1038/nrgastro.2015.150

3. Buie MJ, Quan J, Windsor JW, Coward S, Hansen TM, King JA, et al. Global
hospitalization trends for crohn's disease and ulcerative colitis in the 21st century: A
systematic review with temporal analyses. Clin Gastroenterol Hepatol. (2023) 21:2211–
21. doi: 10.1016/j.cgh.2022.06.030

4. Ungaro R, Mehandru S, Allen PB, Peyrin-Biroulet L, Colombel JF. Ulcerative
colitis. Lancet. (2017) 389:1756–70. doi: 10.1016/S0140-6736(16)32126-2

5. Rogler G, Singh A, Kavanaugh A, Rubin DT. Extraintestinal manifestations of
inflammatory bowel disease: current concepts, treatment, and implications for disease
management. Gastroenterology. (2021) 161:1118–32. doi: 10.1053/j.gastro.2021.07.042

6. Seyedian SS, Nokhostin F, Malamir MD. A review of the diagnosis, prevention,
and treatment methods of inflammatory bowel disease. J Med Life. (2019) 12:113–22.
doi: 10.25122/jml-2018-0075

7. Murray A, Nguyen TM, Parker CE, Feagan BG, MacDonald JK. Oral 5-
aminosalicylic acid for maintenance of remission in ulcerative colitis. Cochrane
Database Syst Rev. (2020) 8:CD000544. doi: 10.1002/14651858.CD000544.pub5

8. Ferretti F, Cannatelli R, Monico MC, Maconi G, Ardizzone S. An update on
current pharmacotherapeutic options for the treatment of ulcerative colitis. J Clin Med.
(2022) 11(9):2302. doi: 10.3390/jcm11092302

9. Chaparro M, Ordas I, Cabre E, Garcia-Sanchez V, Bastida G, Penalva M, et al.
Safety of thiopurine therapy in inflammatory bowel disease: long-term follow-up study
of 3931 patients. Inflammation Bowel Dis. (2013) 19:1404–10. doi: 10.1097/
MIB.0b013e318281f28f

10. Tam V, Patel N, Turcotte M, Bosse Y, Pare G, Meyre D. Benefits and limitations
of genome-wide association studies. Nat Rev Genet. (2019) 20:467–84. doi: 10.1038/
s41576-019-0127-1

11. Burgess S, Small DS, Thompson SG. A review of instrumental variable estimators
for Mendelian randomization. Stat Methods Med Res. (2017) 26:2333–55. doi: 10.1177/
0962280215597579

12. Zhu Z, Zhang F, Hu H, Bakshi A, Robinson MR, Powell JE, et al. Integration of
summary data from GWAS and eQTL studies predicts complex trait gene targets. Nat
Genet. (2016) 48:481–7. doi: 10.1038/ng.3538

13. Chen Y, Xu X, Wang L, Li K, Sun Y, Xiao L, et al. Genetic insights into
therapeutic targets for aortic aneurysms: A Mendelian randomization study.
EBioMedicine. (2022) 83:104199. doi: 10.1016/j.ebiom.2022.104199

14. Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky J, Davies NM,
Swanson SA, et al. Strengthening the reporting of observational studies in
epidemiology using mendelian randomization: The strobe-Mr statement. JAMA
(2021) 326(16):1614–21. doi: 10.1001/jama.2021.18236

15. Finan C, Gaulton A, Kruger FA, Lumbers RT, Shah T, Engmann J, et al. The
druggable genome and support for target identification and validation in drug
development. Sci Transl Med. (2017) 9(383):eaag1166. doi: 10.1126/scitranslmed.
aag1166

16. Vosa U, Claringbould A, Westra HJ, Bonder MJ, Deelen P, Zeng B, et al. Large-
scale cis- and trans-eQTL analyses identify thousands of genetic loci and polygenic
scores that regulate blood gene expression. Nat Genet. (2021) 53:1300–10. doi: 10.1038/
s41588-021-00913-z

17. Giambartolomei C, Vukcevic D, SChadt EE, Franke L, Hingorani AD, Wallace
C, et al. Bayesian test for colocalisation between pairs of genetic association studies
using summary statistics. PloS Genet. (2014) 10:e1004383. doi: 10.1371/
journal.pgen.1004383

18. Liu JZ, van Sommeren S, Huang H, Ng SC, Alberts R, Takahashi A, et al.
Association analyses identify 38 susceptibility loci for inflammatory bowel disease and
highlight shared genetic risk across populations. Nat Genet. (2015) 47:979–86.
doi: 10.1038/ng.3359

19. Peltonen L, Jalanko A, Varilo T. Molecular genetics of the Finnish disease
heritage. Hum Mol Genet. (1999) 8:1913–23. doi: 10.1093/hmg/8.10.1913

20. Genomes Project C, Auton A, Brooks LD, Durbin RM, Garrison EP, Kang HM,
et al. A global reference for human genetic variation. Nature. (2015) 526:68–74.
doi: 10.1038/nature15393

21. Kamat MA, Blackshaw JA, Young R, Surendran P, Burgess S, Danesh J,
et al. PhenoScanner V2: an expanded tool for searching human genotype-
phenotype associations. Bioinformatics . (2019) 35:4851–3. doi: 10.1093/
bioinformatics/btz469

22. Burgess S, Thompson SG, Collaboration CCG. Avoiding bias from weak
instruments in Mendelian randomization studies. Int J Epidemiol. (2011) 40:755–64.
doi: 10.1093/ije/dyr036

23. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estimation in
mendelian randomization with some invalid instruments using a weighted median
estimator. Genet Epidemiol. (2016) 40:304–14. doi: 10.1002/gepi.21965

24. Burgess S, Davey Smith G, Davies NM, Dudbridge F, Gill D, Glymour MM,
et al. Guidelines for performing Mendelian randomization investigations:
update for summer 2023. Wellcome Open Res. (2019) 4:186. doi: 10.12688/
wellcomeopenres

25. Zhao Q, Wang J, Hemani G, Bowden J, Small DS. Statistical inference in two-
sample summary-data Mendelian randomization using robust adjusted profile score.
Ann Stat. (2020) 48:1742–69. doi: 10.1214/19-AOS1866

26. Greco MF, Minelli C, Sheehan NA, Thompson JR. Detecting pleiotropy in
Mendelian randomisation studies with summary data and a continuous outcome. Stat
Med. (2015) 34:2926–40. doi: 10.1002/sim.6522
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2024.1352712/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1352712/full#supplementary-material
https://doi.org/10.1016/S2468-1253(19)30333-4
https://doi.org/10.1038/nrgastro.2015.150
https://doi.org/10.1016/j.cgh.2022.06.030
https://doi.org/10.1016/S0140-6736(16)32126-2
https://doi.org/10.1053/j.gastro.2021.07.042
https://doi.org/10.25122/jml-2018-0075
https://doi.org/10.1002/14651858.CD000544.pub5
https://doi.org/10.3390/jcm11092302
https://doi.org/10.1097/MIB.0b013e318281f28f
https://doi.org/10.1097/MIB.0b013e318281f28f
https://doi.org/10.1038/s41576-019-0127-1
https://doi.org/10.1038/s41576-019-0127-1
https://doi.org/10.1177/0962280215597579
https://doi.org/10.1177/0962280215597579
https://doi.org/10.1038/ng.3538
https://doi.org/10.1016/j.ebiom.2022.104199
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1126/scitranslmed.aag1166
https://doi.org/10.1126/scitranslmed.aag1166
https://doi.org/10.1038/s41588-021-00913-z
https://doi.org/10.1038/s41588-021-00913-z
https://doi.org/10.1371/journal.pgen.1004383
https://doi.org/10.1371/journal.pgen.1004383
https://doi.org/10.1038/ng.3359
https://doi.org/10.1093/hmg/8.10.1913
https://doi.org/10.1038/nature15393
https://doi.org/10.1093/bioinformatics/btz469
https://doi.org/10.1093/bioinformatics/btz469
https://doi.org/10.1093/ije/dyr036
https://doi.org/10.1002/gepi.21965
https://doi.org/10.12688/wellcomeopenres
https://doi.org/10.12688/wellcomeopenres
https://doi.org/10.1214/19-AOS1866
https://doi.org/10.1002/sim.6522
https://doi.org/10.3389/fimmu.2024.1352712
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhu et al. 10.3389/fimmu.2024.1352712
27. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid
instruments: effect estimation and bias detection through Egger regression. Int J
Epidemiol. (2015) 44:512–25. doi: 10.1093/ije/dyv080

28. Hemani G, Tilling K, Davey Smith G. Orienting the causal relationship between
imprecisely measured traits using GWAS summary data. PloS Genet. (2017) 13:
e1007081. doi: 10.1371/journal.pgen.1007081

29. Wishart DS, Feunang YD, Guo AC, Lo EJ, Marcu A, Grant JR, et al. DrugBank
5.0: a major update to the DrugBank database for 2018. Nucleic Acids Res. (2018) 46:
D1074–82. doi: 10.1093/nar/gkx1037

30. Brant SR, Okou DT, Simpson CL, Cutler DJ, Haritunians T, Bradfield JP, et al.
Genome-Wide association study identifies african-Specific susceptibility loci in african
americans with inflammatory bowel disease. Gastroenterology. (2017) 152:206–217
e202. doi: 10.1053/j.gastro.2017.02.041

31. Gonsky R, Fleshner P, Deem RL, Biener-Ramanujan E, Li D, Potdar AA, et al.
Association of ribonuclease T2 gene polymorphisms with decreased expression and
clinical characteristics of severity in crohn's disease. Gastroenterology. (2017) 153:219–
32. doi: 10.1053/j.gastro.2017.04.002

32. Li S, Yan T, Yang JQ, Oberley TD, Oberley LW. The role of cellular glutathione
peroxidase redox regulation in the suppression of tumor cell growth by manganese
superoxide dismutase. Cancer Res. (2000) 60:3927–39.

33. Trenz TS, Delaix CL, Turchetto-Zolet AC, Zamocky M, Lazzarotto F, Margis-
Pinheiro M. Going forward and back: the complex evolutionary history of the GPx. Biol
(Basel). (2021) 10:1165. doi: 10.3390/biology10111165

34. Zou M, Liang Q, Zhang W, Zhu Y, Xu Y. Endoplasmic reticulum stress related
genome-wide Mendelian randomization identifies therapeutic genes for ulcerative colitis
and Crohn's disease. Front Genet. (2023) 14:1270085. doi: 10.3389/fgene.2023.1270085

35. Costa Pereira C, Duraes C, Coelho R, Gracio D, Silva M, Peixoto A, et al.
Association between polymorphisms in antioxidant genes and inflammatory bowel
disease. PloS One. (2017) 12:e0169102. doi: 10.1371/journal.pone.0169102
Frontiers in Immunology 11
36. Zhang C, Guo L, Qin Y. [Interaction of MIF gene -173G/C polymorphism and
GPX1 gene 594C/T polymorphism with high-fat diet in ulcerative colitis]. Zhonghua Yi
Xue Yi Chuan Xue Za Zhi. (2016) 33:85–90. doi: 10.3760/cma.j.issn.1003-
9406.2016.01.021

37. Darnell JE Jr., Kerr IM, Stark GR. Jak-STAT pathways and transcriptional
activation in response to IFNs and other extracellular signaling proteins. Science.
(1994) 264:1415–21. doi: 10.1126/science.8197455

38. Zhang J, Wu J, Peng X, Song J, Wang J, Dong W. Associations between STAT3
rs744166 polymorphisms and susceptibility to ulcerative colitis and Crohn's disease: a
meta-analysis. PloS One. (2014) 9:e109625. doi: 10.1371/journal.pone.0109625

39. Wang Z, Xu B, Zhang H, Fan R, Zhou J, Zhong J. Association between
STAT3 gene polymorphisms and Crohn's disease susceptibility: a case-control
study in a Chinese Han population. Diagn Pathol. (2014) 9:104. doi: 10.1186/1746-
1596-9-104

40. Robinson P, Magness E, Montoya K, Engineer N, Eckols TK, Rodriguez E, et al.
Genetic and small-molecule modulation of stat3 in a mouse model of crohn's disease. J
Clin Med. (2022) 11:7020. doi: 10.3390/jcm11237020

41. Bai A, Moss A, Kokkotou E, Usheva A, Sun X, Cheifetz A, et al. CD39 and
CD161 modulate Th17 responses in Crohn's disease. J Immunol. (2014) 193:3366–77.
doi: 10.4049/jimmunol.1400346

42. Villarino AV, Kanno Y, O'Shea JJ. Mechanisms and consequences of Jak-
STAT signaling in the immune system. Nat Immunol. (2017) 18:374–84.
doi: 10.1038/ni.3691

43. Prager M, Buttner J, Haas V, Baumgart DC, Sturm A, Zeitz M, et al. The
JAK2 variant rs10758669 in Crohn's disease: altering the intestinal barrier as one
mechanism of action. Int J Colorectal Dis. (2012) 27:565–73. doi: 10.1007/s00384-011-
1345-y

44. Hodson R. Inflammatory bowel disease. Nature. (2016) 540:S97. doi: 10.1038/
540S97a
frontiersin.org

https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1371/journal.pgen.1007081
https://doi.org/10.1093/nar/gkx1037
https://doi.org/10.1053/j.gastro.2017.02.041
https://doi.org/10.1053/j.gastro.2017.04.002
https://doi.org/10.3390/biology10111165
https://doi.org/10.3389/fgene.2023.1270085
https://doi.org/10.1371/journal.pone.0169102
https://doi.org/10.3760/cma.j.issn.1003-9406.2016.01.021
https://doi.org/10.3760/cma.j.issn.1003-9406.2016.01.021
https://doi.org/10.1126/science.8197455
https://doi.org/10.1371/journal.pone.0109625
https://doi.org/10.1186/1746-1596-9-104
https://doi.org/10.1186/1746-1596-9-104
https://doi.org/10.3390/jcm11237020
https://doi.org/10.4049/jimmunol.1400346
https://doi.org/10.1038/ni.3691
https://doi.org/10.1007/s00384-011-1345-y
https://doi.org/10.1007/s00384-011-1345-y
https://doi.org/10.1038/540S97a
https://doi.org/10.1038/540S97a
https://doi.org/10.3389/fimmu.2024.1352712
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Exploring inflammatory bowel disease therapy targets through druggability genes: a Mendelian randomization study
	1 Introduction
	2 Materials and methods
	2.1 Research methods
	2.2 Data sources
	2.3 Selection of cis-eQTLs associated with druggable genes
	2.4 MR analysis
	2.5 Co-localization analysis
	2.6 Druggability evaluation

	3 Results
	3.1 MR analysis reveals 27 genes associated with IBD, 21 genes associated with UC, and 17 genes associated with CD
	3.2 SMR analysis validated 7 genes linked to IBD, 4 genes with UC, and 8 genes for CD
	3.3 Identification of genetic overlaps in IBD, UC, and CD using co-localization analysis
	3.4 Estimation of druggability

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


