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Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s disease (CD), decreases
quality of life and causes disability. The underlying processes are not fully understood. This study uses
Mendelian randomization (MR) analysis to identify cytokines that may be associated with UC and CD,
aiding in early diagnosis and treatment decisions. Methods Genome-wide association study (GWAS)
data for inflammatory cytokine levels were obtained from a cohort of 14,824 individuals of European
descent. The outcome data were then analyzed using summary-level GWAS data for UC and CD

from the International Inflammatory Bowel Disease Genetics Consortium (IIBDGC). The analysis was
primarily conducted using inverse-variance weighted (IVW) methods, with MR-Egger and weighted
median serving as supplementary analyses. Sensitivity analyses included Cochran’s Q test, MR-Egger
intercept test, MR-PRESSO, and leave-one-out analysis.The inflammatory cytokines were subjected
to additional scrutiny through the application of the Steiger test and reverse Mendelian randomization
analysis. Subsequently, multivariable Mendelian randomization (MVMR) was employed to examine the
associations of metabolites on UC and CD, in conjunction with linkage disequilibrium score regression
(LDSC) and colocalization analysis. After FDR correction, we identified significant genetic associations
of two inflammatory proteins (CXCL5 and CXCL9) with UC, and CXCL5 and IL-18R1 with CD. These
findings were further validated by MVMR. Colocalization analyses demonstrated substantial genetic
overlap between inflammatory proteins and IBD, with CXCL5 showing strong evidence of shared
genetic variants with UC, and CXCL9 exhibiting genetic colocalization with CD, suggesting common
genetic determinants underlying these inflammatory protein-IBD relationships. The current work
presents evidence that presents evidence of significant associations between seven inflammatory
protein factors and UC, as well as three inflammatory protein factors and CD. These findings provide
novel insights into the biological mechanisms of IBD, and have implications for the screening,
prevention, and treatment of IBD.

Keywords Inflammatory protein factors, Colocalization analysis, Ulcerative colitis, Crohn’s disease,
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Inflammatory bowel disease (IBD)!, encompassing ulcerative colitis (UC)> and Crohn’s disease (CD)3,
represents a significant contributor to diminished quality of life and disability**, imposing a substantial burden
on public health®’. The prevalence of these conditions is on the rise®, and the precise pathogenesis of IBD
remains elusive®!?. Therefore, enhancing efforts in the prevention and early detection of IBD is imperative from
a strategic standpoint.

IFirst Clinical Medical College, Guizhou University of Traditional Chinese Medicine, Guiyang, Guizhou, China.
2Department of Rheumatology and Hematology, First Affiliated Hospital of Guizhou University of Traditional
Chinese Medicine, Guiyang, Guizhou, China. 3Department of Gastroenterology, First Affiliated Hospital of Guizhou
University of Traditional Chinese Medicine, Guiyang, Guizhou, China. “Anorectal Surgery Department, Fenggang
County Traditional Chinese Medicine Hospital, Zunyi, Guizhou, China. *Department of Geriatry, First Affiliated
Hospital of Guizhou University of Traditional Chinese Medicine, Guiyang, Guizhou, China. ®Qiang Su and Yun Lu
these two authors contributed equally to this work. "email: truekingboy-999@163.com; 407206115@qq.com;
anzhenxiang057 @gzy.edu.cn

Scientific Reports | (2025) 15:210 | https://doi.org/10.1038/s41598-024-84447 -4 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-84447-4&domain=pdf&date_stamp=2024-12-30

www.nature.com/scientificreports/

Cytokines, small protein molecules secreted and synthesized by various immune and non-immune cells,
are essential for regulating immunity, stimulating cell activation and proliferation, and maintaining human
cell function!!. Additionally, cytokines are implicated in inflammation'?, autoimmune diseases'?, and
tumorigenesis'?. Emerging research indicates that inflammatory cytokines contribute to the pathogenesis and
advancement of IBD'5-17,

A diverse array of inflammatory cytokines, including interleukin-1 receptor antagonist (IL1R), IL12, IL23,
IL17, tumor necrosis factor-alpha (TNF-a), interleukin-18 (IL-18), C-C motif chemokine ligand (CCL) 2, and
CCL3, have been identified in observational studies as being associated with the risk of UC and CD'®!%. These
findings underscore the complex nature of intestinal inflammation in UC and CD and suggest that targeting
cytokines may hold promise for primary prevention and treatment strategies.The existing evidence robustly
indicates the participation of TNF-mediated pathways, as well as non-TNF pathways including IL-1, IL-12/23,
and IL-18, in the pathogenesis of UC and CD?°-*, This highlights the promise of these cytokines as targets
for therapy in current and forthcoming treatment regimens for UC and CD.The precise role of particular
inflammatory pathways in the pathogenesis of UC and CD remains uncertain, largely as a result of the constraints
inherent in observational studies, such as residual confounding and reverse causation, as well as the absence of
robust data from randomized trials. These gaps in research and limitations impede the differentiation between
the roles of inflammatory cytokines in the development of UC and CD and their influence on the advancement
of systemic inflammation.

In contemporary research, Mendelian randomization (MR) studies have become prevalent in investigations
of disease etiology®. In the absence of randomized controlled trials (RCTs), MR stands out as a particularly
persuasive approach for investigating correlational associations between exposures and outcomes?. Through
the utilization of genetic variants as instrumental variables (IVs) for exposures, such as the levels of a specific
inflammatory cytokine, MR analysis can enhance the robustness of associative inference by mitigating
unobserved confounding and attenuating reverse causation?”?%. The IVs approach employed in this study closely
resembles RCTs by randomly assigning genetic variations at conception. Under specific assumptions, the MR
framework also emulates a randomized controlled trial®®. In contrast to traditional epidemiological methods,
this approach minimizes the impact of confounding factors such as gender and age, thereby facilitating more
reliable associative inference®®. Additionally, the risk of reverse causation is reduced in MR studies due to the
formation of genotypes before the onset of disease.

Further research is necessary to elucidate the association between inflammatory protein factors and IBD.
In this study, we conducted MR analysis utilizing genome-wide association study (GWAS) summary data to
comprehensively investigate the associations of 91 inflammatory protein factors on UC and CD.Furthermore,
we utilized linkage disequilibrium score regression(LDSC) and colocalization analyses to investigate the genetic
and protein-level mechanisms driving the pathogenesis of UC and CD.

Methods and materials

Study design

This study utilized comprehensive two-sample bidirectional Mendelian randomization analyses and multivariable
Mendelian randomization(MVMR) analyses to investigate potential associations between inflammatory protein
factors and UC and CD. The MR analysis and design schematic are depicted in Fig. 1.In order to ensure the
validity of MR studies, adherence to three key criteria is essential. Firstly, the single nucleotide polymorphisms
(SNPs) of the selected IVs must exhibit a significant association with the inflammatory protein factors under
investigation. Secondly, the IVs should demonstrate independence from other potential confounding factors.
Lastly, the IVs must exert their influence on the outcome through the exposure factor rather than through their
own effects’!. Given that this study made use of publicly available GWAS data, no additional ethical approval was
necessary. The MR analyses conducted in this study were carried out using the Two Sample MR, MRPRESSO,
and coloc MR packages within the R software platform (version 4.2.1).

GWAS data for 91 inflammatory protein factors

The most recent GWAS findings have identified a total of 91 cytokines related to inflammation®. This extensive
dataset offers increased possibilities for examining the connections between inflammatory factors and both
UC and CD. To compile this comprehensive collection of inflammatory protein factors, data from GWAS on
91 inflammation-related cytokines were gathered from 11 cohorts, involving a combined sample of 14,824
individuals of European ancestry.Comprehensive information regarding the aggregated GWAS data can
be accessed in the primary publication and the GWAS Catalog. Table S1 contains a complete list of the 91
inflammatory protein factors, along with their respective names, the GWAS Catalog IDs, and abbreviations.

GWAS data for UC and CD

Summary-level GWAS data from the IBDGC was utilized for the UC and CD datasets. The IIBDGC dataset
includes genotyping and whole-genome sequencing data for more than 75,000 individuals diagnosed with
IBD, based on radiological, endoscopic, and histopathological evaluations. Genetic associations were assessed
through logistic regression models, controlling for age, sex, and principal components of genetic ancestry™.
Our analysis specifically focused on summary statistics for individuals of European descent, encompassing UC
(6,968 cases and 20,464 controls) and CD (5,956 cases and 14,927 controls) data.In order to prevent duplication
of study cohorts, we exclusively utilized the GWAS data pertaining to UC and CD from the IIBDGC?. Both the
cohorts for exposure and outcome were restricted to individuals of European ancestry to minimize the impact
of potential bias resulting from population stratification.
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Fig. 1. The flowchart presented in this study delineates the fundamental assumptions underlying MR analysis.
The principal objective of conducting two-sample bidirectional MR and MVMR analyses is to investigate the
potential genetic associations between 91 inflammatory protein factors and the predisposition to UC and CD.

IVs selection

In order to test hypothesis (1), we employed a rigorous selection process to identify instrumental variables
(IVs) associated with inflammatory protein factors from various perspectives. To ensure robust and reliable
results, we applied the genome-wide significance threshold of p <5x 1038 for the selection of relevant SNPs.
Subsequently, we pruned the SNPs by excluding those in linkage disequilibrium (LD), defined as R2>0.001
within a 10,000 kb range, a criterion commonly utilized in prior research®*. To address potential bias
stemming from weak IVs, we computed the R2 and F-statistics for each SNP*.SNPs with F < 10 were defined
as weak IVs and were subsequently excluded from the analysis*®.Subsequently, SNPs linked to metabolites were
isolated from the findings while SNPs correlated with the outcomes (p < 1x 10~°) were excluded. The SNPs were
then standardized for both exposures and outcomes by eliminating palindromic SNPs and those with allele
discrepancies. In accordance with hypothesis (3), SNPs associated with outcomes (p<1x107°) were omitted
from the IVs. Ultimately, MR analysis was performed on cytokines with a minimum of two SNPs*’.

Statistical analysis and secondary analysis

The associations of 91 inflammatory protein factors on UC and CD were initially assessed using the IVW method.
In cases where IVW results indicated no significant heterogeneity, a fixed-effects model was applied, while a
random-effects model was used for cases with heterogeneity®®. The IVW estimate was derived from a meta-
analysis of Wald ratios for all genetic variants. IVW relies on the assumption of no horizontal pleiotropy across
all SNPs to yield the most precise estimates of relationships®**°. Therefore, we utilized IVW-based estimates to
conduct an initial screening of inflammatory protein factors for their potential statistical relationships on UC
and CD.In order to enhance the robustness of our findings, we employed two supplementary methods, the
MR-Egger method and the weighted median (WM) method, to assess metabolites exhibiting significant IVW
estimates (p <0.05). These additional analyses were conducted to improve the reliability of our estimates in
less stringent conditions.The WM method permits the inclusion of a maximum of 50% of SNPs that may be
invalid, whereas MR-Egger provides capabilities for testing horizontal pleiotropy and detecting heterogeneity
in the presence of pleiotropy*"*>. MR-Egger regression is able to yield unbiased estimates under the InSIDE
assumption (Instrument Strength Independent of Direct Effect)?>%4.To account for multiple comparisons and
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maintain statistical rigor, we implemented false discovery rate (FDR) correction to control the type I error rate
and ensure the reliability of our findings.

The secondary analyses in MR involve assessing heterogeneity, pleiotropy, and sensitivity. Heterogeneity
among SNPs associated with exposures was examined through the application of Cochrans Q test*®. The Q
statistic and I (%) value were utilized to quantify heterogeneity, with I” defined as I = [Q - (K —1)] / Q, where
K represents the number of SNPs, and Q is the Q statistic. Horizontal pleiotropy was assessed using the MR-
Egger intercept method*® and the global test in MR-PRESSO“. An intercept close to zero suggests a reduced
likelihood of horizontal pleiotropy.Following the identification of outliers through MR-PRESSO, a repeat MR
analysis was conducted after excluding heterogeneous SNPs. Subsequently, MR-PRESSO was utilized once more
to ascertain the presence of heterogeneous SNPs. Sensitivity assessment was carried out through leave-one-
out(LOO) analysis?’, systematically removing each SNP to assess its impact on the overall correlational estimate.
Furthermore, sensitivity analyses involved comparing results from different MR methods to ensure the stability
and reliability of the conclusions*®.

To strengthen the exclusion restriction assumption in MR analyses, the Steiger test was employed. This test
serves to confirm that the genetic variants utilized as IVs exhibit a stronger association with the exposure variable
compared to the outcome variable, thereby upholding the integrity of the instrumental variable assumptions.
This supplementary validation procedure enhances the reliability of our MR investigations by affirming the
associative inference’s directionality®.

In conclusion, we conducted a thorough examination of inflammatory protein factors that may have
associative effects on UC and CD by applying several criteria: (1) Significance at a p-value of less than 0.05
derived from the IVW method for the primary analysis. (2) Consistency in both direction and magnitude across
several MR methods. (3) Absence of heterogeneity or horizontal pleiotropy in the MR results. (4) Minimal
influence from any individual SNP on the MR estimates.

Subsequently, utilizing the aforementioned methodologies and protocols, reverse MR analyses were
performed on the identified positive findings. The exposures under investigation were UC and CD, while the
outcomes focused on inflammatory protein factors.

Confounding analysis and multivariable MR analysis

We conducted sensitivity analyses to evaluate the horizontal pleiotropy of MR results, identifying potential SNPs
that may violate the assumptions of MR. Despite these efforts, it is possible that a limited number of residual
confounding SNPs remain. We examined instrumental variables linked to inflammatory protein factors in the
GWAS Catalog website( https://www.ebi.ac.uk/gwas/) to determine their associations with established risk
factors for UC and CD, including smoking, alcohol consumption, education level, postappendectomy status?,
and the diseases themselves.If any SNP were found to be linked with the aforementioned confounding variables
and the outcome itself (p < 1x107°), MR analyses would be repeated following the exclusion of these SNPs to
confirm the validity of the findings.

In order to adhere to the assumptions 2 and 3 of MR, it is imperative to confirm the association of genetic
variants with a singular risk factor. Nonetheless, certain genetic variants exhibit associations with multiple risk
factors, a concept referred to as pleiotropy. In instances of pleiotropy, multivariable MR (MVMR) can effectively
account for the interactions among genetic variants linked to various exposures that may impact one another™.
MVMR offers a solution to the challenges of independence, dominance, and comparability that single-variable
MR is unable to address.Essentially, single-variable MR analyzes the overall impact of exposure on the outcome,
whereas MVMR examines the specific impact of each exposure on the outcome, without considering other
exposures.In this research, we utilized MVMR to account for the interactions of the inflammatory protein
factors identified. MVMR was implemented through the IVW®!, MR-PRESSO%, and LASSO regression®>>?
techniques. The IVW method in MVMR entails regressing SNPs for all exposures against the outcome, with
weights determined by the inverse variance of the outcome. MR-PRESSO was employed to identify and remove
outliers in order to address pleiotropy among IVs. LASSO regression was utilized to eliminate exposures
exhibiting collinearity.

Evaluation of genetic correlation

Based on the genetic correlation between exposure and outcome, estimates from MR studies may potentially
compromise associative inference®. Despite the exclusion of SNPs associated with UC and CD during IVs
selection, it is possible that SNPs lacking an obvious association could still play a role in mediating the genetic
predisposition to UC and CD.Linkage Disequilibrium Score (LDSC) regression is utilized to estimate shared
heritability by conducting chi-square statistics on SNP-based traits®. In order to mitigate potential confounding
effects of shared heritability on exposures and outcomes, LDSC was employed to investigate the genetic
correlation between the selected inflammatory protein factors and UC and CD.

Colocalization analysis

In order to explore the potential relationship between the inflammatory protein factors identified in UC and
CD, we conducted a colocalization analysis utilizing the coloc R package®®. This analysis enabled us to identify
a shared associative variant locus within a specific genomic region that may drive the association between
these factors and the two diseases.The Coloc method assessed the posterior probabilities (HO, H1, H2, H3,
H4) of five hypotheses within a Bayesian framework for each variant locus: (1) no association with either trait;
(2) association with trait 1 only; (3) association with trait 2 only; (4) both traits are associated with different
associative variants specific to each trait; (5) both traits are correlated and share the same associative variant™.
The colocalization analyses utilized default priors (pl =1x107% p2=1x107%, p12=1x10"°).pp.H4>80% of
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the results of the colocalization analyses ( H4 ) provide strong evidence in support of the existence of shared
associative variants affecting gene expression and the risk of UC versus CD in specific genomic regions®.

Results

Preliminary analysis

Utilizing a significance criterion of P<5x 1078, this study discovered 256 SNPs linked to 91 inflammatory
protein factors. The F-statistics of these SNPs varied from 32.17 to 1,064.62, affirming the statistical soundness
and dependability of the chosen cytokines as IVs in the MR analysis. Detailed information regarding the IVs
can be found in Table S2. Prior to conducting the formal MR analysis, all outliers were identified and eliminated
through the screening of confounders and MR-PRESSO (Table $3).In this comprehensive MR analysis of 91
inflammatory proteins, the IVW method identified significant associations for 11 and 9 inflammatory proteins
with UC and CD, respectively. After FDR correction, two inflammatory proteins remained significantly
associated with each of UC and CD (Supplementary Table 4; Figs. 2 and 3). The IVW analysis identified 11
inflammatory proteins significantly associated with UC (p <0.05), including CXCL5 (odds ratio [OR]: 0.788,
95% confidence interval [CI]: 0.700-0.888, p <0.001), CXCL9 (OR: 1.586, 95% CI: 1.223-2.056, p <0.001), IL-
18 (OR: 1.304, 95% CI: 1.090-1.560, p=0.004), and others. After FDR correction, only CXCL5 (p_fdr=0.005)
and CXCL9 (p_fdr=0.021) remained significantly associated with UC.For CD, 8 inflammatory proteins showed
initial associations (p < 0.05), with CXCL9 (OR: 1.935, 95% CI: 1.455-2.573, p < 0.001) and IL-18R1 (OR: 1.145,
95% CI: 1.058-1.240, p <0.001) demonstrating the strongest associations. Following FDR correction, CXCL9
(p_fdr<0.001) and IL-18R1 (p_fdr=0.024) maintained statistical significance(Figs. 2 and 3).The alignment
of the MR Egger, Weighted Median, and Weighted Mode methodologies with the IVW approach in the MR
analysis underscores the robustness of the findings.

In the repeated sensitivity analyses, no SNP exhibiting pleiotropy was identified in either the level pleiotropy
or MR-PRESSO analyses (Supplementary Table 5), suggesting the reliability of our instrumental variables.
Moreover, the heterogeneity test revealed no heterogeneity in the MR results (Supplementary Table 6), thus
bolstering the validity of our findings. Additionally, the LOO method did not detect any notable sources of
bias (Supplementary Fig. 1).All checks successfully passed the Steiger test, suggesting the absence of reverse
association in the instrumental variables (Supplementary Table 7). The remaining visualizations are shown in
Supplementary Figs. 2—4.

Reverse MR analysis

To assess potential reverse causation, we performed reverse MR analyses examining the associative effects of UC
and CD on the identified inflammatory proteins. For UC, no significant reverse effects were observed on either
CXCL5 (B =-0.005, 95% CI: -0.032 to 0.022, p=0.734) or CXCL9 (p=0.015, 95% CI: -0.012 to 0.042, p=0.270).
For CD, while no significant effect was found on IL-18R1 (f =0.008, 95% CI: -0.014 to 0.030, p=0.489), there
was evidence of reverse causation for CXCL9 (f =0.026, 95% CI: 0.005 to 0.047, p=0.013), suggesting a potential
bidirectional relationship between CD and CXCL9 levels (Supplementary Table 8, Fig. 4).

MVMR analysis

After adjusting for inflammatory protein factor interactions, MVMR analyses using IVW, MR-PRESSO, and
LASSO regression methods demonstrated consistent associations. For UC, CXCL5 showed an inverse association
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Fig. 2. Volcano plot of 91 inflammatory protein factors associated with the risk of developing UC and CD.
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Exposure No.of SNP Method OR(95% CI) | P_fdr
ADA 2 IVW .'“ 1.129 (1.036 to 1.231) 0.006  0.098
CCL20 2 IVW —e—— 1.591(1.039t02.437) 0.033 0287
CD6 3 IVW :v-H 1.143 (1.003 to 1.302) 0.045  0.297
CXCL11l 3 IVW e 1.265(1.037to 1.544) 0.021  0.196
CXCLS 5 IVW "'E 0.788 (0.700 to 0.888) <0.001 0.005
CXCL9 3 IVW | —e—i 1.586 (1.223 t02.056) <0.001 0.021
FLTILG 9 IVW :H-! 1.148 (1.003 to 1.314) 0.046  0.297
GDNF 4 IVW et 1.168 (1.004 to 1.358) 0.044  0.297
IL-18 4 IVW EH—' 1.304 (1.090 to 1.560) 0.004  0.092
IL—8 2 IVW | —e—— 1.685(1.148t02.475) 0.008  0.107
SULT1Al 3 IVW mi 0.805 (0.685t0 0.944) 0.008  0.107
0.6 25
A. Two sample Mendelian randomization results for UC
Exposure No.of SNP method OR(95% CI) P P_fdr
CXCL9 3 IVW , +—e— 1.935(1.455t02.573) <0.001 <0.001
FGF19 2 IVW H—!E 0.629 (0.434t00.912) 0.014  0.148
FGF21 3 IVW | F—o—i 1.440 (1.119to 1.853) 0.005  0.094
HGF 2 IVW :'—0—' 1.466 (1.026 t02.094) 0.036  0.293
IL-10RB 3 IVW o 1.127 (1.006 to 1.263) 0.039  0.297
IL-18R1 5 IVW Em 1.145 (1.058 to 1.240) <0.001 0.024
IL—8 ) IVW (—e—— 1692 (1.119t02.560) 0.013  0.143
SCF 10 IVW HE 0.845(0.743t0 0.961) 0.010  0.123
04 26

B. Two sample Mendelian randomization results for CD

Fig. 3. Forest plot of inflammatory protein factors versus UC and CD risk.

(OR: 0.808, 95% CI: 0.717-0.910, p <0.001), while CXCL9 exhibited a positive association (OR: 1.745, 95% CI:
1.312-2.320, p<0.001). For CD, both CXCL9 (OR: 1.933, 95% CI: 1.531-2.442, p<0.001) and IL-18R1 (OR:
1.148, 95% CI: 1.061-1.241, p<0.001) showed significant positive associations. These associations remained
consistent across multiple sensitivity analyses.(Supplementary Table 9, Fig. 5).
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Exposure Outcome No.of SNP  Method b(95% CI) P

8[@ CXCLS 36 IVW — —0.005 (-0.032 t0 0.022) 0.734

UC CXCL9 37 IVW '—5—0—" 0.015(=0.012t0 0.042)  0.270

CD CXCLI 51 IVW i —e— 0.026 (0.005 to 0.047) 0.013

CD IL-18R1 50 IVW ———rt 0.008 (=0.014 to 0.030)  0.489

L
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Fig. 4. Inverse Mendelian randomization of forest maps.

Exposure QOutcome No.of SNP  Method OR(95% CI) P

CXCLS5 ucC 8 MVMR IVW e, 0.808 (0.717 t0 0.910) <0.001

CXCL9 UC 8 MVMR IVW E —e—ri 1.745(1.312t02.320) <0.001

CXCL9 CD 10 MVMRIVW | +—e— 1.933(1.531t02.442) <0.001

IL-18R1 CD 10 MVMR I[VW e 1.148 (1.061 to 1.241) <0.001

0.71 245
Fig. 5. Multivariate Mendelian randomization of forest maps.
Evaluation of genetic correlation
LDSC analysis revealed no significant genetic correlations between inflammatory proteins and IBD. For UC,
genetic correlations were not significant with either CXCL5 (Rg = -0.229, SE=0.163, p=0.161) or CXCL9 (Rg
=-0.006, SE=0.128, p=0.962). Similarly for CD, no significant genetic correlations were observed with CXCL9
(Rg=0.167, SE=0.119, p=0.159) or IL-18R1 (Rg = -0.111, SE=0.148, p=0.942). These findings suggest
minimal genetic overlap between these inflammatory proteins and IBD phenotypes(Supplementary Table 10).
Colocalization analysis
The colocalization analysis for CXCL5 (PP.H4=93.07%, lead SNP=rs1251252838) provided strong evidence
for a shared genetic basis between CXCL5 expression and UC risk. These findings are consistent with previous
studies’. Specifically, key loci identified in genome-wide association studies may contribute to UC risk through
biological regulation of CXCL5 expression. Similarly, the colocalization analysis for CXCL9 (PPH4="73.57%,
lead SNP=10021434) provided moderate evidence for a shared genetic basis between CXCL9 expression and
CD risk. This suggests that the identified key loci may influence CD risk through mechanisms involving the
regulation of CXCL9 expression. In contrast, other inflammatory proteins did not show supporting evidence
for colocalization hypotheses related to UC and CD. The complete colocalization results are presented in
Supplementary Tables 11 and Fig. 6.
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A. Colocalization results for CXCL5 and UC.

B. Colocalization results for CXCL9 and CD.

Fig. 6. Colocalization results.

Discussion

IBD is a complex autoimmune disorder characterized by a multifaceted and intricate pathogenesis. An
increasing body of research underscores the significance of inflammatory protein factors in the development
and advancement of UC and CD. Nevertheless, the precise associations and underlying mechanisms connecting
inflammatory protein factors to UC and CD remain largely ambiguous.In this research, we employed a
comprehensive collection of SNPs related to inflammatory protein factors, along with a thorough examination
of loci and the use of the IIBDGC database, as outcome for conducting MR to evaluate the potential associative
influence of inflammatory protein factors on UC and CD.

This study demonstrates that individuals with genetically predicted elevated levels of ADA, CCL20, CD6,
CXCL11, CXCL9, FLT3LG, GDNE, IL-18, and IL-8 showed higher associations with UC risk, while those with
elevated CXCL5 and SULT1ALl levels showed lower associations. After FDR correction and MVMR analysis,
CXCL5 showed a protective association with UC, while CXCL9 was associated with increased UC risk.
Specifically, one standard deviation (SD) increase in CXCL5 was associated with a 19.2% decrease in UC risk,
while a similar increase in CXCL9 was associated with a 74.5% increase in UC risk. In the context of CD, CXCL9,
FGF21, HGE IL-10RB, IL-18R1, and IL-8 were found to be associated with increased risk, while FGF19 and SCF
were associated with decreased risk. After FDR correction and MVMR analysis, CXCL9 and IL-18R1 showed
associations with increased CD risk. Specifically, each SD increase in CXCL9 and IL-18R1 was associated with
93.3% and 14.8% increased risk of CD, respectively, with evidence of bidirectional association between CD and
CXCL9. Investigation of the potential mechanisms of these factors may provide new perspectives and potential
therapeutic targets for IBD management. Colocalization analysis suggests that certain genetic loci identified in
GWAS studies may contribute to UC and CD susceptibility through regulation of CXCL5 and CXCL9 expression.

o C-X-C motif chemokine 5(CXCL5), also known as epithelial-derived neutrophil-activating peptide 78 (ENA-
78), is a member of the CXC chemokine family and plays a crucial role in neutrophil chemotaxis, activation,
and inflammation promotion®. It is secreted by a variety of cell types, including epithelial cells, fibroblasts,
and macrophages, especially in response to inflammatory triggers such as IL-1 and TNF-a. Upon binding to
the CXCR2 receptor on neutrophils, CXCLS5 facilitates their migration to inflammatory sites.The chemotactic
activity plays a critical role in the immune response by facilitating the migration and accumulation of neu-
trophils at sites of tissue damage or infection, allowing them to carry out essential functions such as patho-
gen clearance and tissue repair. CXCL5 has been associated with a range of inflammatory and autoimmune
conditions, including UC.A study revealed that CXCLS5 is significantly upregulated in the inflamed colon®,
which contrasts with our genetic findings, indicating a potentially intricate and context-specific involvement
in disease pathogenesis. Our genetic findings suggest a protective association with UC. This apparent paradox
might be explained by the complex and context-dependent functions of CXCLS5 in intestinal homeostasis.
During inflammatory responses, elevated CXCL5 levels may represent more than just a pathological factor,
but rather a compensatory protective response. This response likely functions through enhanced neutrophil

Scientific Reports |

(2025) 15:210

| https://doi.org/10.1038/541598-024-84447-4 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

recruitment, promoting pathogen clearance, tissue repair, and mucosal healing®!. As the first line of defense
in the innate immune system, neutrophils can exert multiple beneficial effector functions in acute inflamma-
tion, helping maintain tissue homeostasis. However, while neutrophils play a crucial role in tissue repair, their
activation may also lead to tissue damage, particularly in cases of chronic inflammation or non-infectious
injury®?. CXCL5 might also play a crucial role in maintaining intestinal barrier integrity and mucosal home-
ostasis through regulation of epithelial cell renewal and local immune responses®®.Our colocalization analysis
provides strong genetic evidence supporting the relationship between CXCL5 and UC, though reverse MR
analysis did not establish a direct association. These findings highlight the complex nature of inflammatory
mediators in UC pathogenesis, where their effects may vary depending on the disease stage, local environ-
ment, and genetic context.

Studies suggest that CXCL9 may play a crucial role in the pathogenesis of IBD. While UC and CD have
distinct pathological features, they both involve abnormal immune responses and dysregulation of the gut
microbiota®. In CD, aberrant interactions between microbes and the host immune system during early life
may be a key factor in its development, while UC can be affected by intestinal dysregulation at any life stage®.
Furthermore, elevated CXCL9 expression has been associated with extraintestinal manifestations and long-
term disease in ulcerative colitis patients®. This aligns with our MR findings, and the bidirectional association
between CD and CXCL9 observed in our reverse MR analysis. This suggests that CXCL9 not only functions
within the intestine but may also influence systemic inflammatory responses, potentially exacerbating dis-
ease progression. Our colocalization analysis provided moderate evidence for a shared genetic basis between
CXCL9 expression and CD risk, with the identified lead SNP (rs10021434) potentially representing a func-
tional genetic variant that influences both CXCL9 expression and CD susceptibility. This variant might func-
tion through multiple mechanisms, including regulation of transcription factor binding sites, modulation of
enhancer or promoter activity, alteration of chromatin accessibility, and influence on CXCL9 expression pat-
terns in relevant tissues. The SNP may contribute to CD pathogenesis by affecting immune cell recruitment
and activation, modifying inflammatory responses, and potentially impacting intestinal barrier function.
Therefore, CXCL9 expression levels could serve as an important biomarker for monitoring and evaluating
both diseases, while understanding the functional role of this lead SNP could provide valuable insights into
the molecular mechanisms underlying the relationship between CXCL9 and CD, potentially leading to more
targeted therapeutic approaches.

The IL-18 receptor 1 (IL-18R1) serves as the principal signaling receptor for IL-18, facilitating IL-18-induced
pro-inflammatory reactions®”. Studies have shown that IL-18 plays a crucial role in various chronic inflamma-
tory diseases, including CD and UC®. IL-18R1 polymorphisms have been associated with CD susceptibility,
particularly in specific populations®®. Furthermore, IL-18 and its receptor play a critical role in regulating
intestinal immune responses by influencing T cell differentiation and function’®. In the intestine, IL-18R1 ex-
pression is enhanced in both effector and regulatory CD4(+) T cells, particularly within the intestinal lamina
propria[1]. Our MR study findings demonstrate consistency with these studies and clearly indicate IL-18R1 as
a risk factor for CD, while IL-18 is identified as a risk factor for UC. This suggests that IL-18 and its receptor
may play significant roles in the pathogenesis of CD, and further research could contribute to the develop-
ment of therapeutic strategies targeting IL-18R1 and IL-18 to improve outcomes for CD and UC patients.
Although some inflammatory factors did not pass strict FDR correction, several results still warrant our
attention. IL-8 plays a crucial role in IBD, with its elevated levels closely correlating with disease activity. In
one study, researchers found significantly increased IL-8 mRNA expression in the colonic mucosa of active
UC and CD patients, suggesting IL-8’s potential importance in IBD pathogenesis’!. IL-8’s relative stability
and longer half-life give it a central function in the sustained attraction and activation of granulocytes, which
may contribute to the persistent inflammation in IBD’2. In UC patients, The enzyme adenosine deaminase
(ADA) expression levels correlate with disease activity and may influence intestinal immune responses’>. Ad-
ditionally, CXCL11, a chemokine, has been found to be associated with the pathological process of ulcerative
colitis, with its high expression potentially related to intestinal inflammatory responses and extraintestinal
manifestations’?. These findings are all consistent with our MR study results, indicating the significant roles
of these inflammatory factors in IBD research. Our analyses support that these inflammatory factors are not
merely markers of disease activity but potentially contributing factors in disease development, where factors
like IL-8, ADA, and CXCL11 may interact synergistically to promote disease progression, suggesting their
potential value as therapeutic targets and biomarkers for IBD.

Nonetheless, further investigation is required to thoroughly examine the precise impact of the aforemen-
tioned inflammatory protein factors on UC and CD within controlled experimental settings.

This MR demonstrates multiple strengths. Firstly, it represents the most comprehensive and methodical in-
vestigation to date into the genetic association association between inflammatory protein factors and UC
and CD, encompassing an analysis of 91 inflammatory protein factors. Secondly, a rigorous MR analysis was
employed to mitigate inherent limitations such as reverse association and confounding variables. There are
several limitations to the current study. One limitation is the restricted number of SNPs available for iden-
tifying SNPs of interest at the genome-wide level. To mitigate this limitation, a more lenient threshold for
MR analysis was employed, a practice commonly observed in other studies. Nonetheless, all selected SNPs
exhibited F-statistic values exceeding 10, suggesting the robustness of our IVs. Additionally, to minimize the
impact of ethnic diversity, only individuals of European descent from the IIBDGC were included in the MR
analysis.Hence, additional research is warranted to investigate the applicability of our findings to diverse
databases and populations. Another constraint of this study is the reliance on sample size for the accuracy
of MR estimation. Therefore, it is imperative to increase the sample size to ensure the credibility of our out-
comes. Furthermore, while MR analysis offers valuable insights into association, it is essential to underscore
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the importance of validating our results through rigorous RCTs and fundamental research prior to clinical
application.

Conclusion

In conclusion, this current study has identified genetic susceptibility inflammatory protein factors associated
with UC and CD. CXCL5, CXCL9, and IL-18R1 warrant further exploration as promising therapeutic targets
for UC and CD. The identification of these inflammatory protein factors has significant implications for the
early detection, prevention, and management of UC and CD, while also providing important insights for the
design of upcoming clinical trials. Furthermore, this integrated analysis utilizing genomics and proteomics
provides a guiding framework for investigating the potential causes and mechanisms of IBD.

Data availability
All data generated or analysed during this study are included in this published article [and its supplementary
information files].
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