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Tryptophan Metabolism through the Kynurenine Pathway is 
Associated with Endoscopic Inflammation in Ulcerative Colitis

M. Anthony Sofia, MD,* Matthew A. Ciorba, MD,† Katherine Meckel,* Chai K. Lim, PhD,‡  
Gilles J. Guillemin, PhD,‡ Christopher R. Weber, MD, PhD,§ Marc Bissonnette, MD,* and Joel R. Pekow, MD*

Background and Aims:  Mucosal appearance on endoscopy is an important indicator of inflammatory burden and determines prognosis in 
ulcerative colitis (UC). Inflammation induces tryptophan metabolism along the kynurenine pathway (KP) and yields immunologically relevant 
metabolites. We sought to examine whether changes in serum tryptophan metabolites and tissue expression of KP enzymes are associated with 
UC endoscopic and histologic disease severity.

Methods:  Serum and mucosal samples were prospectively obtained at colonoscopy in patients with UC. Mayo disease activity scores, demo-
graphics, smoking status, medications, and outcomes were collected. Serum tryptophan metabolites were analyzed using ultra-high performance 
liquid chromatography (uHPLC), and gas chromatography-mass spectrometry (GC-MS), and enzyme expression was determined by quantitative 
real-time polymerase chain reaction. Metabolite and enzyme levels were compared by endoscopic subscore, clinical disease activity, time to sur-
gery, and hospitalization.

Results:  This study included 99 patients with Mayo endoscopic subscores 0–3. Kynurenic acid/tryptophan ratio (KYNA/T) and expression of 
indolamine 2,3-dioxygenase 1 (IDO1), tryptophan 2,3-dioxygenase, kynurinase, and kynurenine monooxygenase correlated positively with endo-
scopic subscore. Adjusting for age of diagnosis, smoking status, disease extent, and medications yielded significant odds of endoscopic inflamma-
tion with increasing KYNA/T (OR 1.0015, P = 0.0186) and IDO1 expression (OR 1.0635, P = 0.0215). The highest tertile ratio of KYNA/T had 
shorter time to surgery (P = 0.009) and hospitalization (P = 0.01) than the lowest.

Conclusions:  Increasing KYNA/T is closely associated with endoscopic inflammation and predictive of disease outcomes in patients with UC. 
These findings identify this novel metabolic association and further support the role of the KP in regulating mucosal inflammation in UC.

Key Words:  ulcerative colitis, tryptophan, mucosal healing.

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory disease 

of  the colon in which the immune system of a genetically sus-
ceptible host reacts to colonic environmental conditions and 
causes chronic mucosal inflammation.1 The colonic mucosal 
appearance on endoscopy is an important determinant of  dis-
ease prognosis and response to therapy.2, 3

Tryptophan (Trp) is an essential amino acid that is 
derived from dietary intake of  protein rich food.4 Trp is nec-
essary for protein synthesis and the formation of  the neuro-
transmitters serotonin and melatonin. However, more than 
90% of  dietary Trp is metabolized along the kynurenine 
pathway (KP).5 Indoleamine 2,3-dioxygenase 1 (IDO1) is the 
first and rate-limiting enzyme in Trp metabolism along the 
KP (Fig. 1). IDO1 is highly expressed in macrophages, den-
dritic cells, and intestinal epithelial cells, and its expression 
increases in the setting of  intestinal inflammation.5–7 IDO1 
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induces rapid Trp depletion that inhibits T cell growth and 
immune responsiveness.5

The serum ratio of kynurenine to Trp increases with 
disease severity in several inflammatory conditions, including 
Crohn’s disease (CD).8 This may be due to the close relation-
ship between the products of the KP and inflammatory regu-
lation.9 Kynurenine induces T cell death and regulates natural 
killer T cells.10, 11 Additional downstream metabolites also exert 
immunologic effects. Kynurenic acid (KYNA) regulates natural 
killer T cells, attenuates tumor necrosis factor α (TNFα) tran-
scription, and reduces IL-17 and IL-23.12–14 Quinolinic acid and 
3-hydroxyanthranilic acid (3HAA) can select for Th2 cells by 
inducing apoptosis of Th1 cells.15 However, tissue expression 
levels of enzymes in KP and downstream kynurenine metab-
olites have not been investigated in UC. This study aims to 
determine whether changes in serum Trp metabolites and tis-
sue expression of KP enzymes are associated with UC disease 
severity.

MATERIALS AND METHODS

Patient Recruitment and Sample Acquisition
Patients were enrolled at the time of  colonoscopy. 

Patients were included if  they were 18  years or older, had a 
diagnosis of  UC, and a disease extent of  at least 20 cm proximal 
to the anus. Demographic data were collected by questionnaire 
and included age, sex, age of  diagnosis, smoking status, and 
current medications. A serum sample was obtained before the 
procedure in BD Vacutainer plastic tubes with silicone-coated 
interiors and a silica clot activator (catalog no.  367815; BD 
Biosciences). The patients underwent a standard of  care col-
onoscopy as planned by an attending gastroenterologist at the 
University of  Chicago Medicine. Each examination included 
documentation of  Mayo disease activity score.16 All patients 
also had 4 biopsies obtained 20 cm from the anal verge and 
placed in RNA later. Histology from the sigmoid colon was 
scored as normal, mild, moderate, or severe based on patho-
logic interpretation.17 Normal was defined as having no 
features of  acute or chronic injury. Mild contained architec-
tural distortion and increased lamina propria lymphocytes. 

Moderate showed increased lamina propria granulocytes with 
or without intraepithelial granulocytes without crypt abcesses. 
Severe included the features of  mild and moderate with crypt 
abcesses or erosions. Patient outcomes were determined by 
abstracting from the medical records the date of  first hospital 
admission following enrollment and date of  total colectomy.

Trp Metabolites
All reagents used for ultra-high performance liquid chro-

matography (uHPLC) and gas chromatography-mass spectrom-
etry (GC-MS) were of analytical grade and purchased from 
Sigma Aldrich (MO, USA) unless otherwise specified. Serum 
samples were deproteinized with equal volume of 10% (w+v) 
trichloroacetic acid and filtered through a 0.22 μm PTFE syringe 
filter (Merck-Milipore, CA, USA). Trp, kynurenine, 3-hydrox-
ykynurenine, 3-hydroxyanthranilic acid, and anthranilic acid 
quantification was performed using uHPLC in accordance with 
methods previously described in Jones SP et al.18 KYNA was 
separately measured using methods described by Lim CK et al.19 
Picolinic acid and quinolinic acid are concurrently measured 
using GC-MS as detailed in Lim CK et al.19 Intra- and interas-
say coefficient of variation (CV) values were calculated by using 
standards incorporated in the chromatography steps with CV 
5–8%. Analyte levels were expressed in moles/L.

KP mRNA Expression
Tissue was homogenized with the use of a bullet blender 

(Next Advance) and extracted with an AllPrep DNA/RNA/ 
miRNA Universal Kit (Qiagen). The cDNA was synthesized 
from RNA extracted from 85 subjects with the use of a high-ca-
pacity cDNA reverse-transcription kit (Life Technologies). 
Real-time quantitative polymerase chain reaction (qPCR) 
was performed with Fast SYBR Green Master Mix (Thermo 
Fisher Scientific) using primers from IDT in a Roche 480 
LightCycler. Primer sequences were accessed from PrimerBank 
(Supplementary Table 1). For IDO1, the thermal profile was as 
follows: activation at 95°C for 5 minutes followed by 45 ampli-
fication cycles (denaturation at 95°C for 10 seconds, annealing 
from 57°C to 51°C with a 0.25°C decrease/cycle, touch down 
for 15 seconds, and extension at 72°C for 20 seconds); this was 

FIGURE 1.  Kynurenine pathway. IDO1 = Indoleamine 2,3-dioxygenase 1, IDO2 = Indoleamine 2,3-dioxygenase 2, TDO = Tryptophan 2,3-dioxy-
genase, KAT = Kynurenine aminotransferases, KYNU = Kynurinase, KMO = Kynurenine monooxygenase, KYNA = Kynurenic acid, AA = Anthranillic 
acid, 3HK = 3-hydroxykynurenine, 3HAA = 3-hydroxyanthranilic acid, 3HAAO = 3-Hydroxyanthranilate 3,4-dioxygenase, ACMS = 2-amino-3-car-
boxymuconic-6-semialdehyde, ACMSD = Aminocarboxymuconate-semialdehyde decarboxylase, PA = Picolinic acid, QA = Quinolinic acid, 
QPRT = Quinolinate phosphoribosyltransferase, NAD, nicotinamide adenine dinucleotide.

https://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izy103#supplementary-data
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followed by a melt curve (95°C for 5 seconds, 65°C for 1 min-
ute, and 97°C continuous acquisition) and then cooling (40°C 
for 30 seconds). For indoleamine 2,3-dioxygenase 2 (IDO2), 
tryptophan 2,3-dioxygenase (TDO), kynurenine aminotrans-
ferase (KAT) 1, KAT2, KAT3, KAT4, kynurinase (KYNU), 
3-hydroxyanthranilate 3,4-dioxygenase (3-HAAO), and kynure-
nine monooxygenase (KMO), the thermal profile was as follows: 
activation at 95°C for 5 minutes followed by 45 amplification 
cycles (denaturation at 95°C for 10 seconds, annealing at 60°C 
for 20 seconds, and extension at 72°C for 20 seconds); this was 
followed by a melt curve (95°C for 5 seconds, 65°C for 1 minute, 
and 97°C continuous acquisition) and then cooling (40°C for 30 
seconds). Results were normalized to beta actin, and compari-
sons were made between groups using the 2-ΔΔCT method.20

Statistical Methods
Data generated from the above methods were entered into 

an electronic database, REDCap. All authors had access to the 
study data and had reviewed and approved the final manuscript. 
Baseline characteristics for age, age of diagnosis, sex, smoking 
status, disease extent, and medication use were compared across 
each group of Mayo endoscopic subscore from 0−3 by use of the 
Kruskall-Wallis and Pearson’s chi square. Next, each individual 
metabolite level was compared as a unitless ratio to serum Trp 
levels. Spearman correlation coefficients were calculated for each 
metabolite to Trp ratio compared to Mayo endoscopic subscore, 
total Mayo score, and fold change in KP mRNA expression 
(fold change compared to normal control tissue). Univariate 
and multivariate logistic regression using R software version 
3.3.021 was then performed to calculate the association between 
metabolite to Trp ratio and KP mRNA expression with endo-
scopic inflammation and histologic inflammation. Endoscopic 
inflammation was defined as Mayo endoscopic subscore of 2 or 
3.  Histologic inflammation was defined as most inflamed his-
tology identified in biopsies taken at 20 cm from the anal verge.

Ethical Considerations
Patients were prospectively enrolled with informed con-

sent obtained before endoscopy as approved by the University 
of Chicago Institutional Review Board under the study proto-
cols 11–0202 and 15573A.

RESULTS

Patient Characteristics
There were 100 patients who were selected for analysis in 

groups of 25 patients per Mayo endoscopic subscore of 0–3 with 
complete data, mRNA, and serum samples. One patient was 
subsequently excluded due to a change in diagnosis from UC 
to CD, leaving 99 patients in the analysis (Table 1). When the 
groups were compared by Mayo endoscopic score, the average 
age was younger in individuals with more severe colitis. However, 
the groups did not differ by extent of disease, age of diagnosis, 

smoking status, or sex. Medical treatment also varied between 
groups according to Mayo endoscopic score, with more inflamed 
patients receiving more corticosteroids and less mesalamine.

Serum KYNA is Associated with Endoscopic and 
Histologic Disease Activity

The means and standard deviations of the ratios of 
serum concentration for each Trp metabolite to serum Trp are 
provided in Table 2. The ratio of KYNA/T correlated positively 
with the Mayo endoscopic subscore (R = 0.58, P < 0.001) and 
the total Mayo score (R = 0.47, P < 0.001). The 3HK/T was 
correlated with total Mayo score (R  =  0.31, P  =  0.005), but 
not the endoscopic subscore (R  =  0.19, P  =  0.11). No other 
metabolite ratios showed significant correlations with the Mayo 
endoscopic subscore or total Mayo score.

Univariate logistic regression revealed significant odds 
of  moderate to severe endoscopic inflammation (Mayo endo-
scopic score of  2 or 3) associated with higher KYNA/T and 
3HAA/T (Table  3). Multivariate analysis adjusting for age 
at diagnosis, smoking status, extent of  disease, and medica-
tion use resulted in significant odds of  moderate to severe 
endoscopic inflammation with higher KYNA/T [OR 1.0015 
(95% CI 1.0003–1.0029), P  =  0.0186). In addition, univari-
ate analysis showed significant increased odds of  histologic 
inflammation with increasing ratios of  KYNA/T , 3HAA/T, 
and picolinic acid/T , but there were no associations in the 
multivariate model (Table  3). The greatest area under the 
curve (AUC) of  the receiver operator characteristic (ROC) 
curve for Mayo endoscopic subscore 2 or 3 was observed with 
KYNA/T at 0.698 (Fig. 2). No other AUC was greater than 
0.6 (Supplementary Fig. 1).

Mucosal IDO1 is Associated with Mucosal 
Inflammation and Histologic Disease Activity.

The correlation of each Trp metabolite ratio to the expres-
sion of each KP enzyme is shown in Table 4. There were positive 
correlations between total Mayo score and IDO1 (R = 0.316, 
P = 0.004), TDO (R = 0.555, P < 0.001), KYNU (R = 0.664, 
P < 0.001), and KMO (R = 0.372, P = 0.001), whereas there 
were negative correlations for KAT2 (R = -0.285, P = 0.009), 
KAT4 (R  =  -0.610, P  <  0.001), and 3-HAAO (R  =  -0.394, 
P < 0.001). Similarly, there were positive correlations between 
Mayo endoscopic subscore and IDO1 (R = 0.233, P = 0.034), 
TDO (R = 0.501, P < 0.001), KYNU (R = 0.547, P < 0.001), and 
KMO (R = 0.276, P = 0.012), whereas there were negative cor-
relations for KAT2 (R = -0.244, P = 0.025), KAT4 (R = -0.610, 
P < 0.001) and 3-HAAO (R = -0.377, P < 0.001). As expres-
sion levels of IDO1, TDO, KYNU, and KMO increased, the 
odds of endoscopic inflammation significantly increased in the 
univariate analysis. In contrast, increasing expression levels 
of KAT4 and 3-HAAO in the univariate analysis were associ-
ated with decreased odds of endoscopic inflammation. In the 

https://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izy103#supplementary-data
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multivariate analysis, however, IDO1 expression was the only 
mRNA expression association that remained significant (OR 
1.0635, P = 0.0215) (Table 3). Similar results were seen in a uni-
variate and multivariate analysis of KP mRNA expression with 
histologic appearance (Table 3). The ROC curves  for mucosal 
KP mRNA expression are depicted in Figure  2. The greatest 
AUC values were seen with IDO1 (0.827), TDO (0.827), KAT4 
(0.859), and KYNU (0.895).

Higher Ratios of KYNA/T Predict Hospitalization 
and Colectomy.

When patients with the highest tertile of  values were 
compared to patients with the lowest tertile of  values, higher 
ratios of  KYNA/T were significant predictors of  earlier 

time to colectomy and hospitalization (Fig.  3). A  higher 
ratio of  3HAA/tryptophan was also predictive of  a shorter 
time to colectomy. No other metabolites were predictive 
of  either time to colectomy or time to hospital admission 
(Supplementary Fig. 2).

KP mRNA Expression Changes Predict 
Hospitalization and Colectomy.

The highest tertiles of mRNA expression of TDO, 
KAT2, and KAT4 were predictive of an earlier time to colec-
tomy and hospital admission (Fig.  3). The highest tertiles of 
mRNA expression of TDO, KAT2, KAT3, and KYNU were 
also predictive of an earlier time to hospital admission and the 
highest tertile of 3-HAAO expression was predictive of earlier 

TABLE 1:  Population Characteristics of Patients with UC Overall and According to Mayo Endoscopic Subscore. 

Overall
n=99

0
n=25

1
n=25

2
n=24

3
n=25 P

Age (mean, range) 43.1 (18–75) 48.0 (24–72) 48.4 (23–74) 38.4 (18–75) 37.4 (18–61) 0.003
Male (%) 55.6% 60% 68% 50% 44% NS
Age at diagnosis (mean, range) 29.1 (5–65) 29.82 (12–62) 30.1 (5–65) 28.1 (8–65) 28.3 (13–59) NS
Currently smoking (%) 10.10% 20% 16% 0% 4% NS
Extent of disease
  Proctosigmoiditis 2.0% 4.0% 0.0% 4.2% 0.0%
  Left sided 33.3% 28.0% 40.0% 29.2% 36.0%
  Pancolitis 64.7% 68.0% 60.0% 66.7% 64.0% NS
Medications
  5-ASA 65.7% 68.0% 79.2% 79.2% 36.0% 0.003
  Anti-TNFα agents 23.2% 20.0% 20.0% 20.8% 32.0 NS
  Corticosteroids 24.2% 8.0% 8.0% 25.0% 58.3% <0.001
  Immunomodulators 28.3% 40.0% 20.0% 29.2% 25.0% NS

Means were compared by Kruskall-Wallis test and proportions were compared by Pearson’s chi-square Test. 5-ASA = 5-Aminosalicylic Acid Based Medications, TNFα = tumor 
necrosis factor alpha, NS = Not Significant

TABLE 2:  Ratio of Kynurenine Pathway Metabolite to Tryptophan by Mayo Endoscopic Subscore.

Metabolite Mayo Endoscopic Subscore P

0
n=25

1
n=25

2
n=24

3
n=25

Kynurenine (mean, SD) 19.9 (6.3) 18.4 (4.0) 21.1 (6.0) 22.1 (10.3) NS

Kynurenic acid (mean, SD) a 9.5 (4.2) 9.9 (3.8) 9.9 (1.9) 16.1 (3.6) <0.001
3-HK (mean, SD) * 13.2 (13.5) 10.5 (4.3) 10.9 (6.4) 18.3 (17.2) NS
3-HAA (mean, SD) a 4.7 (2.4) 5.4 (2.9) 6.7 (3.7) 7.2 (6.2) NS
Anthanillic acid (mean, SD) a 3.6 (2.2) 3.5 (2.7) 3.2 (1.5) 3.7 (2.2) NS
Picolinic acid (mean, SD) * 10.3 (5.0) 17.9 (5.3) 11.0 (4.8) 23.5 (14.6) <0.001
Quinolinic acid (mean, SD) a 21.5 (13.1) 26.5 (8.7) 21.3 (15.9) 34.1 (32.9) NS

The values represent the unitless ratio of serum concentration of the kynurenine metabolite divided by the serum concentration of tryptophan and do not have units. a Indicates 
values that are ×102; SD = standard deviation, 3-HK = 3-Hydroxykynurenine, 3-HAA = 3-Hydroxyanthranillic acid, NS = Not Significant

https://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izy103#supplementary-data
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FIGURE 2.  Receiver operator characteristic curves for Mayo endoscopic score of either 2 or 3. A) KYNA/T ratio, B) KP mRNA expression lev-
els. IDO1 = Indoleamine 2,3-dioxygenase 1, IDO2 = Indoleamine 2,3-dioxygenase 2, TDO = Tryptophan 2,3-dioxygenase, KAT1 = Kynurenine 
aminotransferase 1, KAT2 = Kynurenine aminotransferase 2, KAT3 = Kynurenine aminotransferase 3, KAT4 = Kynurenine aminotransferase 4, 
3HAAO = 3-Hydroxyanthranilate 3,4-dioxygenase, KMO = Kynurenine monooxygenase.
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time to surgery (Supplementary Fig.  3). No other mRNA 
expression levels were predictive of either time to colectomy or 
time to hospital admission.

DISCUSSION
Trp is an essential amino acid and precursor molecule for 

the neurotransmitters serotonin and melatonin. However, fol-
lowing its use for protein synthesis, the majority of metabolized 
Trp is consumed by the KP.5 Prior studies showed that IDO 
expression is increased in the setting of intestinal inflammation, 
and the current study confirmed this association in a larger 
cohort with objective endoscopic data. We also demonstrated 
for the first time that IDO1 expression is closely associated with 
endoscopic and histologic measures of inflammation severity in 
UC.22, 23 A recent study by Nikolaus and colleagues identified an 
association between lower serum Trp levels and clinical disease 
activity in a large cohort CD and UC.24 In that study serum Trp 
levels were predictive of intestinal resection, but not predictive 
of flares in disease activity. IDO1 expression was significantly 
elevated in those patients with clinically active disease, which is 
in agreement with our observation that IDO1 expression signif-
icantly correlates with endoscopic disease activity. A strength 
of the present study is the multivariate analysis that shows the 
ratio of the downstream metabolite KYNA to Trp is closely 
positively associated with the severity of endoscopic inflamma-
tion and relevant disease outcomes. Although the functional 
significance of these changes in inflammatory bowel disease 
(IBD) is not known, prior studies of IDO and KYNA suggest 

that these components of the KP exert significant inflammatory 
and neurologic effects.

The significance of KYNA may derive from its role in 
promoting inflammatory homeostasis. Previous studies demon-
strated that KYNA works as a negative regulator of inflamma-
tion in animal models. It can decrease leukocyte recruitment 
and production of proinflammatory cytokines in splenocytes 
in vitro.25–28 Notably, there is evidence that it can also negatively 
regulate TNFα, IL-17, and IL-23.13, 14 A recent publication sug-
gested that KYNA inhibited IL-10 in vitro, IDO1 deficiency 
was associated with increased IL-10 production, and IL-10 -/- 
IDO1 -/- mice demonstrated more severe colitis than IDO1 -/- 
or IL10 -/- mice.29 Thus, it is possible that IDO1, KYNA , and 
IL-10 work in concert in a feedback mechanism to restrain the 
immune response in the setting of active UC.

Alterations in Trp and KYNA in the nervous system also 
may contribute to the pathophysiology of UC and associated 
neuropsychiatric manifestations of the disease. Trp depletion 
induces depressive symptoms, and patients with IBD suffer 
from higher incidence of anxiety and depression.30–33 The prev-
alence of anxiety and depression also increases with increasing 
inflammatory activity.32, 34 Prior studies showed that colonic 
mucosal TNFα production can be increased in the setting of 
acute psychological stress.35 Although the TNFα inhibiting 
medication, infliximab, was ineffective in treating depression in 
a randomized control trial involving a population of patients 
without IBD, there was a beneficial effect in a subset of patients 
with depression and elevated C-reactive protein.36 In addition 
to mood disorders, the enteric nervous system is thought to 

TABLE 4:  Correlation of Kynurenine Pathway Enzyme mRNA Expression Levels and Serum Tryptophan Metabolite 
Ratios. 

Kynurenine Kynurenic acid 3-HK 3-HAA Anthranilic acid Picolinic acid Quinolinic acid

IDO1 0.0688 -0.0469 0.3328
(P = 0.002)

0.0475 0.0942 0.0924 0.0711

IDO2 0.2995
(P = 0.006)

-0.0528 0.0904 0.0400 0.1111 -0.0823 0.2007

TDO 0.1452 0.3392
(P = 0.002)

0.0951 0.0805 -0.0018 0.1304 0.0507

KAT1 0.0521 0.1760 -0.1047 0.0733 -0.0690 -0.0461 0.0753
KAT2 0.0565 0.0245 -0.0819 0.0623 0.0320 -0.0449 0.0498
KAT3 0.0569 0.0613 -0.0872 0.0590 -0.0080 -0.0227 0.0937
KAT4 -0.0155 -0.1916 -0.1125 -0.0469 0.0021 -0.0001 0.1599
KYNU 0.1376 0.1037 0.0391 0.1495 0.0022 -0.0509 -0.0045
3-HAAO -0.1069 -0.1212 -0.1050 -0.0415 0.1021 -0.1064 0.0120
KMO 0.2191

(P = 0.046)
0.0902 -0.0451 0.0679 0.0676 -0.1030 0.2102

The metabolite values represent the serum concentration of the kynurenine metabolite divided by the serum concentration of tryptophan. The pathway mRNA expression levels are 
expressed as a fold change from control. IDO = Indoleamine 2,3-dioxygenase, TDO = Tryptophan 2,3-dioxygenase, KAT = Kynurenine aminotransferase, KYNU = Kynurinase, 
3-HAAO = 3-Hydroxyanthranilate 3,4-dioxygenase, KMO = Kynurenine monooxygenase, 3-HK = 3-Hydroxykynurenine, 3-HAA = 3-Hydroxyanthranillic acid

https://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izy103#supplementary-data
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contribute to symptom manifestations consistent with irrita-
ble bowel syndrome.37, 38 KYNA is a potent glutamate receptor 
antagonist with neuroprotective, anti-epileptic, and psychiatric 
effects in the central nervous system.5, 39 In addition, KYNA 
can reduce colonic motility in mouse models of colitis.25 As 
such, further investigation of this pathway is warranted to 
assess functional symptoms in addition to inflammatory activ-
ity in patients with IBD.

The lack of significant correlation between the KYNA/
Tryp ratios and expression of its preceding enzymes suggests a 
potential alternative source of KYNA production. It is possi-
ble that the serum KYNA that was measured was derived from 

a source other than the gastrointestinal epithelium, including 
nongastrointestinal endogenous metabolism, dietary intake, 
and microbial production. In the human body, KYNA is pro-
duced by kynurenine aminotransferase isomers 1–4, which 
are present in the colonic epithelium, liver, kidney, muscle, 
and omental fat.40–42 If  the systemic inflammatory state in UC 
could induce production from these other tissues, it may lead to 
KYNA production out of proportion to intestinal activation 
of the pathway. Alternatively, there are environmental sources 
of KYNA in common foods such as potatoes, honey, and broc-
coli, which are rich sources of KYNA in the diet.43–45 Whereas 
our study did not include a detailed dietary history, it is unlikely 

FIGURE 3.  Kaplan-Meier analysis for time to colectomy and time to hospital admission. A) Comparing highest and lowest tertiles of select KYNA/T, 
B) Comparing highest and lowest tertiles KP mRNA expression. IDO1 = Indoleamine 2,3-dioxygenase 1, TDO = Tryptophan 2,3-dioxygenase, 
KAT2 = Kynurenine aminotransferase 2, KAT4 = Kynurenine aminotransferase 4
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that there was greater intake of these foods with increasing UC 
inflammation. Rather, one would expect the dietary intake to 
decline with increased disease severity. Lastly, bacteria are cap-
able of converting kynurenine to KYNA. E.  coli express the 
protein aspartate aminotransferase, which converts kynurenine 
into KYNA.46, 47 Furthermore, pathogenic E. coli are implicated 
in UC pathophysiology.48 Additional studies show that colonic 
bacterial populations may be modulated by KYNA.49, 50 This 
suggests the possibility that serum KYNA levels may reflect gut 
microbial composition and function, potentially highlighting 
an important role in microbial regulation of host immune func-
tion and symptomatology.

This study was limited by its observational design and by 
a lack of dietary data. These observations in human subjects 
are vulnerable to numerous covariables and the sample size was 
likely too small to account for all confounding conditions. We 
attempted to minimize this effect by performing a multivari-
ate, logistic regression analysis that included likely confounding 
variables including extent of disease burden, age of diagno-
sis, smoking status, and inflammatory modulating medication 
use. A detailed medication review did not reveal any patients 
also taking serotonin-based psychotropic medications, and no 
patient reported a Trp supplement, so these were not included 
in the model. Additionally, observational design limits our con-
clusions about causes and effects, and these results may reflect 
a correlation with inflammatory burden, rather than identify-
ing a causative pathway. Further study within an animal model 
system would be useful for elucidating causation and refining 
our conclusions. Finally, as discussed above, there are dietary 
sources of KYNA. However, intake of these foods are not 
likely increased in patients with worsening colonic inflamma-
tion. A recent study of Trp levels in patients with IBD did not 
show a difference in Trp dietary content between patients with 
active and inactive disease.24

CONCLUSION
In this study, we found that IDO1 expression was 

increased in the colonic mucosa during active UC and was 
associated with endoscopic severity. Furthermore, we dis-
covered that the KP metabolite KYNA is also associated 
with endoscopically active UC when examined as a ratio to 
Trp. Increasing levels of  KYNA relative to Trp are closely 
associated with endoscopic inflammation and predictive of 
disease outcomes. These findings support a role for the the 
KP derived from Trp metabolism in the pathophysiology of 
UC. Given the significant correlation with mucosal inflam-
mation and its known role in inflammation and psychiatric 
conditions, the functional consequences of  KYNA in this 
setting merits further study. Overall, our findings support the 
hypothesis that Trp metabolism along the KP is increased in 
active UC and identify KYNA as a potential noninvasive 
biomarker and therapeutic target in ulcerative colitis.

SUPPLEMENTARY DATA
Supplementary data areavailable at Inflammatory Bowel 

Diseases online.
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