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Abstract
Aim: Chronic inflammation is closely associated with tryptophan (TRP)-kynurenine (KYN) metabolic pathway.
However, TRP-KYN pathway has not been fully elucidated in psoriasis, a systemic inflammatory disease
with skin lesions and extracutaneous manifestations. Herein, we studied comprehensively serum profiles of
TRP-KYN pathway metabolites in psoriatic patients (PSOs) to clarify the involvement of this pathway in the
pathophysiology of psoriasis and to evaluate serum biomarkers reflecting systemic inflammation in PSOs.
Methods: The concentrations of main TRP metabolites, TRP, KYN, 3-hydroxykynurenine (3HK), kynurenic
acid (KYNA), 3-hydroxyanthranilic acid (3HAA), and anthranilic acid (AA), were determined by high-performance
liquid chromatography in the sera from 65 PSOs and 35 healthy controls (HCs). The levels of these
metabolites and the ratios of metabolites were compared between these subjects. The correlations between
these values and the psoriasis area severity index (PASI) scores were analyzed. Skin samples from PSOs and
HCs were subjected to immunohistochemical staining for kynureninase, catabolic enzyme from KYN or 3HK
to downstream. Cytokine concentrations were comprehensively measured in the same samples and the
correlations between the cytokine levels and TRP-KYN pathway metabolite levels were examined.

Results: Serum TRP, KYN, and KYNA concentrations were lower and the 3HAA concentrations were higher
in PSOs than in HCs. The ratios of 3HK/KYN, 3HAA/3HK, and 3HK/AA were higher in PSOs than in HCs.
The AA levels and the ratio of AA/KYN were weakly positively correlated, and TRP, KYNA, and 3HK levels
and the ratios of KYNA/KYN and 3HAA/AA were weakly negatively correlated with the PASI scores. The
AA, KYN, and KYNA levels were positively correlated with the interferon gamma-induced protein 10 (IP-10)
concentrations. Kynureninase expression was enhanced in the epidermis, both involved and uninvolved skin.
Conclusions: Serum profiles of TRP-KYN pathway metabolites differed between PSOs and HCs. TRP-KYN
pathway-associated processes, including kynureninase activation, may be involved in the pathogenesis of
psoriasis, and thus serve as targets for psoriasis therapy.
© The Author(s) 2021. This is an Open Access article licensed under a Creative Commons Attribution 4.0 International
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, adaptation, distribution
and reproduction in any medium or format, for any purpose, even commercially, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
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Introduction

Psoriasis is a chronic inflammatory skin disease characterized by the thickening of the epidermis and skin
infiltration of polymorphonuclear cells. The tumor necrosis factor (TNF)-α/interleukin (IL)-23/IL-17A axis
plays a key role in the induction and progression of psoriasis; thus, biological drugs against TNF-α/IL-23/IL-17A
show a good therapeutic efficacy [1, 2].
Various comorbidities such as cardiovascular disease, metabolic syndrome, inflammatory bowel disease,
and depression are associated with psoriasis [3]. It has been proposed that shared inflammatory pathways
may act as a driving force for both psoriasis and extracutaneous manifestations. Thus, a paradigm shift in
concept of the pathophysiology of psoriasis has occurred; psoriasis is now viewed as a systemic inflammatory
condition and not merely a “skin-deep” condition [4].

Tryptophan (TRP) metabolism pathway is strongly associated with immune suppression [5-7]. TRP is
oxidized by cleavage of the indole ring moiety, and kynurenine (KYN) is generated. This pathway is initiated
either by tryptophan 2,3-dioxagenase (TDO), indoleamine 2,3-dioxygenase (IDO)1, or IDO2 (Figure 1). TDO is
almost exclusively expressed in the liver and is induced in some cell types such as leukocytes and endothelial
cells by TRP levels or corticosteroids [8]. IDO1 is the predominant enzyme extra-hepatically and is expressed
in a lot of cell types including macrophages and keratinocytes [5, 6, 9, 10]. IDO1 is induced by various
inflammatory cytokines such as interferon (IFN)-γ, and is upregulated in several inflammatory conditions
including psoriasis [5, 11]. IDO2, an isotype enzyme of IDO1, shows similar structural and enzymatic activities
as IDO1, but differs in its expression pattern, substrate specificity, and downstream signaling pathways [12].

Figure 1. The KYN pathway of TRP degradation. NAD: nicotinamide adenine dinucleotide

Kynureninase is an enzyme in the TRP-KYN metabolism pathway that metabolizes the KYN and
3-hydroxykynurenine (3HK) into anthranilic acid (AA) and 3-hydroxyanthranilic acid (3HAA), respectively.
Among several key genes elucidated by microarray and genomic studies [13], kynureninase is one gene
prominently upregulated in psoriasis [14-18]. It is highly upregulated in involved psoriatic skin compared to
uninvolved skin, though which is still upregulated compared to the normal skin [5].
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The TRP-KYN metabolism pathway [19] produces various metabolites, such as KYN, 3HK, kynurenic acid
(KYNA), 3HAA, AA, and quinolinic acid (QA) (Figure 1). In the present study, the serum profiles of TRP-KYN
pathway metabolites were comprehensively examined in psoriatic patients (PSOs) to verify the involvement
of this pathway in the pathophysiology of psoriasis and to evaluate the serum profiles of new psoriasis-related
biomarkers that reflect systemic inflammation in PSOs. In addition, we aimed to assess the ratios of TRP-KYN
pathway metabolites as indices of two main enzymes, IDO1 and kynureninase, in this pathway.

Materials and methods
Patients

This study was approved by the ethical committee of Gifu University and was performed in strict adherence
with the Declaration of Helsinki principles (2018-1949). After obtaining written informed consent, sera and
skin biopsy specimens were collected from healthy controls (HCs) and PSOs. The patients were diagnosed
as psoriasis clinically and histologically in Gifu University Hospital. The sera were stored at -80℃ before use.

A total of 65 PSOs (19 women and 46 men) and 35 HCs (11 women and 24 men) were included. The
mean age of the PSOs was 58.2 ± 13.7 (women: 56.3 ± 15.8, men: 59.0 ± 12.8). The mean age of HCs was 56.9
± 12.5 (women: 57.5 ± 12.1, men: 56.6 ± 12.9). The patients showed different types of psoriasis: 51 patients
with psoriasis vulgaris, 11 patients with psoriatic arthritis (PsA), and 3 patients with pustular psoriasis. The
average psoriasis area severity index (PASI) score, as evaluated by the dermatologists was 4.2 ± 6.4 (women:
4.0 ± 4.8 and men: 4.3 ± 6.9) at the time of blood sample collection. The PASI scores were 4.33 ± 4.8 for patients
with psoriasis vulgaris, 3.35 ± 4.2 for patients with PsA, and 8.3 ± 3.0 for patients with pustular psoriasis.
All PSOs were treated; 43 patients with biologics (5 with TNF-α inhibitors, 19 with IL-17 inhibitors, and
19 with IL-23 inhibitors), 10 patients with apremilast, 3 patients with retinoid, 1 patient with cyclosporine,
and 8 patients with only topical treatments (8 patients with topical steroid + vitamin D3 and 2 patients with
topical steroid only).
Measurement of TRP-KYN pathway metabolites in sera

The levels of TRP metabolites were determined according to our previous report [20]. Briefly, the levels of
TRP, KYN, KYNA, AA, 3HK, and 3HAA were measured by high-performance liquid chromatography (HPLC)
(SHIMAZU, Kyoto, Japan).
Immunohistochemistry

Skin specimens were obtained from the involved and uninvolved skin of four PSOs and from the skin of four
HCs. Paraffin-embedded specimens were prepared using standard methods and the tissue sections were
stained with hematoxylin and eosin and immunohistochemically using the antibodies against kynureninase
(GeneTex, CA, USA) and Dako Envision System-labeled Polymer, HRP (Dako, Tokyo, Japan).
Measurement of cytokines and chemokines in sera

The serum levels of the following cytokines were determined using a MILLIPLEX multiplex assay system
(Millipore, Billerica, MA) according to our previous report [20]: soluble CD40 ligand (sCD40L), epidermal
growth factor (EGF), eotaxin, fibroblast growth factor (FGF)-2, Fms-related tyrosine kinase 3 ligand (FLT3-L),
fractalkine, granulocyte colony-stimulating factor (G-CSF), granulocyte-macrophage colony-stimulating
factor (GM-CSF), growth related oncogene-α (GRO-α), chemokine (C-X-C motif) ligand (CXCL)1, IFN-α2,
IFN-γ, IL-1α, IL-1β, interleukin-1 receptor antagonist (IL-1RA), IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, and
IL-10. Furthermore, the serum levels of IL-12 (p40), IL-12 (p70), IL-13, IL-15, IL-17A, IL-17E, IL-17F, IL-18,
IL-22, IL-27, interferon gamma-induced protein 10 (IP-10), monocyte chemoattractant protein (MCP)-1,
MCP-3, macrophage-derived chemokine [MDC, CC chemokine ligand (CCL)22], monokine induced by gamma
interferon (MIG), CXCL9, macrophage inflammatory protein (MIP)-1α, MIP-1β, platelet-derived growth
factor (PDGF)-AA, PDGF-AB/BB, transforming growth factor (TGF)-α, TNF-α, TNF-β, and vascular endothelial
growth factor (VEGF)-A were measured using the same system.
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Statistical analysis
The obtained values were expressed as the means ± standard deviations (SDs). Pearson’s product moment
correlation coefficients and their statistical significance were calculated to determine the correlations
between the quantified parameters. Welch’s t test was used to compare the data of TRP-KYN pathway
metabolites from the unpaired groups. Wilcoxon test was used to compare the data of cytokines from the
unpaired groups. Statistical significance was defined as a P-value of < 0.05.

Results

Measurement of TRP-KYN pathway metabolites in sera
Serum TRP, KYN, and KYNA concentrations were significantly lower in PSOs than in the HCs. On the other
hand, the 3HAA concentrations were higher in the PSOs than in the HCs, and the AA and 3HK levels showed
no differences between the two groups (Table 1). The serum TRP-KYN pathway metabolite profiles did not
show sex-associated differences, and no difference was observed in the profiles between the patients treated
with various biologics and non-biologics (apremilast). The ratios of the 3HK to KYN, 3HAA to 3HK, and 3HAA
to AA were significantly increased in PSOs, but the KYN/TRP, KYNA/KYN, and AA/KYN ratios between the
PSOs and HCs were not different (Table 2).
Table 1. Differences in the serum concentrations of TRP-KYN pathway metabolites between HCs and PSOs
Metabolites

HCs (mean ± SD)

PSOs (mean ± SD)

TRP (μM)

52.9 ± 7.26

48.0 ± 8.34

**

KYN (μM)

2.00 ± 0.49

1.73 ± 0.47

**

KYNA (nM)

37.6 ± 9.81

32.0 ± 16.8

*

AA (nM)

17.1 ± 6.78

16.0 ± 12.2

3HK (nM)

18.8 ± 12.9

18.6 ± 8.76

3HAA (nM)

7.56 ± 4.52

14.2 ± 6.22

***

*P < 0.05; **P < 0.01; ***P < 0.001 vs. HCs

Table 2. Differences in the ratio of TRP-KYN pathway metabolites between HCs and PSOs
Ratios of metabolites

HCs (mean ± SD)

PSOs (mean ± SD)

KYN/TRP

0.0382 ± 0.0102

0.0369 ± 0.0121

KYNA/KYN

0.0196 ± 0.0060

0.0188 ± 0.0085

AA/KYN

0.0087 ± 0.0027

0.0092 ± 0.0048

3HK/KYN

0.0093 ± 0.0039

0.0111 ± 0.0052

*

3HAA/3HK

0.4319 ± 0.2317

0.9026 ± 0.4619

***

3HAA/AA

0.499 ± 0.385

1.0893 ± 0.614

***

*P < 0.05; ***P < 0.001 vs. HCs

The AA levels showed a weakly positive correlation, but the TRP, KYNA, and 3HK levels were weakly
negatively correlated with the PASI scores; the KYN and 3HAA levels showed no correlation with the PASI
scores. The AA/KYN ratio showed a weakly positive correlation, and the KYNA/KYN and 3HAA/AA ratios
were weakly negatively correlated with the PASI score (Table 3).
Immunohistochemistry
Kynureninase was stained in the epidermis of psoriatic involved skin more strongly than in that of the skin
from the HCs (Figure 2). It was also distributed in the epidermis of uninvolved skin of psoriasis patients.
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Table 3. Pearson’s correlation coefficients between PASI score and the TRP-KYN pathway metabolites in PSOs
Metabolites and ratios

Correlation coefficient

TRP

-0.28

KYN

-0.01

KYNA

-0.29

AA

0.38

3HK

-0.27

3HAA

-0.07

KYN/TRP

0.15

KYNA/KYN

-0.33

AA/KYN

0.45

3HK/KYN

-0.22

3HAA/3HK

0.21

3HAA/AA

-0.26

Figure 2. Histological distribution of the expression of kynureninase in psoriasis. (a) The skin from a HC; (b) the skin from a PSO.
INV: involved skin; UNINV: uninvolved skin. The tissue sections were stained using the antibodies against kynureninase. Scale
bars: 100 μm

Cytokine and chemokine concentrations in sera
The serum concentrations of FGF-2, FLT3-L, IFN-α2, IL-1α, IL-2, IL-5, IL-9, IL-17A, MCP-1, MDC, and TGF-α
were increased in the sera from PSOs, compared to the sera from the HCs. On the other hand, the IL-17F and
IP-10 concentrations in the sera from PSOs were lower than those in the sera from the HCs (Table 4). The
AA, KYN, and KYNA levels were positively correlated with the IP-10 levels. The IL-1RA levels were weakly
positively correlated, while the IL-9 levels were weakly negatively correlated with the PASI scores (Table 5).

Discussion
In the present study, the serum profiles of TRP-KYN pathway metabolites and the ratios of the metabolites were
comprehensively evaluated in the PSOs. Consequently, the serum TRP, KYN, and KYNA concentrations were
significantly lower, but the 3HAA concentrations were markedly higher in PSOs than in the HCs (Table 1). The
ratios of 3HAA to 3HK, 3HK to KYN, and 3HAA to AA were significantly increased (Table 2). The TRP, KYNA,
and 3HK levels were weakly negatively correlated with the PASI scores (Table 3). These results indicate that
the TRP-KYN-3HK-3HAA metabolic pathway is upregulated in psoriasis. The concentrations of KYNA, which
is present downstream of KYN, may be reduced following the decreased KYN concentrations. Although AA
is also present downstream of KYN, the pathway from KYN to AA by kynureninase may be enhanced in the
PSOs, resulting in no differences of AA levels between the PSOs and HCs.
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Table 4. Differences in the serum concentrations of cytokines and chemokines between HCs and PSOs
Pro-inflammatory

HCs (mean ± SD; ng/L)

PSOs (mean ± SD; ng/L)

sCD40L

25.28 ± 16.06

27.72 ± 21.33

EGF

38.45 ± 36.81

59.11 ± 73.34

Eotaxin

96.79 ± 33.93

105.2 ± 46.51

FGF-2

▲

34.57 ± 18.30

38.95 ± 76.69

*

FLT-3L

▲

1.35 ± 1.55

4.95 ± 4.75

***

Fractalkine

59.78 ± 30.74

57.96 ± 41.50

G-CSF

9.46 ± 13.58

19.09 ± 70.55

GM-CSF

2.26 ± 1.63

2.57 ± 2.27

20.93 ± 20.60

17.03 ± 12.66

8.08 ± 2.18

8.86 ± 12.07

1.60 ± 2.21

3.75 ± 7.57

4.86 ± 2.08

8.32 ± 21.86

3.31 ± 7.82

3.99 ± 8.81

0.65 ± 0.27

0.79 ± 1.56

1.57 ± 1.36

1.44 ± 1.37

GRO-α
IFN-α2

▲

IFN-γ
IL-1α

▲

IL-1β
IL-2

▲

IL-4
IL-5

0.65 ± 0.70

1.49 ± 2.67

IL-6

1.44 ± 2.89

5.52 ± 18.83

IL-7

10.12 ± 9.19

12.82 ± 30.87

IL-8

7.88 ± 2.35

9.46 ± 10.80

IL-9

▲

4.92 ± 6.92

10.21 ± 9.85

IL-12p40

27.75 ± 19.19

46.22 ± 81.55

IL-12p70

3.39 ± 1.33

4.25 ± 5.20

IL-13

8.86 ± 8.28

8.08 ± 8.49

IL-15

2.93 ± 0.93

4.40 ± 4.64

1.45 ± 0.91

3.05 ± 10.24

143.8 ± 120.4

164.6 ± 152.8

31.18 ± 3.79

22.04 ± 22.40

22.70 ± 13.75

21.67 ± 18.09

39.42 ± 51.27

39.82 ± 44.67

IL-17A

▲

▲

IL-17E/IL-25
IL-17F
IL-18
IL-22

▽

IL-27
IP-10
MCP-1
MCP-3
MDC

Anti-inflammatory

**
**
*

**

*
***

1082 ± 519.6

1282 ± 914.5

▽

219.1 ± 122.3

123.4 ± 76.86

***

335.3 ± 70.54

392.5 ± 126.7

*

10.88 ± 6.72

10.73 ± 6.82

▲

▲

490.4 ± 154.2

663.0 ± 367.4

MIG

1764 ± 1250

1812 ± 1484

MIP-1α

6.06 ± 4.95

10.61 ± 13.38

MIP-1β

32.66 ± 14.50

34.28 ± 18.96

PDGF-AA

2807 ± 915.6

2847 ± 947.0

PDGF-AB/BB

29323 ± 50067

11958 ± 18352

TGF-α

**

2.60 ± 2.86

7.41 ± 11.23

TNF-α

▲

25.08 ± 15.16

26.51 ± 16.05

TNF-β

3.99 ± 3.91

3.53 ± 3.30

VEGF-α

267.8 ± 181.9

271.0 ± 170.8

IL-1RA

3.23 ± 2.06

6.09 ± 12.64

IL-10

2.42 ± 2.52

10.22 ± 52.99

**

***

*P < 0.05; **P < 0.01; ***P < 0.001 vs. HCs; ▲/▽: significantly higher/lower in PSOs than in the HCs
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Table 5. Pearson’s correlation coefficients (|r| > 0.3) between the TRP-KYN pathway metabolites and cytokine levels (A) and
between PASI score and cytokine levels (B) in PSOs
(A)

(B)

TRP-KYN pathway metabolites

Cytokines

Correlation coefficient

AA

IP-10

0.64

KYN

IP-10

0.49

AA

FLT3-L

0.38

TRP

EGF

0.37

KYN

MIG

0.37

AA

MDC

0.32

AA

MIG

0.32

TRP

MIG

-0.32

AA

MIP-1β

0.31

3HK

IL-17F

-0.31

KYNA

IP-10

0.30

AA

Fractalkine

0.30

KYN

FLT3-L

0.30

PASI score

Cytokines

Correlation coefficient

PASI score

IL-1RA

0.45

PASI score

IL-9

-0.30

IDO1 and kynureninase have been reported as two main enzymes in TRP-KYN pathway. IDO1 and
kynureninase are upregulated in the involved skin, compared to the uninvolved skin of PSOs [5, 11, 21, 22].
IDO1 acts as an immune modulator in immune cells of healthy conditions [23]. KYNA [24] and KYN generated
by IDO1 exert active immune-suppressive effects [7], through mechanisms such as inducing regulatory T cells
via binding to the aryl-hydrocarbon receptor (AhR) [25, 26]. There have not been fully studied about IDO2
and TDO in psoriasis. IDO2 decreases IL-17 expression, resulting in the suppression of skin inflammation in
imiquimod-induced psoriasis-like dermatitis [27]. In the present study, the TRP levels decreased in the PSOs,
suggesting IDO1 activation. However, the KYN levels also decreased and the KYN/TRP ratio did not show the
differences between the PSOs and HCs. These data may suggest activation of kynureninase and/or kynurenine
3-monooxygenase (KMO). As successful treatments to psoriasis reduce IDO1 and kynureninase [5], KYN/TRP
ratio might be affected by various treatments in the present study. Otherwise, the activities of TDO or IDO2
might be involved in the KYN generation in psoriasis.
The AA/KYN and 3HAA/3HK ratios were assessed as possible indices of kynureninase. The AA/KYN ratio
and AA concentrations did not show a difference between the PSOs and HCs, but were positively correlated
with PASI scores (Table 3), suggesting that the pathway from KYN to AA may be enhanced strongly in the
PSOs with higher PASI scores, but not in those with lower PASI scores. The 3HAA/3HK ratio was significantly
elevated in the PSOs than HCs, but was not correlated with PASI scores. It suggests that the pathway from 3HK
to 3HAA, which is main reaction by kynureninase, is fully activated in the PSOs independently of PASI scores.
As human kynureniase prefers 3HK to KYN as a substrate, the reaction rate may not be the same between
KYN to AA and 3HK to 3HAA.

From these results, it is suggested that kynureninase activity is upregulated in PSOs. Therefore, the
enhanced expression of kynureninase was confirmed histologically in the epidermis from psoriatic skin,
both the involved and uninvolved skin, compared to the healthy skin (Figure 2). However, unfortunately, the
kynureninase activity could not be determined in the psoriatic skin in this study.
The 3HAA/AA ratio has been reported to show possibly an inflammatory state, with a decrease indicating
an anti-inflammatory response [28, 29]. In the present study, the 3HAA/AA ratio was significantly higher in
the PSOs than in HCs, and was weakly negatively correlated with PASI scores. Not only kynureninase but also
the other enzymes such as KMO are involved in this metabolic pathway, and thus the activity of KMO might
be altered in the PSOs.
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Several studies have determined the serum levels of cytokines and chemokines in PSOs, but the results are
controversial [30, 31]. It can be said that the correlation between the levels of TRP-KYN pathway metabolites
and cytokines has not been fully understood. KYNA plays an important role in modulating the expression of IL23 and IL-17 in dendritic cells and T helper 17 (Th17) cells [32]. The interaction between AhR and endogenous
ligands such as KYN and KYNA is known to alter the inflammatory profiles of psoriasis [33]. Altered regulation
of TRP-KYN metabolism may reduce the levels of AhR ligands [24, 34], resulting in the increased expression
of proinflammatory cytokines in psoriatic lesions [35]. Although increased IP-10 expression has been
reported in the epidermis of psoriasis [36, 37], the serum IP-10 levels were significantly lower in PSOs than in
HCs (Table 4) and were positively correlated with the AA, KYN, and KYNA levels (Table 5). It is suggested that
some cytokines and chemokines including IP-10 play a role in the pathogenesis of psoriasis in association
with TRP-KYN metabolism pathway. However, as the treatment for psoriasis varies in the present study, the
correlation between cytokine levels and TRP-KYN pathway metabolites may be affected by the treatments.

TRP-KYN pathway metabolites present downstream of kynureninase upregulate several cytokines,
chemokines, and cell adhesions-related factors. Of interest is that the dichotomous actions of TRP metabolism
have been described in neurobiology, with early TRP metabolites such as KYN being considered to possess
a neuroprotective role and late TRP metabolites, such as QA, demonstrating neurotoxic activity [38, 39].
Future studies that examine all the enzymes within this pathway will provide a clue to understand how
this pathway is involved in the inflammation. In addition, the relationship between TRP-KYN metabolism
and the immune system may be more complicated and remains to be ascertained in further studies. In
addition, TRP metabolism is reported to modulate immune responses dichotomously with kynureninase
as a switch between immunosuppressive and inflammatory outcomes, in not only psoriasis, but in other
inflammatory diseases [5].
In conclusion, the serum profiles of TRP-KYN pathway metabolites differed between PSOs and HCs,
suggesting that kynureninase activity is upregulated in PSOs compared to that in HCs. Limitations of our
study are the small sample size and variety of treatments; hence, further studies are required to completely
assess the involvement of TRP-KYN pathway metabolites in the pathogenesis of psoriasis and the outcome
may give us the potential of these metabolites to serve as biomarkers for psoriasis.
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