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Abstract 79 

Background and Aims 80 

Systemic inflammation is well-recognized to be associated with ulcerative colitis (UC), but whether 81 

these effects are causal or consequential remains unclear. We aimed to define potential causal 82 

relationship of cytokine dysregulation with different tiers of evidence. 83 

Methods 84 

We firstly synthesized serum proteomic profiling data from two multi-centered observational studies, 85 

in which a panel of systemic inflammatory proteins was analyzed to examine their associations with 86 

UC risk. To further dissect observed associations, we then performed a bidirectional two-sample 87 

Mendelian randomization (TSMR) analysis from both forward and reverse directions using five 88 

genome-wide association study (GWAS) summary level data for serum proteomic profiles and the 89 

largest GWAS of 28,738 European-ancestry individuals for UC risk.  90 

Results 91 

Pooled analysis of serum proteomic data identified 14 proteins to be associated with the risk of UC. 92 

Forward MR analysis using only cis-acting protein quantitative trait loci (cis-pQTLs) or trans-pQTLs 93 

further validated causal associations of two chemokines and the increased risk of UC: C-X-C motif 94 

chemokine ligand 9 (CXCL9) (OR, 1.45, 95% CI, 1.08-1.95, P=.012) and C-C motif chemokine 95 

ligand 11 (CCL11) (OR, 1.14, 95%CI: 1.09-1.18, P=3.89×10-10). Using both cis- and trans-acting 96 

pQTLs, an association of caspase-8 (CASP8) (OR, 1.04, 95% CI, 1.03-1.05, P= 7.63×10-19) was 97 

additionally identified. Reverse MR did not find any influence of genetic predisposition to UC on 98 

any of these three inflammation proteins.  99 

Conclusions 100 

Pre-existing elevated levels of CXCL9, CCL11 and CASP8 may play a role in the pathogenesis of 101 

UC.  102 

Keyword: systemic inflammatory proteins; ulcerative colitis; Mendelian randomization;  103 
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Introduction 106 

Ulcerative colitis (UC) is a subtype of inflammatory bowel disease (IBD) characterized by chronic 107 

relapsing inflammation of the colon, on the background of a systemic immune response1. The 108 

incidence of UC has been increasing worldwide and the prevalence rate is projected to be 1% 109 

among Western populations by 20302, posing a substantial burden on global health3,4.  110 

Although the cause of UC remains unclear, systemic inflammation is a hallmark feature of this 111 

disease, triggered by immune dysregulation in response to the exposome in a genetically 112 

susceptible individual5,6. A wide range of inflammatory cytokines, including interleukin-1 receptor 113 

antagonist (IL1R), IL12, IL23, IL17, tumor necrosis factor (TNF) alpha, C-C motif chemokine ligand 114 

(CCL) 2 and 3 have been reported to be associated with UC risk in observational studies7. These 115 

findings underline the complexity of intestinal inflammation in UC and indicate the possibility of 116 

cytokines as potential targets for primary prevention and therapy of UC. Current evidence supports 117 

that TNF-mediated as well as several non-TNF pathways (e.g., IL-1, IL-12/23) are involved in 118 

disease pathogenesis and represent targets for current and future therapeutic strategies of UC8,9. 119 

However, the causal role of specific inflammatory pathways remains unclear, primarily driven by 120 

the limitations of observational studies (e.g., residual confounding and reverse causality) and the 121 

lack of high-quality data from randomized trials. These research gaps and limitations preclude the 122 

differentiation between the causal role of pre-existing systemic inflammation in UC onset and the 123 

consequential effect of UC progression on systemic inflammation. This distinction has important 124 

clinical implications when exploring novel therapeutic targets or identifying predictors of 125 

drugresponse or prognostic markers of future disease course for UC. 126 

By employing genetic variants as instrumental variables for an exposure (e.g., levels of a specific 127 

cytokine), Mendelian randomization (MR) analysis can strengthen causal inference by minimizing 128 

unobserved confounding and diminishing reverse causality10. Because genetic variants are 129 

randomly allocated at conception, under certain assumptions, the MR framework mimics 130 

randomized controlled trials and enables more robust causal inference than traditional 131 

epidemiologic techniques. Here, we conducted observational and MR analysis to provide different 132 
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tiers of evidence to elaborate the exact role of proteomic signatures of systemic inflammation in the 133 

onset of UC.  134 
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Methods 135 

Study design 136 

In this study (Figure 1), we firstly synthesized serum proteomic profiling data from two published 137 

multi-center observational studies11,12 to examine the associations between systemic inflammatory 138 

proteins and the risk of UC. The case-control study was adopted as discovery dataset and the 139 

prospective case-cohort study as validation dataset. Next, bidirectional two-sample MR was then 140 

performed to comprehensively examine the associations between circulating inflammatory proteins 141 

and UC risk from both forward and reverse directions. 142 

Two-stage and pooled analyses of serum proteomic data from multi-centered observational 143 

studies  144 

Study populations 145 

The first discovery case-control study included 159 UC patients and 293 non-IBD controls who 146 

were recruited across six clinical centers in Europe11. Blood samples for protein profiles were 147 

collected at baseline, i.e., at the time of recruitment. The proteins measured in this study were 148 

involved in various UC-related mechanisms, including inflammation, immune regulation, 149 

metabolism, and cell-cell signaling. The second prospective nested case-cohort study for validation 150 

included 72 preclinical UC cases and 140 matched healthy controls who were recruited by the 151 

Northern Sweden Health and Disease Study in Sweden (NSHDSS)12. Participants who developed 152 

UC later in life were identified by linking the Northern Sweden Health and Disease Study register 153 

dataset with the International Classification of Diseases code register of Region of Västerbotten, 154 

Sweden. Pre-diagnostic plasma samples from UC patients and matched controls who remained 155 

free from IBD during follow-up were measured for 92 proteins related to inflammation.  156 

Quality control 157 

To minimize inter- and between-study variations, the pre-processed proteomic data were unified 158 

as arbitrary units, i.e., normalized protein expression [NPX] on a log2 scale. A high NPX represents 159 
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high protein concentration and a low NPX represents low protein concentration. The limit of 160 

detection [LOD] for each protein probe was defined as the mean plus three standard deviations of 161 

the negative controls. The proteins for which >50% of samples were below the LOD were excluded 162 

from the analysis. After quality control and compiling the proteins together, a total of 57 common 163 

proteins related to systemic inflammation were eligible to be analyzed in 231 UC patients and 433 164 

controls. 165 

Statistical analysis 166 

We used multivariable logistic regression models, with age, sex, smoking status and Montreal 167 

classification as covariates, to investigate associations between individual proteins and risk of UC 168 

in discovery and validation study populations separately. A pooled analysis of individual data from 169 

the discovery and validation studies was furtherly conducted to compute a pooled effect estimates 170 

with its 95% confidence interval (CI) with adjustment of age, sex, smoking status, Montreal 171 

classification and study as covariates, for the associations between inflammation proteins and the 172 

risk of UC.  173 

Causal inference —Bidirectional two-sample MR analysis 174 

Data source for inflammatory proteins  175 

MR analysis was conducted for the 14 inflammation proteins which were implicated by replication 176 

of association in both the discovery and replication datasets. In the forward MR, single nucleotide 177 

polymorphisms (SNPs) strongly associated with systemic inflammation protein levels (P <5×10-8) 178 

(known as protein quantitative trait loci, pQTLs) were obtained from a published Phenome-wide 179 

Mendelian randomization of plasma proteosome13 and five genome-wide association studies 180 

(GWASs)14-18 (Supplementary Table 1). In the reverse MR, genetic associations were derived 181 

from the most recent and largest GWAS of plasma proteins measured with 4,907 aptamers of 182 

35,559 Icelanders17. Linkage disequilibrium (LD) was calculated based on 1000 Genomes 183 

European reference panel, and genetic variants without LD (r2 ≤0.001 and clump window >10,000 184 

kb) were finally selected as independent instrumental variables (IVs). The selected genetic IVs 185 
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were further classified as: either 1) cis-pQTLs located in the vicinity of the encoding gene (defined 186 

as ≤500 kb from the leading pQTL of the test protein); or 2) trans-pQTLs located outside this window. 187 

MR analyses separately using cis- and trans-acting pQTLs and combined overall analyses were 188 

performed to test the robustness of the MR findings. Detailed information on the SNPs used as 189 

genetic IVs for inflammation proteins is presented in Supplementary Table 2. 190 

Data source for ulcerative colitis 191 

Genetic associations between the cytokines-related SNPs and UC were obtained from the largest 192 

GWAS summary data of the international IBD genetic consortium (IIBDGC) study, which included 193 

6,968 UC cases and 21,770 population controls of European descent. Genetic variants associated 194 

with UC at the genome-wide significance level (P <5×10-8). After pruning SNPs in linkage 195 

disequilibrium (r2≤0.001 and clump window >10,000 kb), 42 SNPs were selected as genetic IVs of 196 

UC to be used in reverse MR analyses (Supplementary Table 3).  197 

Two-sample MR analysis 198 

For both the forward (the effect of circulating cytokines on UC) and reverse (the effect of genetic 199 

liability to UC on circulating cytokine levels) two-sample MR analyses, the inverse-variance 200 

weighted method with random-effects was used as the main method. Four sensitivity analyses 201 

were conducted for supplement, including the weighted median10, MR-Egger regression19, MR-202 

PRESSO20 and leave-one-out analysis. Wald ratio was calculated for every single SNP to estimate 203 

the association between exposure and outcome. The weighted median method can provide 204 

consistent causal estimates if more than 50% of the weight comes from valid instrumental 205 

variables10. MR-Egger can generate estimates after correcting for horizontal pleiotropy; however, 206 

this method compromises statistical power19. MR-PRESSO can detect outlying instrumental 207 

variables and provide causal estimates after removal of these outliers20. Cochrane’s Q value was 208 

used to assess the heterogeneity among estimates of genetic instruments and the p value for 209 

intercept in MR-Egger was used to detect horizontal pleiotropy19. The strength of instruments was 210 

assessed by calculating F-statistics (F<10 was deemed as a weak instrument)21. The threshold of 211 
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statistical significance was corrected by false discovery rate (FDR) for multiple comparison: FDR 212 

<0.05 was regarded significant and p <0.05 but not survived FDR was regarded suggestive 213 

significant. All statistical analyses were two-sided and performed in R 4.0.3 software using the R 214 

packages ‘TwoSampleMR’22 and ‘MR-PRESSO’20.  215 

All studies were approved by the irrespective institutional review boards and conducted with 216 

appropriate ethical criteria in each country and in accordance with the Declaration of Helsinki.  217 
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Results 218 

The basic characteristics of the study populations are presented in Table 1. In the discovery cohort, 219 

the mean age of participants was 37.3 vs 32.4 years, and the proportion of males was 57.9% vs 220 

45.4% in UC patients and controls. In the validation cohort, the mean age was 48.3 vs 48.1 years, 221 

and the proportion of males was 47.2% vs 45.7% in UC patients and controls. The detailed results 222 

of individual and pooled analyses of serum proteomic profiling data for 57 systemic inflammatory 223 

protein markers from discovery and validation datasets were summarized in Supplementary Table 224 

4.  225 

In the discovery dataset, 11 systemic inflammatory proteins were found to be significantly higher in 226 

UC patients than controls after correction of multiple testing by FDR, including transforming growth 227 

factor alpha (TGFA) (log2fold change [log2FC]=0.20, P=1.16×10-4), oncostatin M (OSM) 228 

(log2FC=0.10, P=.003), hepatocyte growth factor (HGF) (log2FC=0.07, P=.015), matrix 229 

metallopeptidase 10 (MMP10) (log2FC=0.10, P=.015), TNF superfamily member 14 (TNFSF14) 230 

(log2FC=0.06, P=.016), IL6 (log2FC=0.15, P=.021), C-X-C motif chemokine ligand (CXCL) 1 231 

(log2FC=0.06, P=.015), CCL20 (log2FC=0.06, P=.024), extracellular newly identified RAGE-binding 232 

protein (EN-RAGE) (log2FC=0.07, P=.025), CXCL9 (log2FC=0.11, P=.030), and CCL4 233 

(log2FC=0.04, P=.032). (Figure 2) In the validation dataset, 2 out of 11 protein markers were 234 

successfully replicated in a prospective study design: MMP10 (log2FC=0.07, P=.015) and CXCL9 235 

(log2FC=0.06, P=.015), and three more cytokines, including CXCL11 (log2FC=0.03, P=.035), 236 

CCL11 (log2FC=0.03, P=.016) and monocyte chemoattractant protein-1 (MCP1) (log2FC=0.02, 237 

P=.037) were additionally reported indicating that individuals who developed UC during the follow-238 

up period had significantly higher serum levels of these inflammatory markers at baseline (Figure 239 

2). 240 

In the pooled analyses of the two datasets, 14 out of 57 systemic inflammatory makers showed 241 

significant associations with UC risk after correction of multiple testing by FDR, including TGFA 242 

(log2FC=0.17, P=1.16×10-4), MMP10 (log2FC=0.08, P=.001), OSM (log2FC=0.10, P=.010), CXCL1 243 

(log2FC=0.04, P=.021), CXCL9 (log2FC=0.09, P=.010), HGF (log2FC=0.04, P=.016), TNFSF14 244 
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(log2FC=0.06, P=.019), IL6 (log2FC=0.14, P=.021), ENRAGE (log2FC=0.081, P=.021), CCL4 245 

(log2FC=0.03, P=.024), CCL20 (log2FC=0.06, P=.029), CASP8 (log2FC=0.114, P=.037), CCL11 246 

(log2FC=0.02, P=.037), and IL8 (log2FC=0.05, P=.040) (Figure 2). The robustness of these 247 

associations was strengthened in sensitivity analyses: 1) stratified analysis of smoking status 248 

separate in two cohorts and combined, with adjustments of age, sex and Montreal classifications 249 

and study effect (Figure S1-3); 2) stratified analysis of Montreal classifications and study in 250 

validation cohort, with adjustments of age, sex, and smoking status (Figure S4). 251 

In both forward and reverse MR, the F-statistics for used genetic instruments were all over 10, 252 

suggesting no substantial weak instrument bias (Supplementary Table 2, 3). Detailed information 253 

and results of the forward MR analysis are shown in Figure 3 and summarized in Supplementary 254 

Table 5. Forward MR analyses were performed for 13 out of 14 inflammatory proteins identified 255 

from the observational study, for which there were available genetic IVs (we found no genetic 256 

eligible genetic IV for TGFA). CXCL9 (OR, 1.45, 95% CI, 1.08-1.95; P=.012; per SD increment) 257 

and CCL11 (OR, 1.14, 95%CI: 1.09-1.18, P=3.89×10-10; per SD increment) were suggested to have 258 

causal effect on the UC risk respectively using only cis- or trans-acting pQTLs. CASP8 (OR, 1.04, 259 

95% CI, 1.03-1.05, P=7.63×10-19; per SD increment) were additionally found to have significant 260 

associations with increased risk of UC using both cis- and trans-acting pQTLs. In the reverse MR 261 

analysis, a total of 42 SNPs strongly associated with UC were included as genetic instruments 262 

(Supplementary Table 3). Results from IVW MR analysis showed that genetic liability to UC was 263 

associated with none of the three inflammatory proteins (CXCL9, CCL11, CASP8) reported in 264 

forward MR. No indications of horizontal pleiotropy were detected by MR-Egger intercept test, and 265 

two outliers were found with CCL11 by the outlier test of MR-PRESSO analyses, but there were no 266 

significant differences before and after the correction. The results of reverse MR analysis are 267 

presented in Table 2. 268 

  269 
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Discussion 270 

The potential causal role of systemic inflammation in the pathogenesis of UC has not been fully 271 

established. A major advantage, laying the foundation of both novelty and rigor of this study, is the 272 

adoption of the MR approaches together with the profiling of serum proteome to provide different 273 

tiers of evidence to cross-validate the study findings. We compiled observational datasets and 274 

performed a pooled analysis of serum proteomic profiling data to derive primary clues for 275 

observational associations between inflammatory proteins and UC risk. The bidirectional MR study 276 

was then conducted based on inflammatory proteins firstly screened out, contributing to estimate 277 

both directions of association between inflammatory proteins and UC. These findings therefore 278 

provides us with major insights into a more precise causal inference about the exact role of 279 

cytokines in the onset or progress of UC. Five GWASs of systemic inflammatory proteins and one 280 

PheWAS-MR study of plasma proteosome were employed as our data sources, comprehensively 281 

enlarging our investigation scope. Specifically, the pooled analysis of serum proteomic profiling 282 

data suggested that 14 systemic inflammatory proteins (TGFA, MMP10, OSM, CXCL1, CXCL9, 283 

HGF, TNFSF14, IL6, IL8, CCL4, CCL11, CCL20, CASP8 and ENRAGE) were significantly higher 284 

in preclinical or newly diagnosed UC patients than controls. The forward MR analysis using cis-285 

pQTLs and trans-pQTLs indicated that genetically predicted high circulating levels of CXCL9, 286 

CCL11 and CASP8 were associated with increased risk of UC, and the reverse MR analysis did 287 

not find any influence of genetic predisposition to UC on the circulating levels of these inflammatory 288 

proteins.  289 

Proteomic data employed in our analysis were derived from a case-control study (discovery cohort) 290 

and a prospective nested case-cohort study (replication cohort), providing us with sufficient and 291 

enhanced strength of evidence. The discovery cohort recruited participants across six centres in 292 

Europe to create and evaluate novel multi-protein panels based on known or suspected 293 

involvement in the pathogenesis of UC. The replication cohort was specially focused on UC 294 

developed later in life, which aimed to investigate the association between inflammatory proteins 295 

and future diagnosis of UC. This cohort of preclinical ulcerative colitis comprehensively measured 296 
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the effects of 92 predefined inflammatory proteins and was additionally employed to derive 297 

biosignature models and further validate the associations with a broader basis of the population. 298 

Given the inherent limitations of observational design and the fact that inflammation is well known 299 

to accompany diagnosis and often resolves quickly, these observed associations could only be 300 

implied as correlation rather than causation. We therefore took advantage of genetic instruments 301 

to proxy the long-term exposure to systemic inflammation and adopted a MR design to further 302 

explore any causal relationships.  303 

High serum levels of CXCL9 were found to be causally associated with increased risk UC in the 304 

pooled analysis of serum proteomic profiling data and forward MR analysis utilizing pQTLs. CXCL9 305 

is a chemokine of C-X-C subfamily23 expressed in macrophages under activation of interferon-306 

gamma (IFN)-α24 and IFN-γ25. Numerous studies have reported that CXCL9 levels are increased 307 

in several autoimmune diseases such as type 1 diabetes26,27 and systemic rheumatological 308 

disorders28-30, indicating a potential association of CXCL9 with inflammatory diseases. A 309 

therapeutic strategy targeting the CXCL9 pathway has been indicated in a previous study,31 where 310 

curcumin phytochemicals were reported to inhibit the CXCL9 inflammatory cascade. Collectively, 311 

these findings underscore the importance of CXCL9 in disease onset and may pave a new way for 312 

the prevention and treatment of UC.  313 

Serum CCL11 levels were also indicated to have a strong association with UC risk in the pooled 314 

analysis of proteomic data, and this observational association was further validated in MR analysis 315 

by utilizing pQTLs. CCL11, also known as Eotaxin-1, is another member of C-C motif chemokine 316 

subfamilies32 and can act as a chemoattractant of eosinophils and other leukocytes in inflammatory 317 

diseases.33 A previous case-control study conducted in 35 patients with UC and 38 healthy controls 318 

reported significantly higher serum levels of Eotaxin (-1) in patients with UC, providing early 319 

observational evidence for the contribution of Eotaxin to the pathogenesis of UC.34 Another nested 320 

case-control study including 137 UC cases and 38 healthy controls, found the levels of Eotaxin-1 321 

to be elevated in patients with histologically active UC vs controls using high-throughput 322 

technologies (Luminex-based multiplex testing) of 42 analytes, suggesting Eotaxin-1 to be an 323 
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essential etiologic factor and a potential treatment target.35 Based on the effect of CCL11 mediated 324 

by activation of inflammatory cytokines and induction of tissue damage on the exacerbation of UC, 325 

some experimental studies have put an effort in investigating the CCL11-related path for treatment 326 

utilizing monoclonal antibody (anti-eotaxin-1) or constructing CCL11 deficient in sulfate sodium 327 

(DSS)-induced colitis mice,36,37 further demonstrating the potentially value in the development of 328 

CCL11-targeted therapies.  329 

Our study also reported that elevated levels of CASP8 were causally associated with increased 330 

risk of UC in both the pooled analysis of proteomic data and the forward MR analysis. CASP8 is a 331 

cysteine protease capable of inducing a process called “extrinsic apoptosis” via death receptors 332 

(members of TNF subfamily)38, and it can also exert other non-apoptosis effects like regulating 333 

embryogenesis and cell proliferation39. A recent cross-sectional study including 40 patients with 334 

active UC and 21 healthy controls suggested that CASP8 was a distinguishing protein in the 335 

systemic inflammatory protein profile showing an increased level40, which possibly takes effect via 336 

interacting with inflammatory factors41. Also, some studies provided supportive experimental 337 

evidence that the expression levels of CASP8 were significantly elevated in the colonic mucosa of 338 

rats with acetic acid (AA)-induced UC,42 which could be suppressed via TLR4/NF-κB-related 339 

pathway (e.g. betulin attenuates), TGF-β-related signaling (e.g. Cyclosporine)43, etc., revealing a 340 

ponderable perspective on the development of CASP8-targeted drugs or comprehensive 341 

treatments. Nonetheless, some studies indicated opposite findings that CASP8 was reduced in UC 342 

patients44, and the deficiency of CASP8 could up-regulate the inflammasome activity via increasing 343 

the release of interacting protein 3 (RIP3)45. Given that experimental studies on animals are 344 

insufficient to achieve a broad extrapolation of conclusions, further practice of CASP8 in human 345 

population are worthy carrying out to confirm its pathological mechanisms in UC. 346 

Numerous studies have proposed that lifestyle factors, such as dietary intakes, stress and physical 347 

activities have impacts on the onset and progress of UC, and indicated that a healthy lifestyle is 348 

indicated to be an effective strategy to reduce the systemic inflammation in UC.46 Diet with sufficient 349 

intake of fruits and vegetables may reduce the systemic inflammation47 , and ong-term aerobic 350 
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exercising was also reported to reduce serum levels of proinflammatory cytokines in older adults48. 351 

Both of these findings suggested the role of healthy diet and physical activity in alleviating 352 

inflammatory diseases like UC. With the establishing role of these cytokines/chemokines in UC 353 

progress, efforts towards formulating pharmacological (potential drugs or phytochemicals) or non-354 

pharmacological strategies (anti-inflammatory diet, exercise, or stress reduction) via the regulation 355 

of CXCL9, CCL11 and CASP8 should be considered as possible strategies for primary prevention 356 

of UC.  357 

Limitations 358 

Notwithstanding the strengths of our study, there are also some potential limitations. In this study, 359 

we only conducted MR analysis with 13 inflammatory proteins that had been identified by a pooled 360 

analysis of two serum proteomic datasets, which constrained the range of cytokines assessed such 361 

that we were not able to verify potentially effective cytokines reported in our analyses of 362 

observational studies (e.g. TGFA) or suggested by previous studies, like IL23, IL7, etc. Another 363 

limitation of our study is that utilizing SNPs as instruments to deduce causality in MR analyses may 364 

risk horizontal pleiotropy, especially for protein markers proxied by a few SNPs. In addition, the 365 

confinement of population to European descent is important in considering the generalizability of 366 

our findings to other populations due to racial differences.  367 

Conclusions 368 

Overall, our study provides a hierarchy of evidence for the causal involvement of dysregulation of 369 

CXCL9, CCL11 and CASP8 in the pathogenesis of UC, from both observational and genetic 370 

analyses. Our study reveals that long-term pre-existing high levels of CXCL9, CXCL11 and CASP8 371 

may increase the risk of UC without reverse causal interference. Our findings support the primary 372 

importance of dysregulation cytokines in the pathogenesis of UC and provide novel perspectives 373 

for treatment strategies and drug development based on mechanisms related to those cytokines 374 

and chemokines.  375 
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Table and Figure Legends 515 

Table 1. Characteristics of two observatory studies of serum proteomic profiling data. 516 

Abbreviations: UC, ulcerative colitis; IBD, inflammatory bowel disease. 517 

Table 2. Results of the associations between ulcerative colitis and inflammatory proteins 518 

using reverse Mendelian Randomization analyses. 519 

Abbreviations: SNPs, single nucleotide polymorphism; CI, confidence interval; SE, standard error; 520 

CXCL, C-X-C motif chemokine ligand; CCL, C-C motif chemokine ligand; CASP8, caspase 8; IVW, 521 

Inverse variance weighted. 522 

Figure 1. Schematic diagram of the study design. 523 

Abbreviations: UC, ulcerative colitis; IBD, inflammatory bowel disease; MR, Mendelian 524 

randomization; GWAS, genome-wide association study; FDR, false discovery rate; IVW, inverse 525 

variance weighted method; LD, linkage disequilibrium.  526 

Figure 2. Adjusted results for analyses of serum proteomic data from discovery and 527 

validation datasets. 528 

Abbreviations: UC, ulcerative colitis; MMP10, matrix metallopeptidase 10; CXCL, C-X-C motif 529 

chemokine ligand; CCL, C-C motif chemokine ligand; MCP1, i.e. CCL2; TGFA, transforming growth 530 

factor alpha; OSM, oncostatin M; HGF, hepatocyte growth factor; TNFSF, TNF superfamily 531 

member; IL, interleukin; ENRAGE, i.e. S100A12, S100 calcium binding protein A12; CASP8, 532 

caspase 8; Sig, significant.  533 

Figure 3. Associations of 13 cytokines with UC risk in forward MR analysis. 534 

Abbreviations: SNP, single nucleotide polymorphism; CI, confidence interval; CASP8, caspase 8; 535 

CCL, C-C motif chemokine ligand; MIP, major intrinsic protein of lens fiber; CXCL, C-X-C motif 536 

chemokine ligand; GRO, growth-regulated oncogene; IL, interleukin; MIG, monokine induced by 537 
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gamma interferon; ENRAGE, i.e. S100A12, S100 calcium binding protein A12; HGF, hepatocyte 538 

growth factor; MMP10, matrix metallopeptidase 10; OSM, oncostatin M; TNFSF14, tumor necrosis 539 

factor superfamily member 14; OR, odds ratio; CI, confidence interval. 540 
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Table 1. Characteristics of two observatory studies in secondary analysis of serum proteomic profiling data. 541 

Clinical characteristics 

Discovery cohort  Validation cohort   Pooled 

UC  
(n=159) 

Controls 
(n=293) 

P  
value 

 
UC  

(n=72) 
Controls 
(n=140) 

P 
value 

 
UC  

(n=231) 
Controls 
(n=433) 

P 
value 

Age, mean (SD) 37.3 (14.3) 32.4 (13.8) <0.001  48.3 (10.8) 48.1 (10.7) 0.901   40.7 (14.2) 37.5 (14.9) 0.006  

Sex, male, n (%) 92 (57.9) 133 (45.4) 0.015   34 (47.2) 64 (45.7) 0.950   126 (54.5) 197 (45.5) 0.032  

Smoking status, n (%)            

           Non-smoker 145 (91.2) 226 (77.1) <0.001  50 (69.4) 105 (75.0) 0.241   195 (84.4) 331 (76.4) 0.003  

           Smoker 14 (8.8) 53 (18.1)   22 (30.6) 32 (22.9)   36 (15.6) 85 (19.6)  

           Missing 0 14 (4.8)   0 3 (2.1)   0 17 (3.9)  

Disease extent for UC at diagnosis, n (%)            

           Proctitis (E1) 39 (24.5) -   16 (22.2) -   55 (23.8) -  

           Left-sided colitis (E2) 47 (29.6) -   28 (38.9) -   75 (32.5) -  

           Extensive colitis (E3) 63 (39.6) -   28 (38.9) -   91 (39.4) -  

           Not available 10 (6.3)    0 (0)    10 (4.3)   

542 
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Table 2. Associations between CXCL9, CCL11 and CASP8 levels and UC risk in the reverse MR analyses. 543 

Outcome SNPs Method Beta coefficient (95% CI) SE P Effect P Heterogenicity P Intercept 

CXCL9 

 

42 

 

IVW 0.01 (-0.01, 0.02) 0.007 0.296 0.390 - 

MR Egger 0.02 (-0.02, 0.05) 0.016 0.347 0.361 0.587 

Weighted median 0.01 (-0.01, 0.03) 0.010 0.250 - - 

MR-PRESSO 0.01 (-0.01, 0.02) 0.007 0.405 - - 

CCL11 

 

42 

 

IVW 0.01 (0, 0.03) 0.009 0.115 0.002 - 

MR Egger 0.02 (-0.02, 0.06) 0.021 0.398 0.001 0.860 

Weighted median 0.02 (-0.01, 0.04) 0.011 0.142 - - 

MR-PRESSO 0.02 (0, 0.03) 0.008 0.002 - - 

CASP8 42 

IVW 0.001 (-0.01, 0.01) 0.007 0.978 0.380 - 

MR Egger 0.01 (-0.02, 0.04) 0.016 0.529 0.359 0.490 

Weighted median 0.01 (-0.01, 0.03) 0.010 0.394 - - 

MR-PRESSO 0 (-0.01, 0.01) 0.007 0.325 - - 

544 
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 545 

Figure 1. Schematic diagram of the study design. 546 
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 547 

Figure 2. Adjusted results for analyses of serum proteomic data from discovery and validation datasets. 548 
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 549 

Figure 3. Associations of 13 cytokines with UC risk in forward MR analysis. 550 


