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Abstract

Background Inflammatory bowel disease (IBD) is a complex autoimmune disorder, although some medications are avail-
able for its treatment. However, the long-term efficacy of these drugs remains unsatisfactory. Therefore, there is a need to
develop novel drug targets for IBD treatment.

Methods We conducted two-sample Mendelian randomization (MR) analysis using Genome-Wide Association Study
(GWAS) data to assess the causal relationships between plasma proteins and IBD and its subtypes. Subsequently, the pres-
ence of shared genetic variants between the identified plasma proteins and traits was explored using Bayesian co-localization.
Phenome-wide MR was used to evaluate evaluated adverse effects, and drug target databases were examined for therapeutic
potential.

Results Using the Bonferroni correction (P < 3.56e-05), 17 protein-IBD pairs were identified. Notably, the genetic asso-
ciations of IBD shared a common variant locus (PP.H4 >0.7) with five proteins (MST1, IL12B, HGFAC, FCGR2A, and
IL18R1). As a subtype of IBD, ulcerative colitis shares common variant loci with FCGR2A, IL12B, and MST1. In addition,
we found that ANGPTL3, IL18R1, and MST1 share a common variant locus with Crohn’s disease. Furthermore, phenome-
wide MR analysis revealed that except for ANGPTL3, no other proteins showed potential adverse effects. In the drug data-
base, identified plasma proteins such as FCGR2A and IL18R1 were found to be potential drug targets for the treatment of
IBD and its subtypes.

Conclusion Six proteins (FCGR2A, IL18R1, MST1, HGFAC, IL12B, and ANGPTL3) were identified as potential drug
targets for the treatment of IBD and its subtypes.
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Introduction

Inflammatory bowel disease (IBD) is a prevalent global
inflammatory disorder, comprising two main subtypes,
ulcerative colitis (UC) and Crohn’s disease (CD). In the
past three decades, IBD has had a significant impact on
human health, with the global incidence rate increasing
0 Hao Lu gradually [1] and a trend toward younger onset [2]. The
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to treat IBD, including biological agents (e.g., anti-TNF
agents and cytokine inhibitors), anti-integrins (e.g., ved-
olizumab and natalizumab), and S1P inhibitor (ozanimod)
[7-10]. However, this remains a vexing challenge as IBD
is currently incurable. Furthermore, with prolonged treat-
ment duration, a notable decline in the efficacy of certain
medications has been observed. For instance, a study by
Qiu et al. revealed that approximately one-third of IBD
patients experience diminished drug responsiveness fol-
lowing prolonged usage of anti-TNF antibodies [11].
Therefore, the exploration of novel drug targets for IBD
and the development of highly targeted, low-side effect
therapies hold significant clinical significance.

Currently, most sequencing technologies focus on
the DNA base sequences of tissues or cells or employ
RNA-seq to study the impact of gene expression on dis-
ease biology [12, 13]. However, proteins are the primary
executors of biological effects in the body, and there is
substantial variability in the biological processes govern-
ing protein translation. Moreover, most drugs exert their
pharmacological effects by modulating protein expression,
especially in the case of plasma proteins [14]. In addi-
tion, many previous studies have explored the feasibility
of plasma proteins as drug targets, such as type 2 diabetes
[15], ischemic heart disease [16], and chronic kidney dis-
ease [17]. These proteins participate in a range of complex
systemic biological processes through their circulation in
the blood, making the development of therapeutic tar-
gets for IBD a promising avenue. Thus, plasma proteins
were selected as the subjects of our study, in which we
employed genetic variations related to proteins, known
as protein quantitative trait loci (pQTL), in conjunction
with IBD and its subtypes GWAS summary statistics as
the foundation for a two-sample Mendelian randomiza-
tion (MR) analysis [18-20]. This approach offers a fresh
perspective on understanding the etiology and treatment
of IBD since GWAS has identified numerous genetic loci
associated with disease risk, thus providing evidence to
elucidate the molecular pathways underlying these dis-
eases [21].

In this study, we combined GWAS data with multiple
large-scale proteomic studies to explore potential therapeutic
targets for IBD and its subtypes. Firstly, we used MR to iden-
tify potential causal plasma proteins for IBD and its subtypes
using GWAS data. Subsequently, Steiger filtering, Bayesian
co-localization, and PheWAS analyses were implemented
to consolidate the MR findings. Finally, we replicated the
analysis using GWAS data from the FinnGen cohorts and
plasma pQTL data from the study by Ferkingstad et al. as
external validation to strengthen our conclusions. Addition-
ally, we conducted a preliminary exploration of drugs related
to potential target proteins and their respective mechanisms
using a drug database.

@ Springer

Methods
Data sources

We obtained pQTL data from three separate studies on
plasma proteins: Zheng et al. [22], which included data
from five previously published GWAS studies [20, 23-26];
Pietzner et al. [19]; and Ferkingstad et al. [27]. Subse-
quently, we conducted preliminary screening of the pQTL
data, with inclusion in the MR analysis contingent upon
satisfying the following criteria: (a) selection of tier 1
or sentinel cis-pQTLs; (b) exclusion of the MHC region
(GRCh38: chr6: from 29 to 33 Mb; GRCh37: chr6: from
26 to 34 Mb); (c) exclusion of proteins located on the sex
chromosomes; (d) meeting linkage disequilibrium (LD)
clumping criteria with 72 <0.001; (e) meeting genome-
wide significance levels with P <5x 1078,

The GWAS summary statistics for the outcome vari-
ables (IBD, UC, and CD) were sourced from the Inter-
national Inflammatory Bowel Disease Genetics Consor-
tium (IIBDGC). To enhance the reliability of our results,
multiple external validations were conducted by utilizing
IBD and its subtypes GWAS statistics from the FinnGen
cohorts. In addition, to minimize potential bias from popu-
lation diversity, we focused on individuals of European
ancestry. These GWAS summary statistics were subse-
quently employed as outcome variables in the MR analy-
sis. All research data were obtained through open data, and
ethical approval was not required.

Statistical analysis

To include a broader range of circulating plasma proteins
in our two-sample MR analysis, the filtered cis-pQTL data
from Zheng et al. and Pietzner et al. were merged. However,
multiple variant loci may appear in the same protein when
we integrate protein data from different studies. To address
this, we calculated the R-squared (R?) value for each vari-
ant locus using the formula R*> = 2 X (1 — EAF) X EAF x (*
[28], where EAF is the effect allele frequency (EAF) of
the SNP and g is the estimated effect of SNP on trait. To
determine the best instrumental variable for each circulat-
ing protein, the variant locus with the highest R? value was
selected as the sole instrumental variable [29]. Additionally,
the impact of weak instrumental variables was eliminated
through formulas: F = ﬂ—; [30], because F'> 10 suggested
sufficient strength to ensure the validity of the SNPs. In con-
trast to cis-pQTL, trans-pQTL were located further away
from the coding regions of the target protein genes. To avoid
potential false-positive results, trans-pQTL was excluded
from the MR analysis in this study [22].
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MR analysis

MR, which follows the principle of random allocation of
genetic variations, effectively avoids the influence of con-
founding factors and reverse causality when using genetic
variations as instrumental variables to investigate potential
causal relationships between exposure factors and traits, thus
providing us with more definitive results [31, 32]. Therefore,
we used plasma proteins as exposure factors and IBD and
its subtypes as outcome variables. MR analysis was con-
ducted using the “TwoSampleMR” package (Version 0.6.2)
(https://github.com/MRCIEU/TwoSampleMR) in the R stu-
dio (Version 4.3.1). The MR approach was grounded on the
following assumptions: (a) the genetic variants used as IVs
were associated with plasma protein levels; (b) there were
no other confounding factors influencing the relationship
between plasma proteins and the outcomes; (c) the genetic
variants exclusively affect the outcomes through changes in
plasma protein levels [32].

In this study, we selected the best single SNP for each
protein for MR analysis; the Wald ratio analysis method was
employed for result analysis [29, 33]. For statistical correc-
tion of MR analysis results, we used Bonferroni correction,
where we considered an instrument variable to have a causal
effect on the disease if it met the threshold (P < 0.05/N,
where N is the number of plasma proteins included in the
final MR analysis). Additionally, it indicated that the protein
increased the risk of the disease when the odds ratio (OR)
value was greater than 1.

Reverse causality detection analysis

To ensure the correct direction of causality between the
exposure protein and the outcomes of IBD, UC, and CD,
Steiger filtering analysis was also performed by us. We used
the same control criteria for external results validation with
different plasma protein datasets as exposure conditions or
with different IBD datasets as outcome variables. It was con-
sidered as evidence of the protein’s effect on the disease due
to changes in the protein levels when P <0.05.

Bayesian co-localization analysis

To assess whether two traits share a common variant locus,
the “coloc” package (Version 5.2.3) (https://github.com/
chrlswallace/coloc) was employed to conduct Bayesian
co-localization analysis on candidate proteins (P1 = 1e-04,
P2=1e-04, P12 =1e-05). According to the five Bayesian
hypothesis principles, no association with either trait (HO),
association with trait 1, not with trait 2 (H1), association
with trait 2, not with trait 1 (H2), association with trait 1
and trait 2, two independent SNPs (H3), association with
trait 1 and trait 2, one shared SNP (H4). It was considered

that there might be a correlation between two traits driven
by the same causal variant locus when hypothesis H4 is met
(PP.H4 >0.7) [34]. To do this, the summary data studied by
Ferkingstad et al. were obtained from the Decode database
(https://www.decode.com/summarydata/). And all SNPs
within +500 kb of the lead cis-pQTL variant for the target
protein were selected for co-localization analysis. The target
protein may directly mediate the disease risk associated with
the variation, rather than being influenced by other biologi-
cal processes when the co-localization analysis indicated a
shared genetic variation between two traits.

Phenome-Wide Association Study (PheWAS)

To investigate whether these identified proteins have causal
relationships with other phenotypes, we utilized the R pack-
age “ieugwasr” (Version 1.0.0) (https://mrcieu.github.io/
ieugwast/) and conducted a PheWAS using the phewas func-
tion. This analysis aimed to assess the relationships between
the identified proteins and all phenotypes available in the
UK Biobank, as provided by the IEU Open GWAS database
(https://gwas.mrcieu.ac.uk/). The IEU Open GWAS database
contains a comprehensive collection of 42,348 GWAS sum-
mary datasets, enabling a thorough exploration of potential
causal relationships between the identified proteins and a
wide range of human traits. In this study, the traits related to
ICD-10 diagnosis codes from the UK Biobank database were
specifically selected as outcome variables for the Phe WAS
analysis. And Bonferroni correction was implemented for
quality control to account for multiple comparisons.

Drug target analysis

Based on the results from previous MR and Bayesian co-
localization analyses, we selected plasma proteins that have
causal relationships and co-localization with IBD and its
subtypes for further potential drug target analysis. Next, we
used Drugbank (https://go.drugbank.com/) and Therapeutic
Target Database (http://db.idrblab.net/ttd/) to analyze drugs
related to these potential drug targets and their respective
mechanisms. These databases provide insights into the cur-
rent state of research on drugs that target these proteins for
the treatment of various diseases.

Results

Data overview

Following the filtering criteria described earlier, 734 plasma
proteins from Zheng et al.’s study (Supplementary Table 1)

and 1561 proteins from Pietzner et al.’s study (Supplemen-
tary Table 2) were obtained. To identify the most suitable
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single lead SNP for each plasma protein for MR analysis,
we merged the proteins from both Zheng et al. and Pietzner
et al., resulting in a final set of 1614 unique leader cis-pQTLs
for MR analysis (Supplementary Table 3). As outcome data
source, IIBDGC is a global collaboration comprising hun-
dreds of researchers from over 20 countries across four con-
tinents, encompassing data from over 75,000 patients with
IBD. In the IIBDGC database, IBD data included 12,882
cases and 21,770 controls, UC data included 6968 cases
and 20,464 controls, and CD data included 5956 cases and
14,927 controls. As external validation data, the Ferkingstad
et al. dataset contained 1772 plasma proteins. In FinnGen
database, IBD data included 7625cases and 369,652 con-
trols, UC data included 5034 cases and 371,530 controls,
and CD data included 2007cases and 359,927 controls. In
this study, the specific analysis flowchart was illustrated in
Fig. 1.

Potential drug targets for the treatment of IBD

To investigate the causal relationships between 1614 plasma
proteins (unique leader cis-pQTLs) and IBD. Upon harmo-
nizing the data through the utilization of the harmonize_
data function within the TwoSampleMR package, a total of
1403 proteins were obtained for two-sample MR analysis.
After Bonferroni correction (P < 3.56e-05, 0.05/1403), we
identified 17 proteins with causal relationships with IBD.
Among them, ten proteins (IL23R, CARDO9, IL12B, STATS3,
IL18R1, ILIRLI1, ERAP2, IL1R2, TIMD4, MAPKAPK?2)
were found to increase the risk of IBD. Our careful analysis

Exposure (proteins)

1.734 proteins with cis-pQTL (zheng et al.)
2.1561 proteins with cis-pQTL (Pietzner et al.)

found that the interleukin family accounted for 50% of the
ten risk proteins, which is consistent with previous studies
showing that the interleukin family plays an important role
in IBD disease progression [35]. STAT3, a member of the
JAK/STAT pathway, is also a potential risk protein [36].
However, seven proteins (MST1, FCGR2A, DLD, HYALL,
ITLN1, HGFAC, NADK) were associated with a decreased
risk of IBD (Table 1, Fig. 2). Furthermore, Steiger filter-
ing analysis indicated that there was no reverse causality
between our exposure and outcome.

To investigate whether the association of the variant
between proteins used as Vs and IBD outcomes are shared.
Bayesian co-localization analysis was conducted on the 17
proteins that were identified to have a causal relationship
with IBD. We found that five of these proteins (FCGR2A,
IL18R1, MST1, HGFAC, IL12B) may share variant loci
with IBD (PP.H4 >70%). Among them, FCGR2A (PP.
H4=75.2%) and IL18R1 (PP.H4 =71.7%) showed moder-
ate co-localization with IBD. Notably, MST1 (PP.H4=98%),
HGFAC (PP.H4=93.6%), and IL12B (PP.H4=95.2%)
exhibited strong co-localization with IBD, indicating a
robust shared variant locus (Supplementary Table 4).

To comprehensively assess whether the identified pro-
teins with shared co-localization exhibit any side effects, the
PheWAS analysis was conducted. The results were corrected
through Bonferroni correction. It indicated that there were
no potential causal relationships between the five identified
proteins (MST1, IL12B, FCGR2A, IL18R1, HGFAC) and
other traits in the UK Biobank diagnoses ICD10 dataset
(Supplementary Table 5-9). This indirectly suggested that

Outcome (IBD and its subtypes)

International Inflammatory Bowel Disease
Genetics Consortium (IIBDGC)

Mendelian randomization analysis

Sensitivity and post MR analysis

1. Steiger filtering

2. Bayesian co-localization

3. phenome-wide MR analysis (UK Biobank)
4 Drug target

Fig.1 Schematic diagram of specific experimental design for MR analysis
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Table 1 The causal relationship between plasma proteins and IBD was analyzed by MR analysis

Exposure Outcome  snp pval OR (95%CI) R? F steiger_dir  steiger_pval  Sources
1IL23R IBD rs11581607 2.28E-66 5.64 (4.63-6.86) 0.022054 73.46939 TRUE 1.98E-03 Zheng et al
CARD9 IBD rs4077515 1.80E-25 2.93 (2.40-3.60) 0.013607 154.761 TRUE 7.37E-09 Pietzner et al
IL12B IBD rs4244437 3.97E-20 1.52(1.39-1.66)  0.102585 1308.832 TRUE 2.84E-155 Pietzner et al
STAT3 IBD rs35950888 3.31E-11  1.58(1.38-1.80)  0.031953 415.219 TRUE 1.74E-47 Pietzner et al
IL18R1 IBD rs1420106 1.81E-08 1.13(1.08-1.18)  0.287255 1222.309 TRUE 2.90E-197 Zheng et al
IL1RL1 IBD rs10179654 3.10E-08 1.14(1.09-1.19) 0.268339 5168.482 TRUE 0 Pietzner et al
ERAP2 IBD rs2927608 5.75E-08 1.08(1.05-1.11)  0.666989 22,832.39 TRUE 0 Pietzner et al
IL1R2 IBD rs2310170 1.91E-05 1.18(1.09-1.28) 0.091001 1162.917 TRUE 4.48E-163 Pietzner et al
TIMD4 IBD rs12657266 2.22E-05 1.41(1.20-1.64) 0.021831 243.7193 TRUE 8.99E-31 Pietzner et al
MAPKAPK2 IBD rs6669284 2.29E-05 1.26(1.13-1.41) 0.048292 54.89463 TRUE 6.62E-11 Zheng et al
MST1 IBD rs11130213 3.58E-23 0.87(0.84-0.89) 0.627728 18,526.23 TRUE 0 Pietzner et al
FCGR2A IBD rs4657041 7.31E-13  0.90(0.88-0.93) 0.741726 29,463 TRUE 0 Pietzner et al
DLD IBD rs886774 9.24E-12 0.29(0.21-0.42) 0.004341 48.28206 TRUE 5.83E-03 Pietzner et al
HYALL1 IBD rs116482870 8.37E-06 0.58(0.45-0.73)  0.00959 107.5644 TRUE 5.77E-12 Pietzner et al
ITLN1 IBD rs7532133 1.78E-05 0.60(0.47-0.76)  0.009995 124.2569 TRUE 2.18E-14 Pietzner et al
HGFAC IBD rs2498323 1.98E-05 0.92(0.89-0.96) 0.409896 7502.529 TRUE 0 Pietzner et al
NADK IBD 154648629 2.12E-05 0.69(0.59-0.82)  0.021121 236.2483 TRUE 1.05E-29 Pietzner et al
a b IBD Manhattan plot
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Fig.2 The causal relationship between plasma proteins and IBD analyzed by MR analysis (a) Forest plot, (b) Manhattan plot

these five proteins have the potential to be used as treatments
for IBD with minimal side effects and significant targeting
potential.

In addition, we explored proteins causally related to IBD
as potential drug targets. Our analysis of the drug dataset
showed that drugs targeting FCGR2A, MST1, and IL12B
have been approved for the treatment of certain diseases.

For example, the drug Daclizumab, which targets FCGR2A,
can be used to treat multiple sclerosis [37]. Interestingly, the
drugs Ustekinumab, which targets IL12B, or Briakinumab,
can be used for the treatment of IBD [38, 39], which is in line
with our study. However, the targeting potential of IL18R1
and HGFAC has yet to be developed, suggesting potential
areas for further research (Supplementary Table 10).
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Potential drug targets for the treatment of UC

Next, for a more precise study of IBD, we conducted an
analysis focusing on one of its subtypes, UC. We conducted
a two-sample MR analysis using a total of 1437 proteins
obtained by harmonizing the plasma protein cis-pQTLs
and UC GWAS data. After correcting for multiple testing
using Bonferroni correction (P <3.48e-05, 0.05/1437),
we identified nine proteins with causal relationships with
UC (Table 2, Fig. 3). Among them, five proteins (IL23R,
CARD9, IL12B, STAT3, MAPKAPK?2) were found to
increase the risk of UC. In contrast, three proteins, MST1,
FCGR2A and DLD, were associated with a reduced risk
of UC. It is worth noting that the Steiger filtering analysis
indicated that CD274 (P =0.16) was excluded from further

analysis due to the presence of reverse causality, while the
remaining proteins showed no reverse causality with the
outcome (Table 2).

To investigate whether the association of the variant
between proteins used as IVs and UC outcomes is shared,
Bayesian co-localization analysis revealed that three proteins
(FCGR2A, MST]1, IL12B) exhibited very strong co-locali-
zation with UC (Supplementary Table 4), with MST1 (PP.
H4=98.2%), IL12B (PP.H4=99.3%), and FCGR2A (PP.
H4=100%) showing robust shared variant loci.

Similarly, we used the same variable control strategy
for the PheWAS analysis of shared variant site proteins.
PheWAS analysis demonstrated that these three proteins
(FCGR2A, MSTI, IL12B) had no associations with other
traits (Supplementary Table 5-7). In drug datasets, drugs

Table 2 The causal relationship between plasma proteins and UC was analyzed by MR analysis

Exposure Outcome  snp pval OR (95%CTI) R? F steiger_dir  steiger_pval  Sources
IL23R ucC rs11581607 1.92E-27  3.81(2.994.86) 0.022054 73.46939 TRUE 6.35E-06 Zheng et al
CARD9 ucC rs4077515  9.07E-13  2.51(1.95-3.24) 0.013607 154.761 TRUE 1.57E-11 Pietzner et al
STAT3 ucC rs35950888 1.72E-06  1.52 (1.28-1.80) 0.031953 415.219 TRUE 1.63E-48 Pietzner et al
IL12B ucC 14244437 2.22E-10  1.43(1.28-1.60) 0.102585 1308.832 TRUE 2.28E-157 Pietzner et al
MAPKAPK2 UC rs6669284 1.81E-06  1.39(1.21-1.59) 0.048292 54.89463 TRUE 2.66E-10 Zheng et al
MST1 ucC rs11130213  2.31E-15  0.87 (0.84-0.90) 0.627728 18,526.23 TRUE 0 Pietzner et al
FCGR2A ucC rs4657041 2.18E-16  0.86 (0.83-0.89) 0.741726 29,463 TRUE 0 Pietzner et al
CD274 ucC rs1411262 1.29E-05 0.71 (0.61-0.83) 0.030452 345.5225 FALSE 0.16395 Pietzner et al
DLD ucC rs886774 3.35E-14  0.18 (0.12-0.28) 0.004341 48.28206 TRUE 0.061251 Pietzner et al
UC Manhattan plot
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Fig.3 The causal relationship between plasma proteins and UC analyzed by MR analysis (a) Forest plot, (b) Manhattan plot
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that target IL12B have been shown to be useful for the treat-
ment of UC [40]. Focusing on FCGR2A and MST1 as poten-
tial drug targets could significantly advance drug develop-
ment for UC (Supplementary Table 10).

Potential drug targets for the treatment of CD

Finally, we conducted a preliminary study on potential
drug targets for another subtype of IBD, CD. After harmo-
nizing the data, a total of 1437 proteins were obtained for
the two-sample MR analysis. The results revealed twelve
proteins with causal relationships with CD. Among them,

eight proteins (IL23R, CARDY, IFNGR2, STAT3, IL12B,
IL18R1, IL1RL1, ERAP2) were found to increase the risk of
CD. Conversely, four proteins (MST1, ANGPTL3, PGM1,
HINT1) were associated with a reduced risk of CD (Table 3,
Fig. 4). To avoid reverse causality, it was indicated that there
was no reverse causality between the twelve proteins and CD
according to Steiger filtering analysis.

Similarly, Bayesian co-localization analysis was con-
ducted for the proteins that were identified to have a causal
relationship with CD. The results showed that ANGPTL3,
IL18R1, and MST1 shared variant loci with CD, with MST1
(PP.H4=94.2%), IL18R1 (PP.H4=96.5%), and ANGPTL3

Table 3 The causal relationship between plasma proteins and CD was analyzed by MR analysis

Exposure Outcome  snp pval OR (95% CI) R? F steiger_dir  steiger_pval  Sources
1L23R CD rs11581607 3.61E-54 10.57 (7.84-14.24) 0.022054 73.46939 TRUE 0.02626242  Zheng et al
CARD9 CD rs4077515 4.03E-20 3.65 (2.77-4.81)  0.013607 154.761 TRUE 2.08E-06 Pietzner et al
IFNGR2 CD rs2284553 1.49E-06 2.52 (1.73-3.67)  0.007207 79.82183 TRUE 8.45E-06 Pietzner et al
STAT3 CD rs35950888  1.51E-07 1.63 (1.36-1.96)  0.031953 415.219 TRUE 5.62E-41 Pietzner et al
IL12B CD 154244437 5.52E-15 1.62 (1.44-1.83)  0.102585 1308.832 TRUE 2.06E-130 Pietzner et al
IL18R1 CD rs1420106 6.57E-09 1.18 (1.12-1.25)  0.287255 1222.309 TRUE 4.75E-180 Zheng et al
IL1RL1 CD rs10179654  2.62E-07 1.17 (1.10-1.25)  0.268339 5168.482 TRUE 0 Pietzner et al
ERAP2 CD rs2927608 6.75E-11 1.14 (1.09-1.18)  0.666989 22,832.39 TRUE 0 Pietzner et al
MST1 CD rs11130213  3.39E-13 0.87 (0.83-0.90) 0.627728 18,526.23 TRUE 0 Pietzner et al
ANGPTL3 CD rs11207970  3.11E-05 0.70 (0.59-0.83)  0.035909 435.4178 TRUE 3.47E-47 Pietzner et al
PGM1 CD rs1126728 8.38E-06 0.63 (0.51-0.77)  0.028997 97.94174 TRUE 6.12E-14 Zheng et al
HINTI CD rs6889109 6.68E-06 0.35(0.22-0.55)  0.004849 58.64065 TRUE 0.0003197 Pietzner et al
CD Manhattan plot
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Fig.4 The causal relationship between plasma proteins and CD analyzed by MR analysis (a) Forest plot, (b) Manhattan plot
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(PP.H4 =72.3%) exhibiting strong co-localization (Supple-
mentary Table 4).

Subsequently, the PheWAS analysis revealed that MST1
and IL18R1 had no associations with other traits (Supple-
mentary Table 5, 8). However, ANGPTL3 was correlated
with hypercholesterolemia and hyperlipidemia, indicating
the need for special attention to the potential side effects
related to ANGPTL3 (Supplementary Table 11). In the drug
database, MST1, IL18R1, and ANGPTLS3 are candidate drug
targets for CD, and there is currently no corresponding drug
research (Supplementary Table 10). Therefore, research
targeting these targets may provide promising research
directions.

Bidirectional external validation of the causal
relationship between plasma proteins and IBD
and its subtypes

Multiple validations were conducted to enhance the cred-
ibility of our research results. First, we kept the outcome
variable data unchanged and conducted external validation
by selecting other plasma protein data as exposure factors.
A total of 1772 proteins obtained from the study by Fer-
kingstad et al. were used as exposure factors. IBD and its
subtypes from the IBDGC database were used as outcome
variables. We strictly followed the filtering criteria used in
the previous analysis for external validation. After harmo-
nization, a total of 1132 proteins were included in the two-
sample MR analysis with IBD as the outcome variable. The
results showed that twelve plasma proteins (MST1, IL12B,
FCGR2A, STAT3, TNFSF15, IL1IRL1, ERAP2, HYALI,
HGFAC, MAPKAPK?2, NADK, and TIMD4) were causally
related to IBD. Among them, except for TNFSF15, the other
eleven plasma proteins were consistent with our research
findings. When CD was used as the outcome variable, a total
of 1129 proteins were included in the two-sample MR analy-
sis. The results showed that eight plasma proteins (MSTI,
IL12B, ERAP2, IL1RL1, TNFSF15, STAT3, ATF6B, and
TIMD4) had causal relationships with CD, and MST1,
IL12B, ERAP2, IL1RL1, and STAT3 were consistent with
our previous analysis results. Lastly, when UC was used as
the outcome variable, seven plasma proteins (MST1, IL12B,
FCGR2A, MAPKAPK?2, STAT3, CD274, and NQO1) were
found to have causal relationships with UC, and all except
NQOI1 were consistent with our previous research results
(Supplementary Tables 12—14).

Next, we kept the exposure data unchanged and con-
ducted external validation by selecting other IBD and its
subtype data as outcome variables. The unique proteins
obtained from the combined data of Zheng et al. and Pie-
tzner et al. were used as exposures. The IBD and its subtypes
GWAS summary statistics from the FinnGen database were
used as outcome variables for two-sample MR analysis.

@ Springer

Using the same filtering criteria as previously described,
the results showed that six plasma proteins (MST1, IL23R,
HLA-DQA2, FCGR2A, FCGR3A, and FCGR3B) had causal
relationships with IBD, among which MST1, IL23R, and
FCGR2A were consistent with our previous analysis results.
Interestingly, when UC was used as an outcome variable,
the results showed that the same six plasma proteins as IBD
were causally associated with UC. Among them, MST]1,
IL23R, and FCGR2A were consistent with our previous UC
analysis results (Supplementary Tables 15-16). In addition,
under the same conditions, no external validation of CD as
an outcome variable was performed because there was no
independent CD data in the FinnGen dataset.

Discussion

In this study, two-sample MR analysis was conducted to
investigate the causal relationships between a large number
of plasma proteins and IBD and its subtypes. A total of 22
proteins that might have causal associations with IBD and its
subtypes were identified. Through Bayesian co-localization
and PheWAS analyses, we explored the potential of these
identified proteins as therapeutic targets for IBD and its sub-
types. Ultimately, six proteins (FCGR2A, IL18R1, MST1,
HGFAC, IL12B, ANGPTL3) were identified as potential
drug targets for the treatment of IBD and its subtypes.
Among them, MST1 serves as a shared potential target for
IBD and its subtypes, whereas IL18R1 is a potential target
for both IBD and CD. In addition, FCGR2A and IL12B are
potential targets for IBD and UC. Interestingly, HGFAC
is the only potential target for the treatment of IBD and
ANGPTL3 has been identified as the sole potential target
for the treatment of CD.

Currently, several drugs targeting IL12 inhibitors have
been developed, such as Ustekinumab, which has been
approved for the treatment of IBD and UC [38, 40]. Mecha-
nistically, it primarily aims to interfere with Th1/Th17-
mediated adaptive immune responses by targeting the P40
subunit shared by IL12 and IL23. In our study, we also con-
firmed that IL12B (rs424437) is a viable drug target for IBD
and UC. However, we did not identify IL12B as a poten-
tial drug target for CD. Surprisingly, studies have shown
that the IL12B inhibitor Ustekinumab can also inhibit the
progression of CD [41]. This discrepancy may be due to
incomplete data, and we plan to analyze additional data in
the future. It should also be noted that age is an independent
risk factor for the use of new biological agents in the elderly.
Therefore, the use of biological agents in the elderly should
be comprehensively evaluated for their risks and used with
caution [42].

Previous research has demonstrated that IL18 is a sig-
nificant factor in IBD progression [43]. IL18R1 acts as the
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downstream target of IL18 signaling, blocking the binding of
IL18 to IL18R1 and reducing the risk of inflammatory and
some autoimmune diseases [44]. The rationale behind this is
that intestinal epithelial cells can secrete IL18, which acts on
CD4 T cells expressing IL18R1 to limit Th17 cell differen-
tiation, thereby maintaining barrier function in the gut [43].
Moreover, Nowarski et al. showed that blocking IL18RL
inhibited the progression of inflammatory bowel disease in
a mouse model of colitis [45]. Therefore, it is theoretically
feasible to study drugs that target IL18R1 for the treatment
of IBD and its subtypes. Our study also found that IL18R1 is
a potential drug target for IBD and CD, indicating a signifi-
cant research potential for drugs targeting IL18R1.

The identification of genetic variants in the 3p21-22
region as a high-risk factor for IBD is intriguing, especially
because MST1 is located in this region [46]. Some polymor-
phic loci of MST1 have been confirmed to play important
roles in the biological processes of IBD and its subtypes
progression [47]. Our study identified MST1 as a potential
target for IBD, UC, and CD with strong evidence. This result
is consistent with a study by Lee et al., which found that
MST1 can negatively regulate TNFa-induced NF-KB sign-
aling by targeting LUBAC, thereby inhibiting inflammation
[48]. Interestingly, no studies have targeted MST]1 for the
treatment of IBD and its subtypes, and our findings support
the feasibility of targeting MST1 for treatment.

Fcy receptors refer to a family of receptors located on
the cell surface. It is expressed by various innate and adap-
tive immune cells and mediates inflammatory responses by
binding to the Fc portion of immunoglobulin G (IgG) [49].
Some studies have found that FCGR2A plays a crucial role
in inflammation and autoimmune diseases such as sepsis,
systemic lupus erythematosus, Kawasaki disease, and UC
[50-53]. Our results indicate that FCGR2A is a potential
drug target for the treatment of IBD and UC, consistent with
the findings of McGovern et al. [53]. The mechanism by
which FCGR2A is involved in immunity and inflammation
is thought to play a central role in antigen—antibody com-
plex recognition, and FCGR2A can be regulated by multiple
proximal and distal genomic regions [54]. Currently, drugs
targeting FCGR2A with known pharmacological effects
include antagonists (human immunoglobulin G), agonists
(Catumaxomab), and the FCGR2A-targeting drug SM-101,
which has been used to treat idiopathic thrombocytopenic
purpura and systemic lupus erythematosus. Therefore, the
development of drugs targeting FCGR2A for the treatment
of IBD and UC holds significant research value.

In addition, we found that ANGPTL3 is a potential drug
target for the treatment of CD. Regarding the mechanism of
ANGPTL3 in inflammatory diseases, Zhang et al. found that
ANGPTL3 can interact with ILIR1 and IL1IRAP through
its intracellular C-terminal fibrinogen-like domain, disrupt-
ing the assembly of IL1R1-related complexes, and thereby

inhibiting the activation of the NF-KB signaling pathway to
prevent inflammation progression [55]. Although ANGPTL3
has shown great potential in the treatment of hypercholes-
terolemia, there are currently no reports of drugs targeting
ANGPTL3 in IBD and its subtypes. Interestingly, we identi-
fied a new target, HGFAC, in our study. However, the feasi-
bility of targeting HGFAC as a drug target was mainly based
on literature reports [56], and specific target drugs have not
been thoroughly researched.

In this study, some plasma proteins were identified as
potential drug targets for the treatment of IBD and its sub-
types. However, our study has some limitations. Firstly,
the research results lack support from basic experiments.
Secondly, the research relies on data derived from plasma
proteins rather than directly from tissues or organs. Conse-
quently, drug development targeting plasma proteins may
exhibit unpredictability due to tissue specificity. Finally, this
study primarily focused on European populations. There-
fore, our findings should be interpreted considering these
limitations.
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