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Abstract:  

Background & Aims: Administration of tryptophan, and some of its metabolites, reduces the 

severity of colitis in mice, whereas removing tryptophan from the diet increases susceptibility 

to colitis. Transfer of the intestinal microbiome can increase susceptibility of mice to colitis. 

We aimed to systematically evaluate serum levels of tryptophan and its metabolites in 

patients with inflammatory bowel diseases (IBD), and study their association with clinical and 

serologic features. 

Methods: We studied 535 consecutive patients with IBD (211 with ulcerative colitis [UC], 234 

with Crohn’s disease [CD]; 236 male), enrolled in Germany from August 2013 through April 

2014 and followed until July 2016. Serum samples were collected from patients and 100 

matched individuals without IBD (controls); levels of tryptophan were measured using high-

performance liquid chromatography. Metabolites of tryptophan were measured in serum from 

148 patients and 100 controls by mass spectrometry. We measured levels of interleukin 22 

(IL22) in serum from 28 patients by ELISA. Paired stool and serum samples were collected 

from a subset of patients with active UC (n=10) or CD (n=8) to investigate associations 

between serum levels of tryptophan and composition of the fecal microbiota, analyzed by 

16S rDNA amplicon sequencing. We used real-time PCR to measure levels of mRNAs in 

colonic biopsies from 60 patients with UC, 50 with CD; and 30 controls. We collected 

information on patients’ disease activity scores, medications, laboratory assessments, clinical 

examinations during recruitment and follow-up visits. 

Results: Serum levels of tryptophan were significantly lower in patients with IBD than 

controls (P=5.3x10–6) with a stronger reduction in patients with CD (vs control, P=1.1x10–

10) than UC (vs control P=2.8x10–3). We found a negative correlation between serum levels 

of tryptophan and disease activity or level of c-reactive protein. Levels of mRNAs encoding 

tryptophan 2,3- dioxygenase-2 (TDO2) and solute carrier family 6 member 19 (SLC6A19, 

also called B0AT1) were significantly decreased in liver biopsies from patients with IBD 

compared with controls, whereas level of mRNA encoding indoleamine 2,3-dioxygenase-1 
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(IDO1) was significantly increased. The composition of the fecal microbiota associated with 

serum levels of tryptophan. Analysis of tryptophan metabolites revealed activation of the 

kynurenine pathway, based on high levels of quinolinic acid, in patients with IBD compared 

with controls. Serum concentration of IL22 associated with disease activity in patients with 

IBD; there was an inverse association between level of IL22 and serum level of tryptophan. 

Conclusions: In an analysis of serum samples from more than 500 patients with IBD, we 

observed a negative correlation between serum level of tryptophan and disease activity. 

Increased levels of tryptophan metabolites—especially of quinolinic acid—indicated a high 

activity of tryptophan degradation in patients with active IBD. Tryptophan deficiency could 

contribute to development of IBD. Studies are needed to determine whether modification of 

intestinal tryptophan pathways affects the severity of IBD. 

KEY WORDS: diet; amino acid; kynurenine; inflammation; anti-inflammatory 
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Background and Aims 

The etiology of inflammatory bowel diseases (IBD) with its main subforms of Crohn’s disease 

(CD) and ulcerative colitis (UC) remains unknown. Disease activity is assessed by symptom 

scores, inflammatory changes in appearance of the mucosa and biomarkers including serum 

C-reactive protein (CRP) and fecal calprotectin. Many patients do not respond satisfactorily 

to approved medications or develop severe side effects. Consequently, additional therapeutic 

approaches are urgently needed. Especially in CD, there is an unmet need for a baseline 

therapy comparable to the use of mesalamine in UC, with a general anti-inflammatory 

efficacy and a low level of side effects.  

Previous studies in small patient series indicated low serum levels of the aromatic amino acid 

tryptophan (TRP) in several autoimmune disorders, especially in IBD [1-4]. Surprisingly an 

anti-inflammatory effect of dietary intervention with TRP and TRP metabolites can be seen in 

experimental colitis models independent of the nutritional status [5-7]. In murine models 

endogenous TRP metabolites protect from inflammation by maintaining gut immune 

homeostasis and microbial diversity [8,9]. In a murine colitis model using dextran sulfate 

sodium (DSS), TRP-deficient mice showed aggravation of colitis, increased weight loss and 

reduced levels of antimicrobial peptides in the intestine [5]. The phenotype is transferable 

through the stool microbiome into mice with a normal nutritional status. In mice and piglets, 

addition of TRP to normal diet reduced the symptoms of DSS-induced colitis, improved 

histology, intestinal permeability and decreased local inflammatory mediators like interferon-γ 

(IFN-γ), TNF-α and expression of pro-apoptotic factors [6]. TRP itself may also exert an 

antioxidant protection mechanism against lipid and protein peroxidation due to its indole ring 

[6]. 

Patients with IBD suffer from diarrhea and in severe cases malnutrition and weight loss. On 

average, the weight of patients with CD is lower than in the normal reference population [10]. 

Food is the main source for TRP and uptake is through the sodium-dependent neutral amino 

acid transporter SLC6A19/B0AT1 [5]. Expression of SLC6A19/B0AT1 has been described to 
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be mainly restricted to the small intestine in mice, in humans expression of the transporter is 

found at lower levels in the colon, too [11,12].  

Availability of TRP is important for protein synthesis in general and in specifically for the 

synthesis of nicotinamide derivatives via kynurenine (KYN), indole derivates and serotonin 

using alternative pathways [13].  The KYN pathway comprises at least 90% of the TRP 

catabolism [3,13]. The enzyme indoleamine 2,3-dioxygenase 1 (IDO1) is the initial and rate 

limiting step oxidizing TRP to KYN. IDO1 is expressed by antigen-presenting cells, 

monocytes, macrophages, dendritic cells and epithelial cells [13]. Additional TRP-

metabolizing enzymes are IDO2 and tryptophan 2,3-dioxygenase (TDO). Regulation of IDO1 

modulates systemic and local immune responses [14]. In chronic states of inflammation like 

IBD pro-inflammatory cytokines including IFN-γ, TNF-α, IL-1β, IL-2, IL-6, IL-18 and IFN-α 

induce the expression of IDO1 [6,14]. KYN is metabolized via kynurenic acid to quinaldic 

acid. Another pathway degrades KYN to hydroxyanthranilic acid via anthranilic acid or 3-

hydroxykynurenine, resulting in xanthurenic acid as a side product. Hydroxyanthranilic acid 

can be metabolized by two pathways forming picolinic acid or quinolinic acid, which can be 

converted via nicotinamide (important for the cellular energy homeostasis) to nicotinamide 

adenine dinucleotide (NAD) (figure 3).   

Gut microbiota metabolize TRP to indole derivates, which may act as ligands for the aryl 

hydrocarbon receptor (AhR) inducing local production of IL-22 [15]. IL-22 is a cytokine 

expressed by T helper (Th) cells, neutrophils and innate lymphoid cells. IL-22 maintains 

intestinal homeostasis promoting immune defense and tissue repair [8,9,15].  

Only 1% of TRP is metabolized by brain TRP hydroxylase for synthesis of serotonin. More 

than 95% of the body’s serotonin is produced by enterochromaffin cells in the intestine, 

where it affects gut physiology including motor and secretory functions. In IBD reduced 

serotonin levels are found [16].  

In summary, a close interaction between cytokines involved in the pathogenesis of chronic 

inflammations including IFN-α, IFN-γ, TNF-α, TGF-β and the KYN pathway exists. 
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Consequently, the aim of this study was to systematically evaluate TRP and the KYN 

pathway by determining TRP levels as well as the levels of KYN, kynurenic acid (KYA), 

quinaldic acid (QUD), 3-hydroxykynurenine (3-HK), anthranilic acid (ANT), xanthurenic acid 

(XAN), picolinic acid (PIC) and quinolinic acid (QUI) in a large cohort of patients with IBD 

together with a plethora of clinical and serological parameters. A study design was chosen 

that first examined and confirmed dysregulation of TRP in two independent cohorts recruited 

from outpatients.  The patient populations were then joined and longitudinal follow up 

samples were included to investigate an association of TRP and TRP metabolite levels with 

multiple phenotypic and biochemical parameters. 

 

Material and Methods 

Patients 

In the IBD outpatient clinic of the Department of Internal Medicine I at the University Hospital 

Schleswig-Holstein (Campus Kiel, Germany) adult patients with confirmed IBD were 

consecutively recruited between August 2013 and April 2014 and followed up until July 2016. 

Patients under experimental therapies (i.e. in clinical trials) were excluded. TRP serum levels 

were analyzed in 246 IBD patients (compared to 100 age/sex matched healthy controls 

(male: n=68; female: n=32)) followed by a confirmation experiment in a second cohort of 289 

IBD patients (191 healthy blood donor controls (male: n=114; female: n=77)). The cohorts 

were then pooled (535 patients with IBD (UC: n=211, CD: n=324; male: n=236, female: 

n=299)) for further analysis (table 1). For 432 of the 535 patients, we were able to collect 

data at several time points during longitudinal follow up.  

We recorded disease activity scores (UC: clinical activity index (CAI) and partial Mayo score; 

CD: Crohn’s disease activity index (CDAI) and Harvey Bradshaw index (HBI)), medications, 

laboratory assessments and clinical examinations of 535 patients during recruitment and 

follow up visits (CD: n=324; number of visits: 1805; UC: n=211; number of visits: 846). 
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Endoscopies were scheduled as clinically needed. Active disease was defined as CRP ≥5 

mg/l and/or CDAI >150 points and/or HBI ≥5 points for CD and as CRP ≥5 mg/l and/or CAI 

≥5 points for UC, respectively (figure 1, supplemental figure 4). TRP metabolites were 

analyzed in 148 of the 535 patients (CD: n=81; UC: n=67) and in the 100 healthy controls. IL-

22 was measured in 28 patients (CD: n=17; UC: n=11) selected from the 148 patients for 

availability of paired time points with additional samples reflecting active and inactive disease 

(figure 3). We analyzed relationship of TRP levels and intestinal surgery (surgery) within 200 

days (IBD n=28) and 100 days (IBD n=27) after measurement, respectively (CD and UC 

pooled). Surgery was defined as ileocecal resection, resection of colon, proctocolectomy and 

de novo ileostomies. We collected the “Potsdam dietary questionnaire” from 114 patients to 

examine a potential relationship between food based intake of TRP and disease activity 

(active IBD (CD n=20, UC n=11) and inactive IBD (CD n=63, UC n=20)). 50 questionnaires 

were collected at the time or TRP sampling (as part of an independently conducted master 

thesis). As return of 100 questionnaires sent out, 64 additional data sets could be obtained 

from patients who were recalled up to 18 months after TRP assessments.  This tool is a 

complex food frequency questionnaire for inference of energy and macronutrient intake and 

has been validated in the German population [17].   

The independent biopsy cohort for transcriptional analysis comprised 195 unrelated 

individuals (n=30 active UC, n=30 inactive UC; n=30 active CD, n= 30 inactive CD; n=30 

healthy individuals (hospital-recruited normals, HN); n=15 active disease controls; n=30 

inactive disease controls) [11]. Healthy controls were recruited from colonic cancer 

surveillance colonoscopies of individuals from the same age group and were examined by 

the same endoscopist with no pathological findings, while disease controls represented 

patients with infectious diarrhea, other forms of gastrointestinal inflammation or irritable 

bowel syndrome. All biopsies have been taken at the same site in the sigmoidal colon 

(approx. 25 cm ab ano), the definition “active” reflects that biopsies were taken from an 

affected area, but not from the ground of an ulceration. All patients gave written informed 

consent before data and biomaterials were collected. (figure 2)  
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To validate the correlation between serum tryptophan levels and therapy response, we 

acquired serum samples from a therapeutic subset (patients with IBD, who were enrolled in 

an independent observational protocol for first time application of biologics) at the University 

Hospital Kiel. The population included 46 responders to anti-TNF (CD=31, UC=15) and 24 

responders to vedolizumab (CD n=11, UC=13). Response was defined clinically by a 

reduction of partial Mayo score or HBI by at least 2 points at week 24. For analysis of primary 

non-response 17 IBD patients (CD n=9 and UC n=8, only infliximab) were used.  

Paired stool and serum samples were collected from a subset of n=18 active patients, 

diagnosed with active UC (n=10) and CD (n=8) prior to therapy induction to investigate the 

correlation of serum tryptophan levels and microbiota composition. All included patients had 

an active disease, defined by Mayo Index (UC) or Harvey Bradshaw Index (CD) respectively. 

All patients gave written informed consent before data and biomaterials were collected. 

 

Measurement of tryptophan levels in serum and quantification of metabolites in the KYN 

pathway  

Serum levels of TRP were determined using an IVD-CE-certified high-performance liquid 

chromatography kit.  Lower limits of quantification (LLOQ) and lower limits of detection 

(LLOD) were calculated according to DIN 32645 guidelines. For further details see 

supplemental methods.   

16S rRNA Analysis 

DNA was extracted from stool samples and the 16S rRNA gene variable region V3-V4 was 

amplified using the primer pair 319F and 806R [18]. Equal amount of amplicons from each 

sample was pooled to prepare a library and sequenced on Illumina Miseq platform (Illumina, 

San Diego, USA). Obtained sequences were quality controlled using mothur [19]. Sequences 

were assembled into contigs and aligned against a mothur-curated Silva alignment database 

after extensive quality control and filtering. Chimeric sequences were detected with the 

VSEARCH algorithm [20]. Statistical analyses were performed using the R package Vegan 
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and PAST (see supplemental methods for details). 

Quantification of TDO2, SLC6A19/B0AT1 and IDO1 expression: 

We assessed mRNA transcript levels in mucosal biopsy samples [11] as described above by 

Taqman real time PCR and compared expression levels to normal controls and to 

inflammatory controls with non-specific disease (mostly viral (>85% CMV) and C. difficile-

related infectious diarrhea). Validated assays (primer/probe pairs) were obtained from 

Thermo Fisher, Waltham, MA, USA (IDO1 (Hs00984151_m1); TDO2 (Hs00194611_m1); 

SLC6A19/B0AT1 (Hs01384157_m1)) and run under standard conditions as described by the 

manufacturer on a 7900HT Fast real time PCR system (Life Technologies, Foster City, CA, 

USA)  

Quantification of IL-22 

IL-22 levels were determined in serum using the Quantikine ELISA Human IL-22, further 

details can be found in the supplement.  

Data analysis 

Analysis of the two cohorts was performed using the first time point available of each patient. 

TRP levels were compared between IBD patients and controls using Welch t-tests. All 

available data points were used in the analyses of the relationship between TRP levels and 

disease activity, clinical and serological parameters. Comparisons between active, inactive 

and healthy control samples were performed using a nonparametric bootstrap approach. 

Sampling with replacement was performed on the individual subject level, and the difference 

in medians (active or inactive vs. control) or median of the differences (active vs. inactive) 

was used as test statistic that was calculated on each bootstrap sample. Confidence 

intervals were estimated using the 2.5% and 97.5% quartiles of the distribution of the 

bootstrap test statistics. P-values were determined by 2* the proportion of bootstrap test 

statistics larger or smaller than zero, depending on the sign of the test statistic based on the 

original sample. To evaluate associations with clinical parameters, univariate linear mixed 
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models with the independent variable (e.g. disease group or clinical parameter) as fixed 

effect and the patient ID as random effect were carried out.  We estimated linear mixed 

models, separately for CD and UC, including all clinical variables that were significant in the 

univariate analyses and performed backward selection (supplemental table 3). For the 

analysis of TRP levels under therapy, paired t-tests were performed comparing each time 

point with baseline. Performance of TRP levels to predict surgery within 100 or 200 days 

after measurement was assessed using receiver operating curves plotting sensitivity and 

specificity. In addition, area under the curve (AUC) and corresponding 95% confidence 

intervals were estimated. Time until relapse was analysed using Kaplan-Meier survival 

curves and log rank tests. Patients were stratified according to low or high TRP levels which 

were defined by dichotomizing the continuous TRP levels using a threshold of 56.3 which 

corresponds to the median TRP value in the 291 controls included in the study. 

Metabolite data were measured in two batches, which lead to differences in measured 

concentrations. For adjustment, a linear mixed model was estimated for each metabolite 

separately using batch as fixed effect and patient ID as random effect. The fixed effect 

estimate was then subtracted from the measurements of the second batch, resulting in 

values with similar distributions as the original measurements. The comparison of active or 

inactive states of disease with healthy controls included only a single time point for each 

patient so that nonparametric Wilcoxon rank sum tests were employed as paired analysis. 

All statistical tests were carried out two-sided using a nominal significance level of 5%. 

Analyses were performed with the statistical software R (version 3.2.2). R packages nlme 

(version 3.1-121) and MuMIn (version 1.15.1) were used to estimate linear mixed models 

and the variance explained by the fixed effect (= marginal R2). R package [21] pROC 

(version 1.8) was used for ROC analysis and estimation of AUC and survival analysis was 

performed with R package survival (version 2.39-5). 

 

Ethics: 
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Approval was granted by the ethics committee of the medical faculty of Kiel University prior 

to study (AZ D489/14 for the analysis of TRP and metabolites and B231/98 and AZ156/03-

2/13 for the analysis of transcript levels in biopsy tissue). 
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Results 

TRP levels and disease: 

In the initial analysis, we detected significantly reduced TRP levels in patients with IBD 

(n=246) vs. control subjects (n=100, P=7.8x10-5). In a second cohort this finding was 

confirmed in comparison with a second set of 191 control subjects (P=8.7x10-8) 

(supplemental figure 1). In the pooled analysis (n=535) TRP levels in IBD statistically 

separated from normal controls with high significance (P=5.3x10-6) with a stronger reduction 

in CD (vs. control P=1.1x10-10) than in UC (vs. control P=2.8x10-3). The reduction of TRP was 

related to disease activity by analysis of the full set of both CD and UC patients including the 

follow-up samples  (CD: control vs. inactive CD: n=490, P=0.016; control vs. active CD: 

n=511, P<0.001; active vs. inactive CD n=114, P=0.01; UC: control vs. inactive UC: n=428, 

P=0.772; control vs. active UC: n=420, P<0.001; active vs. inactive UC: n=65, P=0.068) 

(figure 1). Different definitions of activity (using biochemical activity and symptom based 

scores) resulted in similar findings (supplemental figure 4). 

 

Nutrition: 

As different dietary intake could be related to disease activity we obtained Potsdam dietary 

questionnaire data sets from a subset of patients from the TRP analysis.  From this data, 

dietary consumption of TRP was not significantly different between active and inactive IBD 

(supplemental table 1). 

 

TRP receptor SLC6A19/B0AT1 and degrading enzymes TDO2 and IDO1: 

The mRNA of the neutral amino acid transporter SLC6A19/B0AT1 was significantly 

downregulated in biopsies from patients with active CD and UC in comparison with non-

inflamed healthy controls (active CD vs. control: P=2.16 x 10-03, active UC vs. control P=2.68 

x 10-06) and non-specific inflammatory controls (mostly viral (>85% CMV) and C. difficile-

related infectious diarrhea; active CD vs. inflammation controls: P=0.01, active UC vs. 
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inflammation controls P<0.0001), too. There was no association of local expression levels 

with distant disease location (e.g. isolated ileal inflammation in CD). Downregulation was 

related to endoscopic disease activity. The mRNA of TDO2 was significantly downregulated 

in active CD and UC (P=1.11 x 10-06 and P=3.64 x 10-08, respectively) whereas IDO1 

transcript levels were upregulated (CD P=5.86 x 10-06; UC P=3.66 x 10-07)(figure 2). 

Microbiome and TRP 

In order to identify the relation of serum tryptophan levels and gut microbial communities, we 

compared fecal microbiota communities from a cohort of 18 inflammatory bowel disease 

patients stratified into low (14.6 – 32.1; µg/ml), intermediate (40.9 – 49.3; µg/ml) and high 

(52.2- 65.6; µg/ml) TRP levels. Reduced gut bacterial α−diversity (diversity within sample) 

has been suggested as a hallmark feature in IBD subject if compared to healthy subjects, 

thus we assessed and compared bacterial α−diversity in low and high tryptophan IBD 

subjects. Observed number of species, richness estimates, as well as Shannon diversity 

indices were consistently higher in high tryptophan subjects, however these differences were 

not significant (data not shown). To explore the correlation between the gut microbial 

α−diversity measures and serum tryptophan levels as a quantitative trait, a correlation 

analysis (Spearman rank) was performed, which again yielded consistent trends, but none of 

the comparisons reached formal significance (supplemental figure 5).   

A principal coordinate analysis based on Bray-Curtis distances (weighted β-diversity, i.e. 

diversity between samples taking abundance of bacteria into account) revealed that samples 

from low, intermediate and high tryptophan subjects cluster distinctly (supplemental figure 

6A). Non-parametric permutational multivariate analysis of variance (PERMANOVA) 

supports the observations that microbiota is significantly different (p = 0.0078) in the gut 

between low and high tryptophan strata. Unweighted analysis by Jaccard distance matrices 

(β-diversity measure not taking abundance of operational taxonomical units into account) did 

only show a slight trend of differences between the groups (PERMANOVA TRP high vs. low 

individuals: p= 0.3059 (supplemental figure 6B)). We then identified taxonomical microbial 
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signatures potentially contributing to the observed differences.  Linear discriminant analysis 

effect size (LefSe) identified 11 bacterial phylotypes, among those Bifidobacterium 

adolescentis was enriched in high tryptophan subjects while Escherichia coli was enriched in 

IBD subjects with low tryptophan levels (supplemental figure 6C). It must be noted, however, 

that due to the high correlation between inflammatory activity and TRP levels, this analysis 

does not necessarily imply a direct influence of TRP serum levels on fecal microbial 

composition. 

 

TRP metabolites and IL-22 

We investigated TRP metabolites in the serum of 148 patients with IBD (figure 3, 

supplemental table 2). We noticed an altered activity of the KYN pathway with a significantly 

higher KYN/TRP ratio in IBD vs. control, which was related to disease activity and stronger in 

CD (active: P=6.2x10-7; inactive: P=0.024) than in UC (active: P=6x10-6; inactive: P=0.026). 

We detected strongly increased serum levels of quinolinic acid, more pronounced in CD vs. 

control (active: P=7.7x10-28; inactive: P=8.4x10-25) than in UC vs. control (active: P=7.5x10-17; 

inactive: P=2.3x10-14). Serum levels of picolinic acid were significantly reduced in CD vs. 

control (active: P=2x10-7; inactive: P=1.8x10-7) as were levels for kynurenic acid (active CD: 

P=9.4x10-6; inactive CD: P=0.0005). Anthranilic acid, the precursor of quinolinic acid, was 

increased in the serum of patients with CD vs. control (active: P=0.0019).  

IL-22 serum levels were analyzed in a subset of 28 patients, for which additional, individually 

paired (active/inactive) samples were available. Levels were lower in inactive than in active 

IBD disease (CD: P=0.012, IL-22/TRP ratio: P=0.0003; UC: P=0.4, IL-22/TRP ratio: 

P=0.0085). IL-22 and TRP were negatively correlated as shown in figure 3 (IL-22/TRP 

ratios).  

TRP levels and clinical characteristics: 

A further exploratory analysis of the combined cohort (including follow-up samples) was 

conducted investigating 27 clinical and laboratory parameters shown in table 2. Gender (CD: 
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P=0.003; UC: P=2.6x10-6 (supplemental figure 3)), BMI (CD: P=7.3x10-10; UC: P=0.021), 

hemoglobin (CD: P= 3.4x10-17; UC: P= 1.6x10-14), clinical activity scores (CD: HBI: P=1.1x10-

6; CDAI: P=9.7x10-11; UC: PMS P=3.9x10-9, CAI P= 4.5x10-07), CRP (CD: P=1.8e-21; UC: 

P=5.6e-11) and thrombocyte counts (CD: P=7.2x10-11; UC: P=7.8x10-6) were significantly 

associated with TRP (table 2). We observed differences in TRP levels related to disease 

behavior (Montreal A1 vs. A2: P=0.0032; Montreal L1 vs. L3: P=0.0014; comparing 

complicated vs. uncomplicated disease course (B1 vs B2+B3+perianal disease) P=0.0163) 

(supplemental table 4). Weaker associations included a negative correlation of TRP with 

leucocyte counts (P=0.037), GPT (P=1.2e-5) and time after diagnosis (P=0.033) in CD and a 

significantly positive correlation of TRP with the use of 5-aminosalicylates (P=0.034) in UC. 

No significant association was found between age, smoking status or presence of disease 

complications like fistulae or abscess formation and TRP levels (table 2). 

Analyzing the mixed models for CD the criteria BMI (P=0.00035), CDAI (P=0.0029), CRP 

(5.8e-12), GPT (P=0.014), hemoglobin (P=0.00017) and time after diagnosis (P=0.0024) were 

significant and for UC the criteria CAI (P=0.042), CRP (P=5.5e-7), hemoglobin (P=0.0001) 

and creatinine (P=0.00063) (supplemental table 3). 

. 

TRP levels and therapeutic intervention with biologics and before surgery:  

The relationship between TRP levels and outcome of first biological therapy was analyzed in 

a subcohort of patients in whom TRP levels were measured at several time points after start 

of therapy (baseline). Successful biological therapy using infliximab led to a significant and 

sustained increase of TRP levels (CD: 2 weeks vs. baseline P=0.00012; 6 weeks vs. 

baseline P=0.041; 14 weeks vs. baseline P=0.009; 6 month vs. baseline P=0.006; UC: 6 

weeks vs. baseline P=0.042). A significant increase of TRP levels was not observed in non-

responders, who showed only a modest increase 2 weeks after first infusion (comparison 

with baseline P=0.018). No significant effect on TRP levels was induced by vedolizumab. 

(figure 4).  
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We investigated TRP levels as a potential predictor for complex disease needing intestinal 

resection.  Patients who underwent surgery within 100 or 200 days from first TRP 

assessment, respectively, were compared against those without need for surgery. TRP 

levels were significantly lower in patients who later had to undergo surgery (P=3.19x10-3 and 

P=5.6x10-3, respectively). Figure 5 shows the receiver-operator-curves for 

sensitivity/specificity of this observation (AUC (100 day): 0.76 (95% CI: 0.63; 0.89) and AUC 

(200 days): 0.73 (95% CI: 0.59; 0.87). In another analysis we investigated an association of 

TRP level in remission with time until relapse, which showed a trend but did not reach 

statistical significance (supplemental figure 7). 
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Discussion  

In a systematic analysis of a large cohort of 535 patients with IBD, we found that TRP serum 

levels were lower than in 291 healthy controls.  This confirms earlier observations of reduced 

TRP serum levels in smaller cohorts [1,2,9,13,22-25]. A stronger downregulation was seen in 

CD than in UC. Reduction of TRP serum levels could be caused by different factors: One 

explanation might be a reduced nutritional state of CD patients in comparison with UC [26]. 

In dietary questionnaires we did not detect a significant difference in TRP consumption 

during active disease, neither in CD nor in UC. Unfortunately, the assessment of dietary 

intake was only partially matched with the time points of TRP serum level assessment and 

more patients with CD than with UC returned the questionnaire.  The significant 

downregulation of SLC6A19/B0AT1 expression suggests that IBD patients could develop a 

specific absorption defect of TRP. It must be pointed out that the degree of B0AT1 regulation 

does not fully reflect the level of TRP depletion (i.e. stronger transcriptional regulation in 

active UC vs. stronger reduction of TRP in active CD) indicating a complex defect of TRP 

metabolism beyond mere absorption. Further, we have measured transcriptional regulation in 

the mucosa of the sigmoid colon, which may not entirely reflect expression in the small 

intestine where most of the TRP is absorbed.   Increased catabolism of TRP through IDO1 in 

the inflamed mucosa could be a further factor to contribute to the low TRP levels seen in 

serum [1,6,13,25].  Finally, the microbiota itself could contribute to TRP metabolism. We 

found a significantly different composition of the stool microbiota in relationship with TRP 

levels. As TRP levels are associated with inflammatory activity, it must be noted that these 

changes may not necessarily be directly linked to alterations in TRP catabolism, but could 

also be in large parts be caused by the effect of intestinal inflammation. Larger cohort studies 

in healthy subjects and patients with other inflammatory disorders are therefore warranted to 

understand the exact influence of host TRP metabolism on gut microbial communities.  

Shortage in TRP due to nutritional starvation has been an aggravating factor for susceptibility 

to chronic inflammation in various animal models of colitis [5,6]. It is also a leading cause for 
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colitis in general protein-calorie-malnutrition, which is characterized by intestinal failure with 

barrier disruption, protein loss and inflammation in both humans [2,3] and animal models. In 

animal models the substitution of TRP or its immediate metabolites (i.e. niacin or 

nicotinamide) can rescue the intestinal phenotype even in continued presence of severe 

malnutrition [5]. TRP deprivation could contribute to many of the features of IBD, from 

chronic mucosal inflammation to reduced diversity of the microbiome and to disturbed motility 

and visceral hypersensitivity [5,12,13]. From the validated food questionnaire data, which we 

obtained in a subcohort of our patients, it appears, however, unlikely that disease activity is 

related to lower TRP consumption through a systematically altered diet.  

We investigated the degradation of TRP by the analysis of metabolites along the KYN 

pathway. Consequent to the high IDO expression, KYN/TRP ratios were increased in our 

samples. The downstream metabolites of KYN are shifted towards quinolinic acid in CD and 

UC, whilst picolinic acid and kynurenic acid were reduced in CD only. An elevation of 

quinolinic acid in CD has been described before in a study analyzing metabolomics in a small 

cohort of 25 CD patients [27]. We have extended these findings in a large CD cohort and 

show a strong elevation of quinolinic acid levels in UC, too. Quinolinic acid is increased 

during central and systemic immune responses. In a mouse model with intraperitoneally 

injected quinolinic acid, decreased CD4+CD8+ thymocyte subsets were found [28]. 

Quinolinic acid can be converted to NAD via nicotinamide. NAD is important to maintain 

cellular integrity as a substrate and enzyme cofactor in redox reactions in the organism. So 

far, little is known about the impact of quinolinic acid in IBD.  

In contrast, picolinic acid was reduced in the serum of patients with CD. An earlier study 

analyzing the metabolom in a small cohort of 19 UC and 25 CD patients did not find 

significant changes of picolinic acid [27]. Picolinic acid could to influence cellular growth 

depending on NAD(+), as it leads to a G(1) stage cell cycle arrest in rat kidney cells, which 

could be partially neutralized by nicotinamide [29]. It regulates cellular growth and exerts 
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antitumoral, antifungal and antiviral activities.  During an inflammatory response, picolinic 

acid and IFNγ seem to interact in exerting macrophages activation [30].  

Kynurenic acid levels were lower in our study in CD patients. A study with a small cohort of 

patients suffering from irritable bowel syndrome demonstrated downregulation, too [31]. In 

contrast, patients suffering from colon carcinoma or adenoma showed higher kynurenic acid 

serum levels, and kynurenic acid exerts an antiproliferative effect against colon cancer cells 

[32]. Within the KYN pathway, kynurenic acid plays a regulatory role by inhibiting quinolinic 

acid. This mechanism seems to be ineffective in active IBD. Kynurenic acid is degraded to 

quinaldic acid, which decreases metabolic activity of colon cancer cells and causes impaired 

DNA synthesis as well as anti-proliferative effects in colon cancer [33].  

These findings not only indicate that TRP is shuttled into the KYN pathway that could be 

indicative of a futile attempt to refuel the energy deficiency of epithelial cells [34] but also 

points to various intermediaries in this process with profound immunoregulatory and cell 

homeostasis regulating capabilities.   

A comparison of active versus inactive disease (paired longitudinal samples) showed higher 

IL-22 levels in active IBD. IL-22 plays an important role in protection, regeneration and 

antimicrobial defense of body surfaces including the mucosa [15]. One could hypothesize 

that reduced availability of TRP at the mucosal interface may result in a reduced generation 

of indole-derivatives through the microbiome, which in turn would alter AhR activation and IL-

22 secretion. This hypothesis is supported by a recent report of the effects of TRP 

metabolism through microbiota on IL-22 production in caspase recruitment domain family 

member 9 (CARD9) knockout mice [9]. CARD9 is a susceptibility gene for IBD and without a 

functional CARD9 TRP cannot be metabolized into AHR ligands. Consequently, CARD9 

deficient mice suffer from an aggravated colitis induced by DSS. In the feces of a small 

cohort of IBD patients, low levels of AhR ligands were found in comparison with healthy 

controls [9], which would support the transferability of these hypotheses from mice to man.  
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We found a significant negative correlation between TRP and CRP as a biomarker for 

chronically active inflammation. Clinical activity scores like HBI and CDAI for CD or Mayo 

score and CAI for UC showed a negative correlation to the TRP levels. In our study we 

defined “active disease” by presence of elevated CRP and / or symptomatic activity (clinical 

score). Our findings confirm the conclusions drawn from a study of a small cohort of IBD 

patients indicating a correlation between TRP level and disease activity [1]. We have also 

investigated the different components for this definition of “active disease” (supplemental 

figure 5). Low TRP levels were associated with clinical (symptomatic patients) and 

biochemical (high CRP) disease activity in both CD and UC (stronger effect in CD), and with 

increased counts of leucocytes, thrombocytes and low hemoglobin.  A relationship was seen 

with extent of disease and the Montreal-classification in CD.  

TRP levels correlated with the presence of IBD in both female and male patients. However, 

we also found lower TRP levels in female than in male serum both in controls and in patients 

with IBD. This effect was described before for the healthy population and for patients with 

fructose malabsorption [35]. Gender differences warrant further investigation and might result 

in an understanding why some inflammatory phenotypes who a higher preponderance in 

females.  

We analyzed TRP levels in our prospective follow up for association with important clinical 

situations. Successful therapy with biologics did ameliorate TRP levels during the 

observation window, which has not been detected before in a small series of 15 CD patients 

[36]. In non responding patients, only a transient increase 2 weeks after the induction with 

infliximab was seen, which in such patients is often the time point with a maximum clinical 

benefit. The effect could be related to IDO1 expression which is known to be regulated by 

TNF [25]. TRP levels were lower in patients that had intestinal resections within 100 or 200 

days, respectively. Low TRP levels before surgery may therefore indicate larger extent and 

activity of chronic epithelial and structural damage and could reflect chronic inflammation. 

Duration of disease was also negatively correlated with TRP levels in CD, but not UC. There 
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was trend between low levels of TRP in remission and relapse. Further prospectively 

designed studies are needed to evaluate the predictive performance of TRP land TRP 

metabolite levels as a prognostic biomarker. 

Animal studies suggest that the administration of TRP or TRP metabolites could be a 

therapeutic approach to IBD [5-8]. Application of niacin or nicotinamide, respectively, has a 

strong anti-inflammatory effect in animal models. The mechanisms for this clinical effect are 

unclear. TRP and its metabolites regulate the homeostasis of gut microbiota [5], but could 

also serve as supplier for energy carriers in the oxidative cellular mechanisms for epithelial 

cells or cells of the mucosal immune system. Nutritional supplementation of TRP metabolites 

like nicotinamide [5,7] or indole-3-aldehyde [8] could modify the microbiome. High dose 

application of such metabolites might even shunt TRP metabolism towards anti-inflammatory 

pathways. TRP metabolism at the epithelial interface to the luminal microbiota could 

therefore have an important regulatory influence on the inflammatory pathophysiology of IBD. 

Hence, TRP and its metabolites might not only serve as useful biomarkers, but could be a 

promising therapeutic target in IBD, in particular if such agents are administered by 

ileocolonic release formulations. Further prospective studies are needed to investigate the 

utility of manipulating TRP metabolism in the therapy of IBD e.g. by supplying topical release 

nicotinamide into the ileocolonic region in patients with active IBD. 
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Table legends: 

Table 1: Characterization of the cohort 

This table summarizes clinical, laboratory and therapy information of patients at the time of 

study inclusion. Categorical variables are shown as absolute and relative frequencies, while 

median and range are given for continuous variables. The control population comprised 291 

individuals, age 18-70 years (mean=42 years), 182 male and 109 female patients. 

(Regarding medication: 0=no intake, 1=former intake, 2=current intake, 3=change of drug 

within same category; Montreal classification: Montreal A: 1=age < 16 years at diagnosis, 2= 

17-40 years, 3=age > 40 years; Montreal L: 1=location ileal, 2=colonic, 3=ileocolonic, 

4=upper digestive tract; Montreal B: 1=non stricturing, non penetrating, 2=stricturing, 3= 

penetrating; Montreal E: 1=ulcerative proctitis, 2=left sided (distal) ulcerative colitis, 

3=pancolitis). 

 

Table 2: Association of clinical parameters with TRP levels 

Results of univariate linear mixed models for CD (n=324, number of visits=1805) and UC 

(n=211, number of visits=846) are shown including beta estimate, 95% confidence interval 

(CI), proportion of variance explained by fixed effect R2 and P-value. We used univariate 

analyses separately for each clinical parameter. 
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Figure legends: 

Figure 1: TRP levels in active and inactive disease in comparison with healthy 

controls    

TRP serum levels were highly associated with active disease (“active disease” defined as 

CRP and / or symptomatic activity).  For a separation between biochemical and symptomatic 

definition of disease activity see supplemental figure 5. 

CD: control vs. inactive CD: n=490, P=0.016; control vs. active CD: n=511, P<0.001; active 

vs. inactive CD n=114, P=0.01;  

UC: control vs. inactive UC: n=428, P=0.772; control vs. active UC: n=420, P<0.001; active 

vs. inactive UC: n=65, P=0.068). 

Data are presented as box plots. Statistical analysis: Bootstrap analysis using all active and 

inactive time points per patient, * P<0.05, ** P<0.01, ***P<0.001. 

 

Figure 2: Regulation of mRNA levels of TDO2, SLC6A19/B0AT1 and IDO1 in the 

colonic mucosa of patients with active UC or CD  

Relative mRNA expression of TDO2 (A), BOAT1 (B) and IDO1 (C) in IBD patients with active 

(a) and non-active (na) disease and control individuals (CD: n=60 Crohn‘s disease patients; 

UC: n=60 ulcerative colitis patients; DC: n=45 disease control patients with non-IBD intestinal 

inflammation; HN: n=30 hospitalized normals without pathological findings) are shown. 

Expression levels were determined via TaqMan real time PCR, normalized to beta actin 

using the standard curve method. Box plots represent 25th, 50th and 75th percentile, while 

whiskers show the 5th and 95th percentile. Stars indicate significant differences as determined 

by the Mann-Whitney U-test (- not significant; * p ≤ 5x10-2; ** p ≤ 5x10-4; *** p ≤ 5x10-6). 

 

Figure 3: High activity of the kynurenine pathway in active and inactive CD and UC 

In CD (n=81) and UC (n=67) TRP was extensively metabolized via KYN to QUI. The 

KYN/TRP ratio indicates an enhanced degradation of TRP (CD: active vs. control P=6,2e-7, 

inactive vs. control P=0.024, active vs. inactive P=6.1e-6; UC: active vs. control P=6e-6, 
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inactive vs. control P=0.026, active vs. inactive P=0.1). QUI serum levels were strongly 

increased (CD: active vs. control P=7.7e-28, inactive vs. control P=8.4e-25, active vs. 

inactive P=0.051; UC: active vs. control P=7.5e-17, inactive vs. control P=2.3e-14, active vs. 

inactive P=0.16). ANT was only increased in active CD (CD: active vs. control P=0.0019, 

inactive vs. control P=0.75, active vs. inactive P=0.5; UC: active vs. control P=0.24, inactive 

vs. control P=0.14, active vs. inactive P=0.049). KYA serum levels (CD: active vs. control 

P=9.4e-6, inactive vs. control P=0.00054, active vs. inactive P=0.81; UC: active vs. control 

P=0.66, inactive vs. control P=0.69, active vs. inactive P=0.11) and PIC serum levels were 

reduced only in CD  (CD: active vs. control P=2e-7, inactive vs. control P=1.8e-7, active vs. 

inactive P=0.39; UC: active vs. control P=0.1, inactive vs. control P=0.12, active vs. inactive 

P=1). XAN (CD: inactive vs. control P=0.0015) and QUD (UC: active vs. control 0.042) 

seems to be less regulated. 

IL-22 levels (CD: n=17; UC: n=11; a subpopulation of the metabolic pathway cohort) were 

significantly elevated in active IBD (CD: P=0.012, IL-22/TRP ratio: P=0.0003; UC: P=0.4, IL-

22/TRP ratio: P=0.0085).  

ANT, anthranilic acid; ATP, adenosine triphosphate; 3-HAA, 3-hydroxyanthranilic acid; 3-HK, 

3-hydroxykynurenine; IDO, indoleamine 2,3-dioxygenase; IFN, interferon; IL, Interleukin; 

KYA, kynurenic acid; KYN, kynurenine; NAD, nicotinamide adenine dinucleotide; PIC, 

picolinic acid; QUD, quinaldic acid; QUI, quinolinic acid; TDO, tryptophan 2,3- dioxygenase; 

TNF, tumor necrosis factor; TRP, tryptophan; XAN, xanthurenic acid 

Data are presented as box plots. Statistical analysis: Wilcoxon rank sum tests (active or 

inactive vs. controls) and signed rank tests (active vs. inactive) using the most extreme active 

and inactive time points per patient, as paired analysis. * P<0.05, ** P<0.01, ***P<0.001. 

 

Figure 4: Restitution of TRP levels in responders to infliximab  

(A) Analysis of responders to infliximab.  Data from CD and UC have been combined 

IBD (n=46): (2 weeks (2w): P=0.00024; 6w: P=0.0037; 14w: P=0.011; 6 months: P=0.00068).  
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[CD (n=31); 2 weeks: P=0.00012; 6 weeks: P=0.041; 14 weeks: P=0.009; 6 months: 

P=0.006). UC (n=15); 2 weeks: P=0.130; 6 weeks: P=0.042; 14 weeks: P=0.463; 6 months: 

P=0.057); data not shown]. 

(B) Combined analysis of IBD non-responders to therapy with infliximab (n=17; 2 weeks: 

P=0.018; 6 weeks: P=0.249; 14 weeks: P=0.297; 6 months: P=0.655). 

(C) No change in TRP levels was seen during therapy with vedolizumab as first line biologic 

therapy (n=25).  

Data are presented as box plots. Statistical analysis = paired t-tests comparing each time 

point with baseline; * P<0.05, ** P<0.01, ***P<0.001. 

 

Figure 5 Low TRP levels precede intestinal resection Receiver operator curves (ROC) for 

evaluation of TRP as a biomarker for prediction of surgery within (A) 100 and (B) 200 days 

(100 days: P=3.19x10-3, n=27; 200 days: P=5.6x10-3, n=28) are shown. In addition, a 

dichotomized version of TRP (0: values below the first quartile, 1: values above the third 

quartile) is analyzed for prediction (sensitivity and specificity are denoted with a cross). 

Evaluation of TRP levels for prediction resulted in an area under the curve (AUC) of 0.76 

(95% CI: 0.63; 0.89) and 0.73 (95% CI: 0.59; 0.87). Surgerys were ileocoecal or colonic 

resections, new ileostomies and proctocolectomies. 
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 CD UC 

Number of patients 324 211 

Age [years] 42 (18-81) 39.5 (17-77) 

BMI [kg/m^2] 24.55 (14.9-51.9) 24.7 (15.1-48.3) 

Weight [kg] 73 (36-150) 75 (41-165) 

CAI   3 (0-16) 

PMS   1 (0-9) 

CDA 86 (0-564)   

HBI 3 (0-30)   

Time since diagnosis [years] 10 (0-43) 7 (0-41) 

Males 135 (41.67%) 101 (47.87%) 

Smokers 156 (49.21%) 61 (30.65%) 

Montreal A 1: 48 (15.05%) 2: 221 (69.28%) 3: 50 (15.67%)  

Montreal L 1: 68 (21.18%) 2: 83 (25.86%) 3: 170 (52.96%)  

Montreal L4 111 (58.42%)  

Montreal B 1: 96 (30.77%) 2: 72 (23.08%) 3: 66 (21.15%)   

Montreal E  1: 13 (6.57%) 2: 52 (26.26%) 3: 133 (67.17%) 

Steroid therapy 0: 95 (29.97%) 1: 120 (37.85%) 2: 74 (23.34%) 3: 28 (8.83%) 0: 65 (32.5%) 1: 62 (31%) 2: 65 (32.5%) 3: 8 (4%) 

Aminosalicylate therapy 0: 143 (45.11%) 1: 98 (30.91%) 2: 71 (22.4%) 3: 5 (1.58%) 0: 16 (8%) 1: 35 (17.5%) 2: 125 (62.5%) 3: 24 (12%) 

Immunosuppressive therapy 0: 151 (47.63%) 1: 123 (38.8%) 2: 41 (12.93%) 3: 2 (0.63%) 0: 107 (53.5%) 1: 61 (30.5%) 2: 30 (15%) 3: 2 (1%) 

Any monoclonal antibody 

therapy 

0: 297 (93.69%) 1: 6 (1.89%) 2: 14 (4.42%) 0: 196 (98%) 1: 1 (0.5%) 2: 3 (1.5%) 

TNFalpha inhibitor therapy 0: 91 (28.71%) 1: 48 (15.14%) 2: 113 (35.65%) 3: 65 (20.5%) 0: 131 (65.5%) 1: 25 (12.5%) 2: 33 (16.5%) 3: 11 (5.5%) 
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  CD       UC       

  beta 95% CI r
2
 P-value beta 95% CI r

2
 P-value 

Gender -3.48 -5.76 - -1.20 0.015 0.0029 -7.11 -10.06 - -4.17 0.06 2.6e-06 

BMI 0.62 0.42 - 0.81 0.063 7.3e-10 0.40 0.06 - 0.74 0.014 0.021 

Current smoker 0.30 -2.06 - 2.67 0.00011 0.8 0.52 -4.20 - 5.24 0.00013 0.83 

Smoker at any time 1.25 -0.97 - 3.47 0.0021 0.27 1.32 -2.14 - 4.79 0.0018 0.45 

Age at diagnosis 0.06 -0.03 – 0.15 0.0028 0.2 - 0.015 -0.126 – 0.097 0.0002 0.8 

Time from diagnosis -0.13 -0.24 - -0.02 0.0087 0.021 0.05 -0.13 - 0.24 0.00099 0.56 

Harvey-Bradshaw Index -0.46 -0.65 - -0.28 0.019 1.1e-06         

Crohn's Disease Index -0.03 -0.04 - -0.02 0.034 9.7e-11         

Partial Mayo Score         -1.41 -1.87 - -0.95 0.058 3.9e-09 

Colitis Activity Index         -0.86 -1.19 - -0.53 0.045 4.5e-07 

Intestinal resection in anamnesis  -1.24 -3.64 - 1.15 0.0019 0.31         

Affection upper gastrointestinal tract -1.31 -4.23 - 1.61 0.002 0.38         

Affection ileum/colon/both -2.32 -5.44 - 0.80 0.0081 0.14         

Abscess or fistula -1.92 -4.20 - 0.37 0.0048 0.1         

Extent of UC         1.47 -1.78 - 4.72 0.0022 0.37 

CRP (mg/l) -0.20 -0.24 - -0.16 0.063 1.8e-21 -0.26 -0.33 - -0.18 0.056 5.6e-11 

Leukocytes  (x10
9
/l) -0.27 -0.51 - -0.02 0.003 0.037 0.03 -0.32 - 0.38 4.3e-05 0.86 

Hemoglobin (g/dl) 2.15 1.65 - 2.64 0.065 3.4e-17 2.82 2.11 - 3.52 0.099 1.6e-14 

Hematocrit (vol%) 0.69 0.51 - 0.86 0.046 6.6e-14 1.12 0.85 - 1.39 0.1 2.8e-15 

Thrombocytes (x10
9
/l) -0.03 -0.04 - -0.02 0.04 7.2e-11 -0.02 -0.03 - -0.01 0.033 7.8e-06 

GOT (U/l) 0.04 -0.01 - 0.09 0.0015 0.11 0.00 -0.07 - 0.08 3.5e-06 0.96 

GPT (U/l) 0.08 0.04 - 0.11 0.013 1.2e-05 0.00 -0.04 - 0.04 3.3e-05 0.86 

Creatinine (mg/dl) 0.04 -3.12 - 3.20 8.2e-07 0.98 15.76 9.20 - 22.31 0.043 2.9e-06 

Steroid therapy 0.25 -2.18 - 2.67 8.5e-05 0.84 -4.64 -8.09- -1.19 0.027 0.0085 

Aminosalicylates 1.60 -1.07 - 4.27 0.003 0.24 -6.14 -11.79 - -0.48 0.013 0.034 

Immunosuppressive therapy 1.36 -1.71 - 4.44 0.0017 0.38 1.48 -2.67 - 5.63 0.0018 0.48 
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Any Monoclonal antibody therapy -4.67 -7.99 - -1.35 0.011 0.0059 5.81 

-1.94 - 

13.57 0.0028 0.14 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

re
la
tiv
e	
m
RN

A
ex
pr
es
si
on

re
la
tiv
e	
m
RN

A
ex
pr
es
si
on

re
la
tiv
e	
m
RN

A
ex
pr
es
si
onTDO2 B0AT1 IDO1



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Infliximab (IBD, responder) Infliximab (IBD, non-responder) Vedolizumab (IBD)           
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Supplemental methods: 

Measurement of tryptophan levels in serum 

Serum levels of TRP were determined using an IVD-CE-certified high-performance liquid 

chromatography kit (ClinRep® Phenylalanine, Tyrosine and Tryptophan Complete Kit; 

RECIPE Chemicals + Instruments GmbH, Munich, Germany).  For sample preparation, 50 µl 

of patient serum (or calibrator/ control included in the RECIPE kit) was pipetted into a sample 

preparation cup (included in the RECIPE kit) containing 500 µl of protein precipitation 

reagent and internal standard. After vortex-mixing for 5 s, the sample was incubated for 15 

min at 4 °C. The sample was centrifuged for 5 min a t 10,000 g, the supernatant was 

transferred to a micro-vial, and 20 µl were injected by the autosampler. 

Chromatography was performed using a VWR-Hitachi system equipped with a gradient 

pump (Chromaster 5110) coupled with an autosampler (Chromaster 5210), a column oven 

(Chromaster 5310) and a diode array detector (Chromaster 5430) (Chromaster by DataApex, 

Prague, Czech Republic). The Chromaster System Manager software was used for system 

control, data acquisition and processing. 

The separation column was an Octadecyl-C18-Silica 4 µm RP-18e (125 x 4 mm I.D.) 

included in the RECIPE kit. The column was maintained at 30°C. Isocratic elution was 

performed with phosphate-buffered acetonitrile included in the RECIPE kit at a constant flow 

rate of 1 ml/min. TRP was detected at a fixed wavelength of 214 nm. A non-endogenous 

derivatised tyrosine included in the RECIPE kit was used as an internal standard. The 

standard curves were prepared using a one-point calibration with averaging. Retention times 

for the internal standard and TRP are 4.93 and 6.45 min, respectively. 

Quantification of KYN pathway metabolites 

The chromatographic system was composed of a Waters Acquity UPLC separations module 

connected to a Xevo TQ MS triple-quadrupole mass spectrometer, equipped with a Z-spray 

ESI ion source (Waters Corp., Milford, MA, USA). Separation was carried out using a Kinetex 

XB-C18, 2.6 µm, 2.1 x 150 mm column (Phenomenex, Torrance, CA, USA). 

Reagents for protein precipitation, derivatization, and chromatography were purchased from 

Sigma-Aldrich (St. Louis, MO, USA) and Biosolve (Valkenswaard, NL).  

TRP, KYN, 3-hydroxykynurenine, kynurenic acid, anthranilic acid, 3-hydroxyanthranilic acid, 

xanthurenic acid, picolinic acid, quinaldic acid, quinolinic acid, 5-hydroxytryptophan and 5-

hydroxyindoleacetic acid were purchased from Sigma-Aldrich. The internal standards KYNA-

D5, PIC-D4 and TRP-D5 were purchased from CDN Isotopes (Pointe-Claire, QC, Canada), 

KYN-D4 was purchased from Buchem BV (Minden, Netherlands). Standards and a low and 
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high quality control were established by adding defined amounts of each analyte to human 

serum samples (obtained from a blood bank). The human serum was necessary to take 

matrix effects into account, in order to cover concentrations below the analyte concentrations 

present in healthy humans the serum was diluted 1+1 with LC-MS/MS grade water and used 

as the lowest calibrator. The values of this calibrator were calculated by standard addition. 

As serum without these analytes is not available there is no blank sample. A total volume of 

300 µl serum samples, calibrators and controls was used for sample preparation. Analytes 

were extracted by adding 50 µl of 2.0 M urea and 50 µl of an internal standard solution 

containing KYN-D4, KYNA-D5, PIC-D4 and TRP-D5. Two precipitation steps by 

subsequently adding 200 µl methanol/ethanol (2/1 v:v) and 800 µl acetonitrile were carried 

out. The supernatant was separated into two portions, which were evaporated separately. 

One of these portions was directly reconstituted in mobile phase, while the other portion was 

derivatised with 200 µl HCl/Butanol at 90°C for 60 minutes. After evaporation this portion was 

reconstituted in mobile phase as well. 

For chromatography, 7.5 µl of the reconstituted samples, calibrators and controls were 

loaded onto the LC-MS/MS system. Quinolinic acid and picolinic acid were analysed in the 

derivatised sample, while all other analytes were analysed in the underivatised sample. For 

both derivatised and underivatised samples gradient methods with a total duration of 7.5 min 

each were used for chromatographic separation. Mobile phase A was composed of 0.1% 

formic acid and 0.01% HFBA in water, mobile phase B was methanol. Flow rate was set at 

0.25 ml/min, column temperature was set at 30.0°C. Retention times for the analytes were 

between 3.1 and 6.0 min.  

The Xevo TQ MS was operating in atmospheric pressure and electrospray ionization in 

positive mode (ESI+). Ion source settings were: capillary voltage, 1.00 kV; desolvation 

temperature 650°C; source temperature, 150°C; nitro gen was used as desolvation gas with 

an API gas flow rate of 1200 l/h; argon was used as collision gas at a flow rate of 0.15 

ml/min. The analytes and internal standards were detected using multi reaction monitoring 

(MRM) technique. System operation, data acquisition and data processing were controlled 

using MassLynx V4.1 software (Waters Corp.). 

The lower limit of quantification (LLOQ) and lower limit of detection (LLOD) of the herein 

described method were calculated according to DIN 32645 guidelines. The method was 

further validated based on the EMEA guidelines at the Institute of Laboratory Medicine, 

Medical Center of Ludwig Maximilian University (LMU), Munich, Germany. 

 

DNA microbiome analysis 
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Total genomic DNA was extracted from fecal material using DNeasy PowerSoil Kit (Qiagen, 

Germany) according to the manufacturer’s instructions. Aliquot of extracted DNA were used 

to amplify 16S rRNA gene variable region V3-V4 using established barcoded primer pair 

319F and 806R [18].  Following PCR conditions were applied for amplification; initial 

denaturation at 98°C for 3 minutes, followed by 30 cycles, consisting of denaturation at 98°C 

for 10 seconds, annealing at 55°C for 30 seconds an d elongation at 72°C for 30 seconds, 

and a final extension step at 72°C for 10 minutes. Resulted amplification performance was 

confirmed by visualizing the amplicon on agarose gel electrophoresis for quality (expected 

amplicon size) and quantity (band intensity). SequalPrepTM normalization kit (Invitrogen, 

Germany) was implemented for quantitative normalization of amplicons. Equal amount of 

amplicons from each sample was pooled to prepare a library and sequenced on Illumina 

Miseq platform. Obtained sequences were quality controlled using mothur [19]. Sequences 

(forward and reverse) (fastq) were assembled to form contig and discarded if had more than 

475 bases, any ambiguous base or more than 8 homopolymers. Sequences were aligned 

against mothur-curated silva alignment database and screened to have alignment in the 

amplified specified V3-V4 regions only. Chimeric sequences were detected with the 

VSEARCH algorithm [20] and were removed from analysis. Sequences were classified using 

mothur-formatted greengenes reference taxonomy (release August 2013) and eliminated if 

classified as unknown, archaea, eukaryote, chloroplast or mitochondria. Sequences were 

clustered in phylotypes according to their phylogenetic affiliation. Finally, quality controlled 

sequences were binned in phylotype.   

 

Statistical analysis: Redundancy analysis was performed with R software vegan package 

using serum tryptophan and age as explanatory variable influencing gut microbial 

communities. Principal coordinates analysis on Bray-Curtis distances was computed in PAST 

software version 3.15. Statistical significance of microbial community differences in low, 

medium and high tryptophan groups was determined by using Non-Parametric MANOVA as 

implemented in PAST.  Observed number of phylotypes, Shannon index, non-parametric 

estimate of Shannon diversity index, and Chao1 richness were calculated within MOTHUR  

as parameters of alpha diversity in groups with low and high tryptophan levels. Lefse 

analysis was performed to identify bacterial taxon with significant differences in relative 

abundances. This software performs a non parametric wilcoxan rank sum test and linear 

discriminant analysis (LDA) to assess the effect of taxon. 

 

Quantification of IL-22 

IL-22 levels were determined in serum using the Quantikine ELISA Human IL-22 

Immunoassay (R&D Systems, Inc., Minneapolis, USA) regarding to the protocol: A 
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microplate was pre-coated with a monoclonal antibody specific for human IL-22. 100 µl of 

Assay Diluent RD1-88 were pipetted into each well together with 100 µl of standard, control 

or sample per well, covered and incubated for 2 hours at room temperature. Four washing 

procedures with 400 µl of wash buffer were performed and 200 µl of IL-22 conjugate were 

loaded into each well, covered and incubated for 2 hours at room temperature. As described 

before we washed four times before the wells were incubated with 200 µl of substrate 

solution for 30 minutes at room temperature protected from light. 50 µl of stopping solution 

were added and the optical density was measured using the Tecan Infinite M200 PRO 

microplate reader at the wavelength of 450 nm. 

 

Supplemental table legends: 

Supplemental table 1: Dietary consumption of TRP in patients with IBD 

There was no significant difference in TRP consumption between active and inactive IBD 

patients (active CD n=20, UC n=11; inactive CD n=63, UC n=20) as analysed by the 

Potsdam dietary questionnaire, which is validated for use in German population (17). The 

first set of 50 questionnaires was collected in parallel to the TRP study, while additional 100 

patients were recalled up to 18 months later (resulting in 64 completed questionnaires). 

Statistical analysis was by Welch two sample t-test and wilcoxon rank sum test with 

continuity correction. 

 

Supplemental table 2 a-i: KYN pathway metabolites and their ratios in active and 

inactive disease states  

Data are compared between active disease versus controls, inactive disease versus controls 

and active disease versus inactive disease, respectively.  Tables show CD (a-c), UC (d-f) 

and IBD (g-i).  Disease activity is defined by elevated CRP (a,d,g), increased symptomatic 

score (b,e,h) or the original definition as “elevated CRP and/or increased symptom score” 

(c,f,i).   

[ANT, anthranilic acid; 3-HAA, 3-hydroxyanthranilic acid; 3-HK, 3-hydroxykynurenine; IDO, 

indoleamine 2,3-dioxygenase; IFN, interferon; IL, Interleukin; KYA, kynurenic acid; KYN, 

kynurenine; NAD, nicotinamide adenine dinucleotide; PIC, picolinic acid; QUD, quinaldic 
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acid; QUI, quinolinic acid; TDO, tryptophan 2,3- dioxygenase; TNF, tumor necrosis factor; 

TRP, tryptophan; XAN, xanthurenic acid]. 

Differences in means, the 95% confidence interval and the P-value. Wilcoxon rank sum tests 

(active or inactive vs. controls) and signed rank tests (active vs. inactive) using the most 

extreme active and inactive time points per patient. 

 

Supplemental table 3: Multiple linear mixed models 

Results of multiple linear mixed models for a) CD (n=261, number of  visits=1209) and b) UC 

(n=167, number of visits=553) are shown including beta estimate, 95% confidence interval 

(CI), and P-value. We used backward selection on models including all clinical parameters 

that were significant in disease specific univariate analyses. The proportion of variance 

explained by fixed effects was 0.17 and 0.19 for CD and UC, respectively. 

 

Supplemental table 4: Montreal classification: 

Association of Montreal classification with TRP levelsResults of univariate linear mixed 

models are shown including beta estimate, 95% confidence interval (CI), proportion of 

variance explained by fixed effect R2 and P-value.
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Supplemental figure legends: 

Supplemental figure 1: Tryptophan serum levels  

Comparison of TRP levels in patients with IBD versus healthy controls was conducted in two 

stages: In a first round, 246 IBD patients were analyzed against 100 controls.  This was 

followed by confirmation of findings in a second cohort of 289 patients versus 191 controls. 

After the separate analyses and confirmation of the initial findings in the second group, the 

cohorts were pooled. 

TRP levels were analyzed in control I (n=100), control II (n=191), cohort I (CD n=173; UC 

n=73) and cohort II (CD n=151, UC n=138) (IBD I vs. control I P=7.8x10-5; IBD II vs. control II 

P=8.7-8). 

Statistical analysis=Welch t-tests comparing TRP values at first time point in IBD versus 

controls; * P<0.05, ** P<0.01, ***P<0.001. 

 

Supplemental figure 2: Study Design  

Recruitment of patients (first contact) was conducted between 08/2013 and 04/2014 (n=535).  

Follow-up was extended until 07/2016 (2651 individual patient contacts). The study utilized 

two cohorts with separate control populations for the detection of an effect (cohort 1: 

comparison of TRP levels in patients vs. control 1, n=246 vs. n=100) and for verification 

(cohort 2: n=289 vs. control 2 n=191), respectively. Cohorts and controls were then pooled 

for further joint analysis. A subset of 148 samples was subjected to metabolite analysis. All 

other subcohorts (biopsies, surgery, dietary questionnaires, feces, biological therapy) are 

described in the methods section.   

 

Supplemental figure 3: TRP levels for CD, UC, IBD and controls separated by gender 

TRP levels for the phenotypes CD, UC and IBD were compared to controls sepratedly for 

each gender (female: CD vs. control P=0.011; IBD vs. control P=0.043; male: CD vs. control 

P=2.2e-7; IBD vs. control P=0.0011; CD vs. UC P=0.00057) 
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Statistical analysis=linear mixed model separate for females and males using all time points 

per patient; * P<0.05, ** P<0.01, ***P<0.001. 

 

Supplemental figure 4: TRP levels and different definitions of disease activity 

TRP serum levels were compared between active and inactive disease.  Panel  (A) used only 

elevated CRP for definition of disease activity (CD: active vs. control P<0.001, inactive vs. 

control P=<0.001, active vs. inactive P<0.001; UC: active vs. control P<0.001, inactive vs. 

control P=0.58, active vs. inactive P=0.002).  In Panel (B) disease activity is based on 

symptom scores (CD: active vs. control P<0.001, inactive vs. control P<0.001, active vs. 

inactive P=0.022; UC: active vs. control P<0.001, inactive vs. control P=0.154, active vs. 

inactive P=0.6) 

Statistical analysis= Bootstrap analysis using all active and inactive time points per patient;  

* P<0.05, ** P<0.01, ***P<0.001. 

 

Supplemental figure 5: Stool microbial α α α α-diversity indices as quantitative traits of TRP-

levels  

Taxonomical composition of stool microbiota was inferred by 16S rDNA amplicon sequencing 

in 18 subjects with IBD prior to biological therapy. Using this data set we assessed different αααα 

-diversity indices and correlated index values against serum TRP levels: phylotype number 

(A), Shannon (B), ChaoI Index (C), non-parametric Shannon (D). Note that all correlations 

depict a clear trend of correlation, however none of them reaches nominal significance 

(Spearman rank test).  

Supplemental figure 6: Gut microbial communities are distinct in IBD patients with low 

and high serum tryptophan 

 (A) Principal coordinate analysis using Bray-Curtis distances on 16S rRNA gene based 

bacterial profiles generated from 18 IBD subject feces having low (14.6 – 32.1; µg/ml), 

 intermediate (40.9 – 49.3; µg/ml) and high (52.2- 65.6; µg/ml) serum tryptophan 

concentrations. Microbiota were significantly distinct between low and high serum tryptophan 
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subjects (PERMANOVA, high vs. low p =0.0078). (B) Principal coordinate analysis using 

unweighted Jaccard distances on 16S rRNA gene based bacterial profiles and the same 

strata (PERMANOVA high vs. low p= 0.3059). (C) Bacterial groups enriched in low and high 

tryptophan subjects as determined by linear discriminant analysis effect size (LefSe). Note 

that these taxa may reflect direct and indirect effects, as TRP levels are associated with 

inflammatory activity.  

 

Supplemental figure 7: Diagnostic utility of TRP as an individual predictive marker for 

future relapse of disease activity 

Time until relapse in (a) CD, (b) UC and (c) IBD patients stratified by low and high levels of 

TRP. TRP levels were dichotomized based on the threshold of 56.3 which was the median 

value observed in the 291 healthy controls included in the study. 

Statistical analysis: estimates of Kaplan-Meier survival curves and logrank test.  
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CD (CRP) Active vs. Control 

  

Inactive vs. Control 

  

Active vs. Inactive   

  median diff. 95% CI P-value median diff. 95% CI P-value median diff. 95% CI P-value 

TRP [mg/dl] -15.20 -23.20 - -8.60 2.1e-05 -6.86 -13.30 - -0.00 0.049 9.14 1.60 - 18.15 0.021 

ANT [ng/ml] 3.20 1.70 - 5.10 2.7e-05 0.40 -0.60 - 1.70 0.48 -1.35 -4.30 - -0.10 0.036 

3-HK [ng/ml] -2.80 -4.30 - -1.10 0.0023 -2.30 -4.00 - -0.80 0.0051 0.46 -1.70 - 2.65 0.76 

KYA [ng/ml] -2.40 -3.60 - -1.10 0.00041 -1.90 -3.30 - -0.50 0.012 0.04 -1.00 - 1.00 0.92 

KYN [ng/ml] -3.58 -82.00 - 71.20 0.93 -20.60 -105.80 - 53.20 0.64 -43.21 -119.00 - 0.28 

PIC [ng/ml] -31.20 -45.50 - -16.10 3e-05 -31.20 -48.60 - -13.10 0.00041 1.32 -9.10 - 9.35 0.79 

QUD [ng/ml] -0.10 -0.40 - 0.30 0.67 -0.40 -0.90 - 0.00 0.057 -0.25 -0.80 - 0.20 0.5 

QUI [ng/ml] 58.10 52.20 - 66.90 1.2e-16 41.80 36.90 - 47.70 6.8e-13 -11.98 -26.30 - -0.65 0.042 

XAN [ng/ml] -1.00 -2.70 - 0.90 0.26 -1.00 -2.50 - 0.40 0.14 -0.40 -3.60 - 3.00 0.83 

KYN/TRP [ng/ml] 0.53 0.28 - 0.78 6e-05 0.17 -0.08 - 0.44 0.15 -0.41 -0.65 - -0.25 0.00014 

KYN/KYA [ng/ml] 0.58 0.26 - 0.92 0.00062 0.39 0.00 - 0.78 0.048 -0.25 -0.49 - -0.04 0.028 

KYA/QUD -0.58 -0.96 - -0.16 0.01 0.09 -0.44 - 0.75 0.75 0.26 -0.34 - 0.59 0.79 

KYN/ANT -1.06 -1.61 - -0.53 0.00011 -0.21 -0.83 - 0.39 0.42 0.47 -0.05 - 1.06 0.083 

KYN/3-HK 0.55 0.23 - 0.86 0.0016 0.42 0.08 - 0.79 0.018 -0.30 -0.70 - 0.06 0.12 

3-HK/XAN 0.13 -0.40 - 0.65 0.63 -0.18 -0.61 - 0.28 0.45 -0.27 -1.54 - 1.17 0.62 

3-HK/QUI -4.04 -4.42 - -3.73 1.2e-16 -3.62 -3.99 - -3.29 6.8e-13 0.52 0.13 - 0.90 0.013 

3-HK/PIC [ng/ml] 0.02 -0.40 - 0.44 0.94 0.11 -0.33 - 0.54 0.58 0.22 -0.29 - 0.76 0.43 

ANT/QUI [ng/ml] -2.40 -2.94 - -1.90 4.6e-12 -2.90 -3.53 - -2.25 1.6e-09 -0.13 -0.80 - 0.32 0.62 

ANT/PIC [ng/ml] 1.70 1.14 - 2.27 2.8e-07 0.90 0.30 - 1.52 0.0032 -0.44 -1.05 - 0.04 0.066 

PIC/TRP [ng/ml] 0.03 -0.31 - 0.35 0.84 -0.33 -0.72 - -0.01 0.045 -0.30 -0.81 - -0.02 0.031 

PIC/KYN [ng/ml] -0.49 -0.80 - -0.22 0.00054 -0.46 -0.86 - -0.11 0.011 0.14 -0.26 - 0.43 0.43 

QUI/TRP [ng/ml] 4.14 3.73 - 4.54 1.2e-16 3.49 3.07 - 3.83 6.8e-13 -0.69 -1.00 - -0.31 0.0005 

QUI/KYN [ng/ml] 3.60 3.28 - 3.90 1.2e-16 3.25 2.89 - 3.56 6.8e-13 -0.17 -0.45 - 0.10 0.14 

QUD/TRP 0.31 -0.04 - 0.66 0.087 -0.37 -0.78 - 0.07 0.13 -0.20 -0.63 - 0.02 0.42 

QUD/KYN 0.33 -0.13 - 0.69 0.14 -0.24 -0.61 - 0.27 0.32 0.23 -0.40 - 0.63   1 

XAN/TRP [ng/ml]-0.08 -0.60 - 0.42 0.69 -0.10 -0.56 - 0.37 0.61 0.00 -1.01 - 1.08   1 

XAN/KYN -0.36 -0.94 - 0.27 0.25 -0.21 -0.76 - 0.30 0.4 0.44 -0.49 - 1.50 0.62 
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ACCEPTE
D

ACCEPTED MANUSCRIPT

CD (Score) Active vs. Control 

  

Inactive vs. Control 

  

Active vs. Inactive 

    median diff. 95% CI P-value median diff. 95% CI P-value median diff. 95% CI P-value 

TRP [mg/dl] -17.36 -22.40 - - 1.2e-08 -6.40 -11.80 - -1.00 0.02 6.24 -3.25 - 0.21 

ANT [ng/ml] 0.40 -0.40 - 1.70 0.31 0.00 -0.80 - 0.80 0.92 0.70 -0.70 - 0.22 

3-HK [ng/ml] -0.70 -2.10 - 0.70 0.32 -0.60 -2.40 - 1.50 0.56 0.84 -2.15 - 0.55 

KYA [ng/ml] -2.30 -3.40 - -1.10 0.00013 -1.80 -3.00 - -0.60 0.0025 -0.00 -0.80 - 0.95 

KYN [ng/ml] -15.06 -95.30 - 0.73 44.41 -58.10 - 0.42 23.34 -89.45 - 0.61 

PIC [ng/ml] -27.90 -43.10 - - 7.1e-05 -34.00 -48.30 - - 7.9e-06 -5.68 -20.25 - 0.38 

QUD [ng/ml] -0.30 -0.70 - 0.10 0.12 -0.10 -0.50 - 0.20 0.48 0.05 -0.45 - 0.79 

QUI [ng/ml] 49.90 43.70 - 65.10 1.6e-18 48.60 38.50 - 59.50 4.8e-17 -2.71 -13.70 - 0.63 

XAN [ng/ml] -1.10 -2.30 - 0.10 0.074 -1.80 -3.00 - -0.70 0.0031 -0.40 -2.20 - 0.72 

KYN/TRP [ng/ml] 0.60 0.31 - 0.90 8.2e-05 0.29 0.04 - 0.57 0.026 -0.28 -0.58 - - 0.012 

KYN/KYA [ng/ml] 0.61 0.27 - 0.92 0.00039 0.65 0.35 - 0.92 0.00021 0.06 -0.24 - 0.7 

KYA/QUD [ng/ml] -0.26 -0.93 - 0.34 0.39 -0.41 -0.84 - 0.01 0.058 0.02 -0.38 - 0.86 

KYN/ANT [ng/ml] -0.10 -0.71 - 0.45 0.76 0.04 -0.48 - 0.55 0.89 -0.38 -0.77 - - 0.047 

KYN/3-HK [ng/ml] 0.01 -0.29 - 0.33 0.93 0.09 -0.25 - 0.47 0.7 -0.15 -0.49 - 0.25 

3-HK/XAN [ng/ml] 0.75 0.22 - 1.29 0.011 0.64 0.19 - 1.14 0.0042 0.40 -0.41 - 0.36 

3-HK/QUI [ng/ml] -3.59 -3.95 - -3.24 3.8e-18 -3.38 -3.82 - -3.01 2.7e-16 0.14 -0.26 - 0.48 

3-HK/PIC [ng/ml] 0.46 0.13 - 0.80 0.008 0.50 0.09 - 0.89 0.017 0.24 -0.17 - 0.19 

ANT/QUI [ng/ml] -3.35 -3.98 - -2.74 5.9e-12 -3.36 -3.82 - -2.83 1.7e-12 0.33 -0.22 - 0.22 

ANT/PIC [ng/ml] 0.82 0.29 - 1.41 0.0043 0.78 0.21 - 1.31 0.0057 0.44 -0.17 - 0.11 

PIC/TRP [ng/ml] 0.10 -0.19 - 0.38 0.55 -0.38 -0.64 - -0.11 0.008 -0.48 -0.89 - 0.059 

PIC/KYN [ng/ml] -0.48 -0.80 - -0.13 0.0068 -0.65 -0.99 - -0.35 9.8e-05 -0.22 -0.57 - 0.34 

QUI/TRP [ng/ml] 3.99 3.56 - 4.45 1.6e-18 3.52 3.16 - 3.88 4.8e-17 -0.41 -0.72 - 0.15 

QUI/KYN [ng/ml] 3.52 3.13 - 3.88 1.6e-18 3.28 2.87 - 3.65 4.8e-17 -0.11 -0.37 - 0.56 

QUD/TRP [ng/ml] 0.31 -0.20 - 0.72 0.23 -0.13 -0.48 - 0.19 0.37 -0.53 -1.07 - 0.28 

QUD/KYN [ng/ml] -0.02 -0.51 - 0.42 0.89 -0.09 -0.54 - 0.39 0.68 0.31 -0.67 - 0.59 

XAN/TRP [ng/ml] 0.03 -0.51 - 0.49 0.94 -0.60 -0.99 - -0.17 0.0077 -0.30 -1.46 - 0.48 

XAN/KYN [ng/ml] -0.68 -1.25 - -0.16 0.016 -0.97 -1.44 - -0.34 0.0017 -0.07 -1.00 -   1 
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ACCEPTED MANUSCRIPT

CD (Score) Active vs. Control 

  

Inactive vs. Control 

  

Active vs. Inactive 

    median diff. 95% CI P-value median diff. 95% CI P-value median diff. 95% CI P-value 

TRP [mg/dl] -17.36 -22.40 - - 1.2e-08 -6.40 -11.80 - -1.00 0.02 6.24 -3.25 - 0.21 

ANT [ng/ml] 0.40 -0.40 - 1.70 0.31 0.00 -0.80 - 0.80 0.92 0.70 -0.70 - 1.40 0.22 

3-HK [ng/ml] -0.70 -2.10 - 0.70 0.32 -0.60 -2.40 - 1.50 0.56 0.84 -2.15 - 2.85 0.55 

KYA [ng/ml] -2.30 -3.40 - -1.10 0.00013 -1.80 -3.00 - -0.60 0.0025 -0.00 -0.80 - 0.80 0.95 

KYN [ng/ml] -15.06 -95.30 - 0.73 44.41 -58.10 - 0.42 23.34 -89.45 - 0.61 

PIC [ng/ml] -27.90 -43.10 - - 7.1e-05 -34.00 -48.30 - - 7.9e-06 -5.68 -20.25 - 0.38 

QUD [ng/ml] -0.30 -0.70 - 0.10 0.12 -0.10 -0.50 - 0.20 0.48 0.05 -0.45 - 0.60 0.79 

QUI [ng/ml] 49.90 43.70 - 65.10 1.6e-18 48.60 38.50 - 59.50 4.8e-17 -2.71 -13.70 - 0.63 

XAN [ng/ml] -1.10 -2.30 - 0.10 0.074 -1.80 -3.00 - -0.70 0.0031 -0.40 -2.20 - 2.25 0.72 

KYN/TRP [ng/ml] 0.60 0.31 - 0.90 8.2e-05 0.29 0.04 - 0.57 0.026 -0.28 -0.58 - -0.06 0.012 

KYN/KYA [ng/ml] 0.61 0.27 - 0.92 0.00039 0.65 0.35 - 0.92 0.00021 0.06 -0.24 - 0.36 0.7 

KYA/QUD [ng/ml] -0.26 -0.93 - 0.34 0.39 -0.41 -0.84 - 0.01 0.058 0.02 -0.38 - 0.46 0.86 

KYN/ANT [ng/ml] -0.10 -0.71 - 0.45 0.76 0.04 -0.48 - 0.55 0.89 -0.38 -0.77 - -0.01 0.047 

KYN/3-HK [ng/ml] 0.01 -0.29 - 0.33 0.93 0.09 -0.25 - 0.47 0.7 -0.15 -0.49 - 0.20 0.25 

3-HK/XAN [ng/ml] 0.75 0.22 - 1.29 0.011 0.64 0.19 - 1.14 0.0042 0.40 -0.41 - 1.33 0.36 

3-HK/QUI [ng/ml] -3.59 -3.95 - -3.24 3.8e-18 -3.38 -3.82 - -3.01 2.7e-16 0.14 -0.26 - 0.50 0.48 

3-HK/PIC [ng/ml] 0.46 0.13 - 0.80 0.008 0.50 0.09 - 0.89 0.017 0.24 -0.17 - 0.77 0.19 

ANT/QUI [ng/ml] -3.35 -3.98 - -2.74 5.9e-12 -3.36 -3.82 - -2.83 1.7e-12 0.33 -0.22 - 0.78 0.22 

ANT/PIC [ng/ml] 0.82 0.29 - 1.41 0.0043 0.78 0.21 - 1.31 0.0057 0.44 -0.17 - 0.98 0.11 

PIC/TRP [ng/ml] 0.10 -0.19 - 0.38 0.55 -0.38 -0.64 - -0.11 0.008 -0.48 -0.89 - 0.00 0.059 

PIC/KYN [ng/ml] -0.48 -0.80 - -0.13 0.0068 -0.65 -0.99 - -0.35 9.8e-05 -0.22 -0.57 - 0.25 0.34 

QUI/TRP [ng/ml] 3.99 3.56 - 4.45 1.6e-18 3.52 3.16 - 3.88 4.8e-17 -0.41 -0.72 - 0.13 0.15 

QUI/KYN [ng/ml] 3.52 3.13 - 3.88 1.6e-18 3.28 2.87 - 3.65 4.8e-17 -0.11 -0.37 - 0.26 0.56 

QUD/TRP [ng/ml] 0.31 -0.20 - 0.72 0.23 -0.13 -0.48 - 0.19 0.37 -0.53 -1.07 - 0.17 0.28 

QUD/KYN [ng/ml] -0.02 -0.51 - 0.42 0.89 -0.09 -0.54 - 0.39 0.68 0.31 -0.67 - 0.39 0.59 

XAN/TRP [ng/ml] 0.03 -0.51 - 0.49 0.94 -0.60 -0.99 - -0.17 0.0077 -0.30 -1.46 - 0.45 0.48 

XAN/KYN [ng/ml] -0.68 -1.25 - -0.16 0.016 -0.97 -1.44 - -0.34 0.0017 -0.07 -1.00 - 0.80   1 
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UC (CRP) Active vs. Control 

  

Inactive vs. Control 

  

Active vs. Inactive 

    median diff. 95% CI P-value median diff. 95% CI P-value median diff. 95% CI P-value 

TRP [mg/dl] -3.60 -7.90 - 0.70 0.099 0.90 -2.70 - 4.50 0.62 4.95 -0.40 - 0.065 

ANT [ng/ml] 2.70 -0.40 - 5.80 0.081 -2.90 -3.70 - -1.60 0.00036 -6.00 -11.80 - - 0.00097 

3-HK [ng/ml] 0.41 -1.09 - 1.80 0.55 1.91 0.31 - 3.61 0.017 1.95 0.00 - 3.95 0.049 

KYA [ng/ml] 0.17 -1.13 - 1.37 0.86 0.47 -0.73 - 1.77 0.45 0.55 -0.40 - 0.23 

KYN [ng/ml] 130.05 60.73 - 0.00075 101.79 30.26 - 0.006 -14.36 -64.50 - 0.55 

PIC [ng/ml] -5.38 -19.77 - 7.90 0.42 -5.49 -20.81 - 8.11 0.41 2.85 -6.92 - 0.57 

QUD [ng/ml] 0.21 -0.09 - 0.61 0.15 0.21 -0.19 - 0.61 0.29 0.10 -0.30 - 0.34 

QUI [ng/ml] 36.80 23.47 - 43.32 2.2e-10 18.96 14.40 - 27.66 1.3e-08 -5.34 -17.02 - 0.31 

XAN [ng/ml] 0.02 -1.08 - 1.12 0.89 0.62 -0.48 - 1.52 0.21 0.65 -0.30 - 0.18 

KYN/TRP [ng/ml] 0.43 0.24 - 0.62 7.2e-06 0.20 0.03 - 0.37 0.023 -0.15 -0.33 - 0.052 

KYN/KYA [ng/ml] 0.35 0.10 - 0.57 0.0049 0.23 -0.02 - 0.43 0.07 -0.19 -0.35 - - 0.035 

KYA/QUD [ng/ml] -0.10 -0.49 - 0.25 0.5 -0.08 -0.41 - 0.30 0.65 0.02 -0.15 - 0.78 

KYN/ANT [ng/ml] -0.57 -1.16 - 0.05 0.069 0.47 -0.04 - 0.93 0.071 0.96 0.42 - 1.53 0.0016 

KYN/3-HK [ng/ml] 0.22 -0.11 - 0.57 0.18 -0.28 -0.63 - 0.04 0.096 -0.52 -0.93 - - 0.016 

3-HK/XAN [ng/ml] 0.36 -0.11 - 0.87 0.14 0.32 -0.11 - 0.76 0.14 -0.09 -0.69 - 0.65 

3-HK/QUI [ng/ml] -2.41 -2.79 - -2.05 1.8e-15 -1.96 -2.47 - -1.51 7.2e-13 0.51 0.02 - 1.02 0.04 

3-HK/PIC [ng/ml] -0.01 -0.49 - 0.43 0.95 0.47 0.05 - 0.84 0.032 0.30 -0.22 - 0.23 

ANT/QUI [ng/ml] -1.59 -2.10 - -1.02 1.5e-06 -2.48 -2.97 - -2.02 1.5e-12 -0.87 -1.44 - - 0.003 

ANT/PIC [ng/ml] 0.83 0.24 - 1.48 0.0067 -0.20 -0.70 - 0.37 0.47 -1.13 -1.79 - - 0.0025 

PIC/TRP [ng/ml] 0.23 -0.11 - 0.56 0.18 0.09 -0.26 - 0.44 0.59 0.02 -0.40 - 0.95 

PIC/KYN [ng/ml] -0.13 -0.43 - 0.18 0.37 -0.04 -0.36 - 0.28 0.81 0.14 -0.19 - 0.44 

QUI/TRP [ng/ml] 2.80 2.53 - 3.10 5.4e-18 2.56 2.25 - 2.82 2.8e-17 -0.15 -0.54 - 0.19 

QUI/KYN [ng/ml] 2.47 2.21 - 2.75 2.4e-18 2.43 2.14 - 2.73 4.5e-18 -0.04 -0.23 - 0.61 

QUD/TRP [ng/ml] 0.29 -0.06 - 0.62 0.1 0.18 -0.12 - 0.47 0.25 0.05 -0.29 - 0.75 

QUD/KYN [ng/ml] -0.04 -0.44 - 0.32 0.77 0.04 -0.29 - 0.37 0.79 0.17 -0.01 - 0.065 

XAN/TRP [ng/ml] -0.07 -0.39 - 0.28 0.69 0.18 -0.11 - 0.48 0.2 0.22 0.02 - 0.67 0.04 

XAN/KYN [ng/ml] -0.41 -0.81 - -0.08 0.017 -0.04 -0.37 - 0.31 0.87 0.40 0.07 - 0.93 0.02 
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UC (Score) Active vs. Control 

  

Inactive vs. Control 

  

Active vs. Inactive   

  median diff. 95% CI P-value median diff. 95% CI P-value median diff. 95% CI P-value 

TRP [mg/dl] -7.20 -13.50 - -1.50 0.019 -3.70 -8.30 - 0.70 0.092 2.87 -5.45 - 0.47 

ANT [ng/ml] 0.10 -1.20 - 1.40 0.86 1.50 0.20 - 3.80 0.03 3.15 -0.30 - 0.098 

3-HK [ng/ml] 0.31 -1.80 - 2.61 0.78 -0.11 -1.90 - 1.51 0.89 -1.01 -4.80 - 0.51 

KYA [ng/ml] -1.03 -2.43 - 0.47 0.15 -0.43 -1.73 - 0.90 0.54 0.82 -0.70 - 0.22 

KYN [ng/ml] 62.18 -16.56 - 0.11 66.02 -18.27 - 0.13 34.09 -54.69 - 0.38 

PIC [ng/ml] -12.38 -30.60 - 2.67 0.11 -9.84 -26.60 - 6.80 0.23 -3.96 -15.15 - 0.42 

QUD [ng/ml] 0.31 -0.10 - 0.71 0.12 0.11 -0.29 - 0.41 0.5 0.08 -0.60 - 0.73 

QUI [ng/ml] 29.30 22.91 - 42.80 7e-11 28.77 21.63 - 38.00 4.8e-09 -4.06 -17.47 - 0.51 

XAN [ng/ml] 0.22 -1.28 - 1.62 0.68 0.02 -1.48 - 1.32 0.98 -0.15 -2.35 - 0.95 

KYN/TRP [ng/ml] 0.39 0.11 - 0.62 0.0065 0.14 -0.10 - 0.39 0.26 -0.02 -0.35 - 0.93 

KYN/KYA [ng/ml] 0.41 0.08 - 0.76 0.018 0.23 -0.05 - 0.53 0.12 -0.12 -0.45 - 0.34 

KYA/QUD [ng/ml] -0.30 -0.75 - 0.12 0.15 -0.17 -0.63 - 0.34 0.57 0.21 -0.02 - 0.056 

KYN/ANT [ng/ml] -0.16 -0.66 - 0.30 0.55 -0.56 -1.12 - 0.01 0.055 -0.46 -1.13 - 0.28 

KYN/3-HK [ng/ml] -0.06 -0.53 - 0.41 0.78 0.08 -0.27 - 0.43 0.61 0.19 -0.38 - 0.61 

3-HK/XAN [ng/ml] 0.46 -0.19 - 1.09 0.18 0.10 -0.31 - 0.57 0.66 -0.14 -1.08 - 0.75 

3-HK/QUI [ng/ml] -2.56 -3.21 - -1.85 3.1e-12 -2.58 -3.02 - -2.13 4.6e-12 -0.08 -0.77 - 0.87 

3-HK/PIC [ng/ml] 0.08 -0.32 - 0.52 0.7 0.03 -0.43 - 0.48 0.89 0.11 -0.52 - 0.84 

ANT/QUI [ng/ml] -2.19 -2.75 - -1.63 2.9e-09 -1.91 -2.51 - -1.36 1.2e-07 0.51 -0.10 - 0.098 

ANT/PIC [ng/ml] 0.23 -0.37 - 0.87 0.45 0.80 0.22 - 1.45 0.0089 0.65 -0.20 - 0.098 

PIC/TRP [ng/ml] 0.20 -0.14 - 0.57 0.23 0.04 -0.26 - 0.42 0.78 -0.32 -0.65 - 0.059 

PIC/KYN [ng/ml] -0.05 -0.44 - 0.35 0.8 -0.01 -0.45 - 0.41 0.97 -0.23 -0.57 - 0.089 

QUI/TRP [ng/ml] 2.99 2.61 - 3.35 5.2e-15 2.75 2.40 - 3.08 8.9e-14 -0.17 -0.54 - 0.49 

QUI/KYN [ng/ml] 2.69 2.32 - 3.06 4.7e-15 2.65 2.31 - 3.02 8.9e-14 -0.16 -0.35 - 0.16 

QUD/TRP [ng/ml] 0.31 -0.04 - 0.66 0.091 0.13 -0.21 - 0.44 0.45 0.13 -0.22 - 0.4 

QUD/KYN [ng/ml] 0.23 -0.10 - 0.58 0.17 0.13 -0.23 - 0.46 0.5 0.04 -0.22 - 0.82 

XAN/TRP [ng/ml] -0.00 -0.45 - 0.38 0.98 0.04 -0.39 - 0.43 0.83 0.02 -0.57 -   1 

XAN/KYN [ng/ml] -0.31 -0.89 - 0.27 0.32 -0.17 -0.64 - 0.22 0.43 -0.08 -0.78 - 0.71 
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UC Active vs. Control Inactive vs. Control Active vs. Inactive 

  median diff. 95% CI P-value median diff. 95% CI P-value median diff. 95% CI P-value 

TRP [ng/ml] -898.48 -1654.02 - - 0.035 -183.78 -837.22 - 0.56 888.27 -71.47 - 0.073 

ANT [ng/ml] 0.80 -0.60 - 2.50 0.24 -1.10 -2.30 - 0.30 0.14 -2.55 -6.10 - 0.00 0.049 

3-HK [ng/ml] 0.51 -0.80 - 1.71 0.46 1.01 -0.20 - 2.31 0.11 1.10 -0.70 - 2.65 0.21 

KYA [ng/ml] -0.20 -1.23 - 0.80 0.66 0.20 -0.83 - 1.20 0.69 0.60 -0.15 - 1.40 0.11 

KYN [ng/ml] 103.19 45.92 - 156.80 0.00074 83.89 26.93 - 138.44 0.006 -1.93 -44.26 - 37.83 0.91 

PIC [ng/ml] -9.11 -21.50 - 1.55 0.1 -9.00 -21.34 - 2.58 0.12 0.10 -6.62 - 6.44   1 

QUD [ng/ml] 0.31 0.01 - 0.61 0.042 0.11 -0.10 - 0.41 0.24 0.15 -0.15 - 0.45 0.23 

QUI [ng/ml] 35.00 26.20 - 41.90 7.5e-17 24.40 18.34 - 31.70 2.3e-14 -5.58 -14.10 - 2.38 0.16 

XAN [ng/ml] 0.22 -0.68 - 1.12 0.52 0.52 -0.38 - 1.42 0.21 0.55 -0.40 - 1.95 0.29 

KYN/TRP [ng/ml] 0.39 0.23 - 0.56 6e-06 0.18 0.02 - 0.33 0.026 -0.12 -0.27 - 0.02 0.1 

KYN/KYA [ng/ml] 0.35 0.14 - 0.56 0.0013 0.20 -0.01 - 0.38 0.058 -0.16 -0.29 - -0.03 0.022 

KYA/QUD [ng/ml] -0.18 -0.49 - 0.12 0.22 -0.11 -0.42 - 0.22 0.51 0.09 -0.05 - 0.21 0.27 

KYN/ANT [ng/ml] -0.31 -0.78 - 0.13 0.18 0.12 -0.38 - 0.55 0.68 0.49 0.02 - 0.94 0.041 

KYN/3-HK [ng/ml] 0.10 -0.18 - 0.39 0.49 -0.12 -0.40 - 0.13 0.38 -0.25 -0.58 - 0.09 0.13 

3-HK/XAN [ng/ml] 0.33 -0.07 - 0.75 0.11 0.16 -0.15 - 0.49 0.35 -0.10 -0.49 - 0.30 0.63 

3-HK/QUI [ng/ml] -2.50 -2.85 - -2.13 2.6e-22 -2.29 -2.65 - -1.89 3.1e-20 0.32 -0.07 - 0.71 0.1 

3-HK/PIC [ng/ml] 0.07 -0.26 - 0.41 0.66 0.29 -0.04 - 0.63 0.087 0.20 -0.14 - 0.54 0.25 

ANT/QUI [ng/ml] -1.88 -2.39 - -1.47 2.1e-11 -2.33 -2.77 - -1.91 2.7e-15 -0.39 -0.85 - 0.09 0.11 

ANT/PIC [ng/ml] 0.55 0.08 - 1.05 0.021 0.22 -0.27 - 0.66 0.39 -0.44 -1.07 - 0.09 0.12 

PIC/TRP [ng/ml] 0.17 -0.10 - 0.45 0.21 0.03 -0.22 - 0.30 0.77 -0.10 -0.36 - 0.13 0.36 

PIC/KYN [ng/ml] -0.13 -0.39 - 0.14 0.32 -0.08 -0.35 - 0.20 0.62 -0.00 -0.23 - 0.24   1 

QUI/TRP [ng/ml] 2.88 2.63 - 3.13 2.1e-26 2.64 2.40 - 2.88 2.2e-25 -0.17 -0.43 - 0.05 0.13 

QUI/KYN [ng/ml] 2.60 2.33 - 2.83 9.9e-27 2.53 2.29 - 2.77 4.9e-26 -0.10 -0.23 - 0.03 0.13 

QUD/TRP [ng/ml] 0.26 -0.01 - 0.52 0.055 0.20 -0.05 - 0.44 0.12 0.10 -0.11 - 0.30 0.27 

QUD/KYN [ng/ml] 0.09 -0.19 - 0.37 0.49 0.11 -0.15 - 0.36 0.44 0.14 -0.01 - 0.27 0.06 

XAN/TRP [ng/ml] -0.02 -0.29 - 0.26 0.89 0.18 -0.07 - 0.44 0.14 0.17 -0.08 - 0.47 0.16 

XAN/KYN [ng/ml] -0.32 -0.65 - -0.00 0.049 -0.02 -0.31 - 0.25 0.9 0.23 -0.06 - 0.56 0.11 
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IBD (CRP) Active vs. Control 

  

Inactive vs. Control 

  

Active vs. Inactive   

  median diff. 95% CI P-value median diff. 95% CI P-value median diff. 95% CI P-value 

TRP [mg/dl] -7.90 -12.40 - -3.800.00025 -1.30 -5.00 - 2.50 0.49 6.70 2.30 - 0.004 

ANT [ng/ml] 3.00 1.30 - 5.00 0.00038 -1.40 -2.50 - -0.20 0.021 -4.40 -7.60 - - 0.00011 

3-HK [ng/ml] -1.09 -2.39 - 0.30 0.12 0.11 -1.29 - 1.50 0.81 1.30 -0.10 - 0.061 

KYA [ng/ml] -1.03 -2.03 - -0.03 0.044 -0.43 -1.50 - 0.67 0.43 0.30 -0.30 - 0.28 

KYN [ng/ml] 69.45 7.73 - 126.68 0.029 51.10 -6.42 - 0.077 -22.66 -68.75 - 0.25 

PIC [ng/ml] -17.16 -29.40 - -6.040.0022 -15.75 -28.09 - -3.40 0.011 2.16 -5.29 - 0.54 

QUD [ng/ml] 0.10 -0.20 - 0.40 0.49 0.00 -0.29 - 0.31 0.92 0.05 -0.30 - 0.68 

QUI [ng/ml] 45.00 40.66 - 52.70 3e-20 31.60 26.00 - 40.80 6.1e-16 -8.29 -16.69 - - 0.045 

XAN [ng/ml] -0.30 -1.30 - 0.70 0.57 0.02 -0.88 - 0.92 0.89 0.45 -0.50 - 0.33 

KYN/TRP [ng/ml] 0.46 0.30 - 0.64 6.5e-08 0.19 0.04 - 0.35 0.014 -0.26 -0.38 - - 7.7e-05 

KYN/KYA [ng/ml] 0.43 0.22 - 0.65 8.3e-05 0.26 0.05 - 0.47 0.016 -0.21 -0.33 - - 0.0027 

KYA/QUD [ng/ml] -0.32 -0.64 - -0.01 0.044 -0.04 -0.34 - 0.30 0.81 0.05 -0.13 - 0.67 

KYN/ANT [ng/ml] -0.82 -1.27 - -0.37 0.00065 0.24 -0.22 - 0.64 0.35 0.76 0.38 - 1.20 0.00025 

KYN/3-HK [ng/ml] 0.39 0.13 - 0.65 0.0043 0.01 -0.29 - 0.29 0.96 -0.42 -0.72 - - 0.0054 

3-HK/XAN [ng/ml] 0.25 -0.11 - 0.65 0.17 0.13 -0.21 - 0.47 0.48 -0.15 -0.67 - 0.46 

3-HK/QUI [ng/ml] -3.29 -3.65 - -2.93 4.4e-25 -2.81 -3.16 - -2.40 4.5e-20 0.52 0.20 - 0.86 0.0024 

3-HK/PIC [ng/ml] -0.00 -0.35 - 0.34   1 0.32 -0.02 - 0.64 0.06 0.25 -0.09 - 0.15 

ANT/QUI [ng/ml] -1.99 -2.44 - -1.54 1.1e-12 -2.64 -3.07 - -2.21 1.5e-16 -0.62 -1.07 - - 0.0043 

ANT/PIC [ng/ml] 1.25 0.78 - 1.74 2.3e-06 0.25 -0.25 - 0.70 0.34 -0.83 -1.41 - - 0.00043 

PIC/TRP [ng/ml] 0.13 -0.13 - 0.39 0.31 -0.09 -0.36 - 0.16 0.48 -0.12 -0.41 - 0.32 

PIC/KYN [ng/ml] -0.31 -0.55 - -0.09 0.0072 -0.22 -0.47 - 0.06 0.12 0.14 -0.11 - 0.27 

QUI/TRP [ng/ml] 3.33 3.07 - 3.66 6.4e-27 2.86 2.60 - 3.15 5e-24 -0.37 -0.65 - - 0.0012 

QUI/KYN [ng/ml] 2.98 2.71 - 3.27 3.2e-27 2.73 2.47 - 3.01 1e-24 -0.10 -0.24 - 0.18 

QUD/TRP [ng/ml] 0.30 0.03 - 0.57 0.033 0.04 -0.24 - 0.32 0.75 -0.01 -0.29 - 0.89 

QUD/KYN [ng/ml] 0.10 -0.21 - 0.41 0.49 -0.03 -0.32 - 0.28 0.86 0.17 -0.03 - 0.095 

XAN/TRP [ng/ml] -0.07 -0.36 - 0.23 0.6 0.10 -0.17 - 0.37 0.49 0.18 -0.08 - 0.17 

XAN/KYN [ng/ml] -0.39 -0.74 - -0.07 0.016 -0.10 -0.40 - 0.21 0.56 0.39 0.04 - 0.83 0.022 
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IBD (Score) Active vs. Control 

  

Inactive vs. Control 

  

Active vs. Inactive   

  median diff. 95% CI P-value median diff. 95% CI P-value median diff. 95% CI P-value 

TRP [mg/dl] -13.30 -17.50 - -8.70 1.1e-07 -5.20 -8.90 - -1.30 0.0091 4.38 -1.45 - 11.15 0.14 

ANT [ng/ml] 0.30 -0.50 - 1.30 0.43 0.50 -0.30 - 1.40 0.18 1.35 0.05 - 2.80 0.046 

3-HK [ng/ml] -0.30 -1.70 - 1.00 0.6 -0.36 -1.70 - 1.10 0.63 0.00 -2.40 - 1.70   1 

KYA [ng/ml] -1.80 -2.73 - -0.80 0.0005 -1.23 -2.23 - -0.30 0.013 0.29 -0.35 - 1.15 0.34 

KYN [ng/ml] 23.87 -42.50 - 0.5 55.90 -18.53 - 126.32 0.15 31.08 -42.55 - 96.87 0.36 

PIC [ng/ml] -21.40 -34.20 - -9.80 0.00024 -23.73 -37.52 - -11.60 0.00013 -5.02 -12.75 - 3.21 0.26 

QUD [ng/ml] 0.00 -0.29 - 0.31 0.79 0.00 -0.30 - 0.21 0.99 0.10 -0.40 - 0.50 0.65 

QUI [ng/ml] 43.80 35.90 - 48.20 5.7e-23 39.20 31.90 - 46.80 1.6e-20 -3.13 -11.16 - 5.20 0.45 

XAN [ng/ml] -0.40 -1.50 - 0.60 0.39 -1.10 -2.08 - -0.08 0.039 -0.20 -1.50 - 1.70 0.78 

KYN/TRP [ng/ml] 0.49 0.28 - 0.70 1.6e-05 0.22 0.02 - 0.43 0.027 -0.19 -0.37 - 0.01 0.073 

KYN/KYA [ng/ml] 0.53 0.26 - 0.79 0.00013 0.46 0.21 - 0.69 0.00046 -0.05 -0.24 - 0.16 0.69 

KYA/QUD [ng/ml] -0.29 -0.68 - 0.07 0.13 -0.30 -0.63 - 0.09 0.12 0.18 -0.02 - 0.39 0.074 

KYN/ANT [ng/ml] -0.13 -0.57 - 0.28 0.58 -0.21 -0.66 - 0.22 0.3 -0.45 -0.75 - -0.05 0.03 

KYN/3-HK [ng/ml] -0.02 -0.29 - 0.27 0.92 0.08 -0.18 - 0.35 0.57 0.00 -0.33 - 0.35 0.97 

3-HK/XAN [ng/ml] 0.62 0.14 - 1.05 0.012 0.40 0.06 - 0.75 0.023 0.10 -0.44 - 0.67 0.72 

3-HK/QUI [ng/ml] -3.28 -3.61 - -2.91 8.4e-24 -3.05 -3.38 - -2.73 1.5e-22 0.05 -0.34 - 0.39 0.84 

3-HK/PIC [ng/ml] 0.31 0.02 - 0.60 0.039 0.29 -0.03 - 0.62 0.082 0.17 -0.14 - 0.51 0.26 

ANT/QUI [ng/ml] -2.80 -3.32 - -2.24 9.5e-16 -2.74 -3.23 - -2.19 7.6e-15 0.41 0.03 - 0.72 0.044 

ANT/PIC [ng/ml] 0.58 0.09 - 1.08 0.017 0.79 0.34 - 1.25 0.00077 0.56 0.07 - 0.94 0.026 

PIC/TRP [ng/ml] 0.14 -0.10 - 0.38 0.26 -0.20 -0.43 - 0.03 0.092 -0.38 -0.66 - -0.10 0.006 

PIC/KYN [ng/ml] -0.30 -0.60 - -0.01 0.043 -0.43 -0.70 - -0.12 0.006 -0.22 -0.46 - 0.01 0.059 

QUI/TRP [ng/ml] 3.49 3.19 - 3.81 2.4e-26 3.16 2.89 - 3.44 1.6e-24 -0.27 -0.51 - 0.03 0.073 

QUI/KYN [ng/ml] 3.13 2.86 - 3.45 2.2e-26 2.98 2.68 - 3.29 1.6e-24 -0.14 -0.29 - 0.03 0.14 

QUD/TRP [ng/ml] 0.31 -0.01 - 0.58 0.056 -0.00 -0.24 - 0.26 0.96 -0.02 -0.33 - 0.25 0.86 

QUD/KYN [ng/ml] 0.13 -0.17 - 0.43 0.35 0.03 -0.28 - 0.33 0.84 0.10 -0.15 - 0.28 0.49 

XAN/TRP [ng/ml] 0.01 -0.36 - 0.34 0.98 -0.31 -0.64 - 0.04 0.082 -0.11 -0.57 - 0.39 0.62 

XAN/KYN [ng/ml] -0.49 -0.91 - -0.06 0.027 -0.55 -1.00 - -0.15 0.0074 -0.09 -0.58 - 0.44 0.76 
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IBD Active vs. Control Inactive vs. Control Active vs. Inactive 

  median 95% CI P-value median 95% CI P-value median 95% CI P-value 

TRP [ng/ml] -2001.16 -2797.54 - -1245.62 4.3e-07 -551.34 -1204.78 - 81.68 0.086 1184.36 469.66 - 1899.06 0.0015 

ANT [ng/ml] 1.20 0.20 - 2.40 0.013 -0.30 -1.20 - 0.50 0.45 -1.15 -3.00 - -0.05 0.041 

3-HK [ng/ml] -0.69 -1.80 - 0.40 0.22 -0.09 -1.20 - 1.10 0.94 0.95 -0.15 - 1.95 0.098 

KYA [ng/ml] -1.30 -2.10 - -0.40 0.003 -0.80 -1.60 - 0.10 0.077 0.30 -0.15 - 0.80 0.15 

KYN [ng/ml] 48.74 -3.63 - 99.60 0.065 52.90 0.70 - 101.80 0.047 -5.63 -40.61 - 29.48 0.74 

PIC [ng/ml] -19.46 -29.76 - -10.00 3.5e-05 -20.40 -30.30 - -10.20 5.3e-05 -1.07 -6.30 - 3.50 0.61 

QUD [ng/ml] 0.10 -0.19 - 0.31 0.51 0.00 -0.20 - 0.21 0.79 0.05 -0.15 - 0.30 0.39 

QUI [ng/ml] 44.20 38.70 - 48.19 4.8e-31 35.10 28.90 - 40.61 3.3e-27 -6.25 -12.05 - -0.75 0.026 

XAN [ng/ml] -0.30 -1.10 - 0.50 0.49 -0.45 -1.20 - 0.32 0.29 0.16 -0.60 - 1.15 0.65 

KYN/TRP [ng/ml] 0.46 0.31 - 0.62 1.1e-08 0.20 0.06 - 0.33 0.0067 -0.22 -0.33 - -0.12 3.3e-05 

KYN/KYA [ng/ml] 0.45 0.26 - 0.65 6.7e-06 0.33 0.15 - 0.52 0.0007 -0.14 -0.24 - -0.03 0.013 

KYA/QUD [ng/ml] -0.26 -0.54 - 0.02 0.062 -0.15 -0.41 - 0.13 0.31 0.07 -0.06 - 0.19 0.36 

KYN/ANT [ng/ml] -0.44 -0.85 - -0.05 0.029 0.03 -0.34 - 0.41 0.87 0.26 -0.03 - 0.57 0.08 

KYN/3-HK [ng/ml] 0.20 -0.03 - 0.42 0.092 0.04 -0.19 - 0.26 0.73 -0.25 -0.47 - -0.04 0.021 

3-HK/XAN [ng/ml] 0.34 0.01 - 0.67 0.047 0.23 -0.03 - 0.51 0.086 0.01 -0.33 - 0.34 0.97 

3-HK/QUI [ng/ml] -3.28 -3.56 - -3.00 2.6e-35 -2.91 -3.19 - -2.63 1.2e-31 0.34 0.11 - 0.58 0.0059 

3-HK/PIC [ng/ml] 0.17 -0.09 - 0.43 0.2 0.31 0.05 - 0.58 0.022 0.24 0.01 - 0.48 0.037 

ANT/QUI [ng/ml] -2.38 -2.82 - -1.93 6e-19 -2.72 -3.09 - -2.30 1.2e-21 -0.15 -0.48 - 0.13 0.31 

ANT/PIC [ng/ml] 0.90 0.49 - 1.33 2.9e-05 0.51 0.11 - 0.88 0.013 -0.23 -0.61 - 0.08 0.16 

PIC/TRP [ng/ml] 0.10 -0.10 - 0.31 0.33 -0.18 -0.38 - 0.02 0.081 -0.24 -0.42 - -0.06 0.0078 

PIC/KYN [ng/ml] -0.32 -0.54 - -0.12 0.0025 -0.34 -0.56 - -0.11 0.0039 -0.02 -0.18 - 0.14 0.78 

QUI/TRP [ng/ml] 3.38 3.16 - 3.65 2.9e-38 2.99 2.75 - 3.21 4.7e-36 -0.33 -0.50 - -0.16 0.00017 

QUI/KYN [ng/ml] 3.04 2.82 - 3.30 1.7e-38 2.82 2.61 - 3.06 1.5e-36 -0.12 -0.22 - -0.02 0.018 

QUD/TRP [ng/ml] 0.27 0.04 - 0.49 0.024 0.06 -0.15 - 0.28 0.59 0.02 -0.16 - 0.20 0.83 

QUD/KYN [ng/ml] 0.11 -0.14 - 0.37 0.35 0.04 -0.21 - 0.29 0.76 0.16 0.01 - 0.28 0.04 

XAN/TRP [ng/ml] -0.03 -0.28 - 0.22 0.81 -0.07 -0.32 - 0.17 0.56 0.04 -0.21 - 0.31 0.71 

XAN/KYN [ng/ml] -0.40 -0.70 - -0.11 0.0072 -0.25 -0.55 - 0.01 0.068 0.18 -0.11 - 0.45 0.22 
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High tryptophan (52.2- 65.6; μg/ml)

Low tryptophan (14.6 – 32.1; μg/ml)

Intermediate (40.9 – 49.3; μg/ml)

Supplementary	 figure	6
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 CD UC 

  beta 95% CI P-value beta 95% CI P-value 

BMI 0.36 0.16 - 0.56 0.00035       

CAI       -0.39 -0.76 - -0.01 0.042 

CDAI -0.01 -0.02 - -0.00 0.0029       

CRP (mg/l) -0.16 -0.21 - -0.12 5.8e-12 -0.22 -0.30 - -0.13 5.5e-07 

GPT (U/l) 0.05 0.01 - 0.09 0.014       

Hemoglobin (g/dl) 1.20 0.58 - 1.83 0.00017 1.72 0.86 - 2.59 0.0001 

Creatinine (mg/dl)       13.23 5.69 - 20.77 0.00063 

Time after diagnosis -0.17 -0.29 - -0.06 0.0024       
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variable comparison beta 95% CI P-value r2 

Montreal A 2 vs. 1 4.79 1.61 - 7.98 0.0032 0.016 

Montreal A 3 vs. 1 3.78 -0.31 - 7.86 0.07 0.016 

Montreal B 2 vs. 1 -2.67 -5.68 - 0.33 0.081 0.01 

Montreal B 3 vs. 1 -2.35 -5.46 - 0.76 0.14 0.01 

Montreal complicated vs. Uncomplicated   -5.03 -9.57 - -0.49 0.03 0.022 

Montreal E 2 vs. 1 1.32 -5.92 - 8.56 0.72 0.0026 

Montreal E 3 vs. 1 2.64 -4.22 - 9.50 0.45 0.0026 

Montreal L 4 vs. 1 -2.70 -5.83 - 0.43 0.091 0.0083 

Montreal L 2 vs. 1 -2.81 -6.13 - 0.51 0.097 0.017 

Montreal L 3 vs. 1 -4.70 -7.58 - -1.83 0.0014 0.017 
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Dietary questionnaires 

 Active (Score) Inactive (Score) 

CD (number of patients) 20 63 

UC (number of patients) 11 20 

 Active vs. inactive 

Welche Two sample t-test P=0.11 

Wilcoxon rank sum test P=0.49 
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