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A B S T R A C T

Aim: The kynurenine (KYN) pathway plays an important role in degrading molecules responsible for oxidative
stress in the central nervous system (CNS), but can also have neurotoxic effects. Both 3-hydroxykynurenine (3-
HK) and quinolinic acid are neurotoxic metabolites produced from this pathway. In Parkinson’s disease (PD),
oxidative stress is suspected to represent a key pathogenic mechanism. This study aimed to investigate the
function of the KYN pathway and interactions between oxidative stress and neuroinflammation in PD.
Methods: Participants comprised 20 patients with PD and 13 controls. Cerebrospinal fluid (CSF) levels of KYN
and 3-HK were measured using high-performance liquid chromatography coupled with an electrochemical de-
tector. CSF levels of tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, and interferon (IFN)-γ were mea-
sured with an enzyme-linked immunosorbent assay, and results were statistically compared between PD patients
and controls.
Results: Median CSF levels of KYN and 3-HK were 49.0 nM and 4.25 nM in PD and 30.5 nM and 1.55 nM in
controls, respectively, showing significantly higher levels in PD (p < 0.05). CSF levels of measured cytokines
showed that TNF-α and IL-1β were significantly higher in PD patients than in controls. No positive correlation
between 3-HK and TNF-α was seen in PD.
Conclusion: Dysfunction of the KYN pathway may induce oxidative stress in the CNS in PD, and may also induce
cytokine-mediated neuroinflammation. Functional amelioration of the KYN pathway may facilitate modification
of neurodegenerative processes in PD.

1. Introduction

Parkinson’s disease (PD) is the second most common neurodegen-
erative disorder characterized as the cardinal motor features such as
tremor at rest, muscle rigidity, akinesia and postural instability.
Recently, PD has been rediscovered as neuropsychiatric [1] or systemic
disorder because of frequent and variable nonmotor symptoms in-
cluding autonomic dysfunctions, mood disorders, sleep disorders, cog-
nitive dysfunctions and sensory problems [2]. The mechanism is un-
known but some etiological candidates have been postulated, which are
inflammatory reactions [3], oxidative stress [4], mitochondrial dys-
function [5], proteotoxic stress [6], dysfunction of kinases [7] and
others. Overlapping of these pathogenic conditions can induce

progressive and irreversible neuronal cell deaths in PD [8, 9]. Neu-
roinflammation is induced by inflammatory cytokines [10–12] asso-
ciated with activated microglia in the central nervous system under
pathogenic condition. In particular, microglial activities are intensively
investigated using with in vivo positron emission tomography, as the
facilitation of [11C](R)-PK11195 uptake into pons, basal ganglia and
frontal and temporal cortical regions is reported in PD [13,14]. Eleva-
tion of some inflammatory cytokines, such as IL-6, IL-1β, TNF-α, and
IFN-γ are known in the cerebrospinal fluid (CSF) or brain tissue in PD
[15,16]. It is suggested that these cytokines can be derived from acti-
vated microglia and be an ignition key of those regional neuroin-
flammation in PD.

Serotonin is well known as an important neurotransmitter
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associating with depression in patients with PD [17], which is catalyzed
from tryptophan via 5-hydroxytryptophan with tryptophan hydroxylase
and aromatic L-amino acid decarboxylase [18]. In the human brain,
most of tryptophan is converted into kynurenine (KYN) under in-
dolamine 2,3-dioxigenase [19] which can influence physiological
functions such as behavior, sleep, thermo-regulation, and pregnancy.
These two metabolic pathways are representative in tryptophan meta-
bolism. KYN pathway finally makes nicotinamide adenosine dinucleo-
tide (NAD) and contributes redox reaction [20,21]. KYN is converted
into two main compounds, one of which is kynurenic acid (KYNA)
catalyzed by kynurenine-oxoglutarate transaminase and the other of
which is 3-hydroxykynurenine (3-HK), catalyzed by KYN hydroxylase.
3-HK is converted into quinolinic acid (QA). These two key regulatory
enzymes are activated by pro-inflammatory cytokines, such as tumor
necrosis factor (TNF)-α and interferon (IFN)-γ. KYNA is an endogenous
antagonist of glutamate ionotropic excitatory amino acid N-methyl-D-
aspartate (NMDA) receptors in the nervous system and works neuro-
protectively [22], whereas 3-HK and QA are NMDA receptor agonists
and works neurotoxically [23,24]. 3-HK is a strong inducer of neuro-
toxic radicals as well [25]. Therefore, dysfunction of KYN pathway can
exacerbate neurodegeneration process via oxidative stress and/or in-
flammatory reactions. In several neurological diseases including PD
[26], pathogenic association of dysfunction of KYN pathway has been
reported.

The purpose of the present study was to investigate the function of
KYN pathway and interactions between oxidative stress and neuroin-
flammation in PD.

2. Results

We could enroll 20 patients with PD and 13 age-matched healthy
controls (p= 0.135). The details are shown in Table 1. Eighteen pa-
tients had no antiparkinsonian medication and 2 patients were under
medication whose levodopa equivalent doses were 375 and 200mg per
day. Age-matched healthy controls included 2 healthy volunteers and
11 patients who received lumbar anesthesia in our hospital, including
antepartum (n=1) and others (n=10).

We detected cerebrospinal fluid (CSF) levels of KYN and its meta-
bolites in both PD patients and controls. Five CSF samples from four
patients with PD showed cytokine levels below the minimum level of
detection for the enzyme-linked immunosorbent assay (ELISA); these
samples were considered undetectable. All of measured values are
shown in Table 2. These values were statistically compared between PD
patients and controls as shown in Table 3. No differences in CSF levels
of tryptophan were identified. CSF levels of KYN were significantly
higher in PD patients than controls (p= 0.036). In metabolites of the
KYN pathway, CSF levels of 3-HK were significantly higher in PD pa-
tients than controls (p= 0.011), but no difference in CSF levels of
KYNA or QA was identified. In cytokines in the CSF, CSF levels of TNF-α

and IL-1β were significantly higher in PD patients than controls
(p= 0.020 and 0.015, respectively). No differences in CSF levels of IL-6
or IFN-γ were seen between groups. In PD group, we found no sig-
nificant correlation between clinical background characteristics such as
age, sex, disease duration or Unified PD rating scale (UPDRS) part III
[27] and CSF levels of cytokines, KYN, or KYN metabolites. A positive
correlation was observed between CSF levels of 3-HK and TNF-α in the
PD group with the analysis using Spearman’s rank correlation coeffi-
cient (r= 0.48), whereas no significant difference was seen between
CSF levels of KYN and any cytokines.

3. Discussion

3.1. Kynurenine and its metabolites in CSF

This case-control study obtained the following findings using CSF
samples obtained from PD patients. Whether the KYN pathway in the
CNS of PD is changed has remained unclear, but our results provide a
partial answer because we directly analyzed CSF levels of KYN and its
metabolites. Among any other biological samples, CSF most likely re-
flects phenomena occurring in the CNS. CSF levels of KYN and 3-HK
were increased in PD. We simultaneously analyzed CSF levels of in-
flammatory cytokines and observed elevated TNF-α and IL-1β in PD.
These results revealed that dysfunction of the KYN pathway may be
associated with inflammatory cytokines and may induce oxidative
stress in the CNS of PD patients.

Tohgi and his colleagues have reported a different result from ours
[28,29]. We could not know the precise reason why our results differed
from the works, but can find a few different points in the methods
between ours and Tohgi’s works. Their study was designed focusing on
the serotonin metabolism primarily, besides in de novo patients. Our
study primarily targeted on the functional changes of the KYN pathway
in patients with PD. We recruited controls as healthy subjects satisfied
some originally defined criteria. All Tohgi’s controls had minor sur-
geries and no details in clinical backgrounds were described in their
papers. Onset ages of PD patients were different between ours and
Tohgi’s works, which was younger in Tohgi’s works than ours. Fur-
thermore, we recruited also patients with PD under antiparkinsonian
medication as PD group. We know that antiparkinsonian agents can
make some changes in the results. Fortunately, one of Tohgi’s papers
has confirmed that levodopa can’t change the CSF levels of KYN and 3-
HK. We also confirmed that reevaluation analysis could show no change
in results even when excluding PD patients under medication.

3.2. Oxidative stress and neurotoxicity of 3-HK

3-HK is not only directly but also indirectly harmful to neuronal
cells due to oxidative stress in the CNS. 3-HK itself is oxidized during
specific physiological conditions such as in the presence of copper and
iron, and can be neurotoxic due to production of hydrogen peroxide
and highly concentrated reactive hydroxyl radicals as in the self-oxi-
dation process [30,31]. Lower concentrations of 3-HK can en-
zymatically induce oxidative stress due to the activity of endogenous
xanthine oxidase, whereas higher concentrations of 3-HK can induce
cell death nonenzymatically via oxidative stress in the extracellular
space [32]. The excitotoxic effects of 3-HK can also be enhanced by
low-dose QA [33]. Selective neurotoxicity of 3-HK was shown using cell
cultures derived from striatal and cortical cells of rat fetuses [32]. In-
directly, 3-HK can also induce oxidative stress via QA and/or
NAD+derived from 3-HK in the KYN pathway. We detected elevation
of KYN and 3-HK, but no elevation of QA or KYNA. Together with this
prior evidence, our results suggest that 3-HK may play an important
role in neurodegenerative processes associated with oxidative stress in
the striatum of PD patients.

Table 1
Clinical characteristics of Parkinson’s disease patients and controls.

PD C

Number, male:female 20, 9:11 13, 9:4
Age, y 69.0 ± 6.4 69.0 ± 16.7
Disease duration, m 29.6 ± 20.3 –
H&Y stage 2.5 ± 0.5 –
stage 2, n

stage 3, n
10
10

–

UPDRS part III 25.2 ± 9.5 –
MMSE 27.8 ± 2.2 –

PD; Parkinson’s disease, C; control, y; years, m; months, H&Y; Hoehn and Yahr,
n; number, UPDRS; unified Parkinson’s disease rating scale, MMSE; mini-
mental state examination.
Some values are described as mean ± standard deviation.
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3.3. Elevated cytokines and neuroinflammation

Inflammatory cytokines are important players in the neurodegen-
erative mechanisms of PD [12, 33]. In our study, CSF levels of TNF-α
and IFN-1β were elevated in PD. KYN monooxygenase (KMO) is a
regulatory enzyme in the KYN pathway and catalyzes the reaction
producing 3-HK from KYN. Because KMO is activated by inflammatory
cytokines such as TNF-α and IFN-γ released from microglia [21,24],
inflammatory cytokines can activate both oxidative stress mediated by
3-HK and the above-mentioned neurotoxicity via activation of NMDA
receptors in the KYN pathway. In addition, TNF-α facilitates the release
of glutamate from activated microglia [34] and induces activation of
NMDA receptors. This activation of NMDA receptors followed by an
increase in the calcium ion concentration gradient can initiate chain

reactions of variable intracellular molecules and result in neuronal
death [35,36]. Our study also suggested that TNF-α may play an im-
portant role in these processes, along with IFN-1β. We could detect an
obvious correlation coefficient between CSF levels of TNF-α and 3-HK
levels. CSF levels of IFN-γ were also not different between PD and
control groups in our study. We recognize that the number of patients is
one limitation of this study. A larger-scale study in the future will ad-
dress this problem.

3.4. Therapeutic potential of modification of the KYN pathway

From a clinical perspective, our study suggests that functional
amelioration of the KYN pathway may contribute to modification of the
neurodegenerative process of PD. First, reducing 3-HK is a potential

Table 2
Individual cerebrospinal fluid levels of kynurenine metabolites and inflammatory cytokines in Parkinson’s disease patients and controls.

Subjects Sex Age
(y)

H&Y
stage

TRP
(μmol/L)

KYN
(nmol/L)

3-HK
(nmol/L)

KYNA
(nmol/L)

QA
(nmol/L)

TNF-α
(pg/mL)

IL-1β
(pg/mL)

IL-6
(pg/mL)

IFN-γ
(pg/mL)

PD 1 F 71 3 2.81 23.13 2.66 1.88 0.13 1.29 0.17 UD 1.48
PD 2 F 69 3 2.54 30.73 0.42 0.88 0.39 1.11 0.18 0.90 1.60
PD 3 M 72 3 2.55 31.90 1.68 2.29 0.09 UD 0.19 UD 1.82
PD 4 M 76 3 2.57 37.91 3.97 1.36 0.17 1.18 0.22 1.04 2.16
PD 5 F 73 2 2.22 36.83 0.20 0.56 0.08 1.22 0.26 0.81 UD
PD 6 M 69 3 2.71 61.91 5.59 1.06 0.16 1.14 0.18 1.14 2.24
PD 7 F 70 3 2.40 42.76 8.64 1.26 0.16 1.89 0.18 0.92 2.49
PD 8 F 79 3 2.15 50.22 6.99 2.91 0.50 2.07 0.19 1.29 1.81
PD 9 F 67 3 2.04 62.13 3.29 1.51 0.07 0.94 0.17 1.43 1.75
PD 10 M 57 2 2.28 52.97 3.82 0.80 0.24 1.48 0.17 0.81 1.96
PD 11 M 74 3 2.04 90.30 9.11 1.98 0.06 1.56 0.17 1.23 1.60
PD 12 F 59 2 1.95 36.56 13.26 1.10 0.27 1.30 0.18 2.21 1.96
PD 13 M 59 2 2.01 44.38 6.28 2.02 0.07 1.03 0.21 1.31 3.05
PD 14 F 71 2 1.98 47.77 2.17 0.78 0.11 UD 0.26 2.08 1.99
PD 15 M 66 2 2.11 22.60 4.52 0.62 0.17 1.56 0.18 1.40 2.06
PD 16 M 63 3 1.78 65.99 4.90 0.69 0.28 1.62 0.27 1.33 1.64
PD 17 F 67 2 2.37 79.65 7.50 0.69 0.12 1.34 0.22 0.99 1.86
PD 18 F 74 2 2.09 73.79 3.96 0.93 0.32 1.32 0.16 1.26 1.97
PD 19 M 80 2 2.44 62.30 5.89 1.18 0.34 1.27 0.17 0.97 1.72
PD 20 F 65 2 1.89 52.47 1.68 2.56 0.14 1.21 0.24 0.94 2.15
C 1 F 72 – 2.26 46.13 1.89 2.36 0.38 UD UD 1.01 2.47
C 2 M 68 – 2.38 51.40 1.44 2.60 0.18 0.96 UD UD UD
C 3 M 63 – 2.49 25.25 0.53 0.52 0.19 UD UD 0.26 UD
C 4 F 43 – 2.75 35.72 1.65 0.85 0.16 1.24 UD UD 3.22
C 5 F 79 – 2.70 20.58 3.96 2.45 0.14 1.99 0.22 UD 2.89
C 6 M 78 – 0.94 9.49 0.01 0.37 0.11 UD 0.11 UD UD
C 7 F 73 – 1.82 22.11 1.55 1.78 0.13 1.64 0.21 UD 2.42
C 8 M 23 – 2.44 35.23 1.11 0.61 0.24 2.39 0.19 3.24 1.69
C 9 M 75 – 2.51 30.51 2.08 1.03 0.21 UD 0.31 1.14 UD
C 10 M 78 – 2.63 38.27 1.33 1.60 0.08 0.61 0.09 1.34 UD
C 11 M 81 – 1.89 39.20 1.75 1.78 0.17 0.03 0.13 1.43 UD
C 12 M 81 – 1.96 10.31 2.01 1.66 0.11 UD 0.09 2.27 UD
C 13 M 83 – 2.54 31.12 1.45 0.85 0.28 0.89 0.16 2.37 1.06

PD; Parkinson’s disease, C; Control, F; female, M; male, y; years, H&Y; Hoehn and Yahr, KYN; kynurenine, TRP; tryptophan, 3-HK; 3-hydroxykynurenine, KYNA;
kynurenic acid, QA; quinolinic acid, TNF-α; tumor necrosis factor-α, IL-1β; interleukin-1β, IL-6; interleukin-6, IFN-γ; interferon-γ, UD; undetectabl.

Table 3
Comparison of cerebrospinal fluid levels of kynurenine pathway components and cytokines between Parkinson’s disease patients and controls.

PD C p value
mean ± SD (range)

TRP (μmol/L) 2.25 ± 0.28 (1.78-2.81) 1.95 ± 0.63 (0.94-2.75) 0.334
KYN (nmol/L) 50.31 ± 18.08(22.60-90.30) 36.06 ± 13.07(9.49-51.40) 0.036
3- HK (nmol/L) 4.83 ± 3.14(0.20-13.26) 2.29 ± 1.27(0.01-3.96) 0.011
KYNA (nmol/L) 1.35 ± 0.68(0.56-2.91) 1.37 ± 0.74(0.37-2.60) 0.957
QA (nmol/L) 0.19 ± 0.12(0.06-0.50) 0.20 ± 0.09(0.11-0.38) 0.573
TNF-α (pg/mL) 1.23 ± 0.49(0.94-2.07) 0.75 ± 0.82(0.00-2.39) 0.020
IL-1β (pg/mL) 0.20 ± 0.03(0.16-0.27) 0.11 ± 0.10(0.00-0.31) 0.015
IL-6 (pg/mL) 1.16 ± 0.51(0.81-2.21) 1.01 ± 1.05(0.00-3.24) 0.964
IFN-γ (pg/mL) 1.86 ± 0.55(1.48-3.05) 1.06 ± 1.24(0.00-3.22) 0.061

PD; Parkinson’s disease, C; control, SD; standard deviation, TRP; tryptophan, KYN; kynurenine, 3-HK; 3-hydroxykynurenine, KYNA; kynurenic acid, QA;
quinolinic acid, TNF-α; tumor necrosis factor-α, IL-1β; interleukin-1β, IL-6; interleukin-6, IFN-γ; interferon-γ.
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therapeutic intervention for suppression of neurodegenerative pro-
gression. Inhibition of TNF-α is expected to reduce CNS levels of 3-HK.
A clinical trial using an inhibitor of TNF-α in brain injury cases has
already been reported [37]. Inhibition of inflammatory cytokines may
also directly suppress neuroinflammation. However, TNF-α inhibitor
cannot pass through the blood-brain barrier, so further development is
needed. Amelioration of the balance in KYN metabolism may also prove
beneficial to modify neurodegenerative processes due to a reduction in
3-HK and an increase in KYNA, because in this situation the KYN
pathway would work in a neuroprotective manner. A KMO inhibitor
decreased 3-HK, increased KYNA, and attenuated post-ischemic neu-
ronal damage in cultured hippocampal slices [38]. In experiments using
model mice, this KMO inhibitor prevented functional and morpholo-
gical changes in transgenic models of Alzheimer’s disease and also ex-
tended the life span in models of Huntington’s disease [39]. Together
with these lines of evidence, our results suggest that KMO may re-
present a therapeutic target for some neurodegenerative diseases.

3.5. Limitations

Our study has some limitations, including the small sample size
already mentioned above. In the current study, the results in CSF levels
of KYN and 3-HK were different from previous study. We found an
obvious relationship between CSF levels of TNF-α and 3-HK, but we
could not conclude finally. The inevitable varieties of personal back-
grounds could also make some fluctuations of CSF levels of KYN and its
metabolites. These issues should be addressed using larger-scale re-
plication studies. Investigation of the relationship between clinical
factors and functional abnormalities in the KYN pathway may con-
tribute to the exploration of practically accessible surrogate markers
and the identification of useful new biomarkers. The exclusion criteria
in this study were insufficient, because antepartum subject should not
be included because of the different metabolism from other controls
hormonally or biochemically. Pregnancy is known as a fluctuating
factor of KYN metabolism. As a result, there was no change in statistical
significance in all items associating with KYN metabolism and cyto-
kines, and our results did not change even if one antepartum subject
was excluded. Finally, because we adopted the United Kingdom PD
Society Brain Bank (UKBB) criteria [26] as research criteria, the UKBB
criteria prescribes the diagnostic accuracy also in this study as other
previous studies were.

4. Conclusion

The KYN pathway is functionally impaired in PD. Some metabolites
derived from this abnormal pathway can enhance oxidative stress and
increase certain inflammatory cytokines that may subsequently induce
neuroinflammation in the CNS in PD. These neurotoxic conditions may
be one factor that promotes clinical progression of PD. From a ther-
apeutic point of view, functional amelioration of the KYN pathway may
contribute to beneficial modification of the neurodegenerative process
of PD.

5. Methods and materials

5.1. CSF sampling and study approval

PD patients were neurologically examined by movement disorder
experts and fulfilled the UKBB criteria. Clinical severities were eval-
uated with H&Y stage [40] and UPDRS part III [41]. Age-matched
healthy controls who showed no neurological abnormalities according
to medical records, laboratory examinations, neurological examina-
tions, and structural neuroimaging were established. Controls showing
neurological disorders or severe illnesses were also joined in this study.

CSF samples were obtained from participants by lumbar puncture
between 09:00 and 10:00 AM after several minutes of left-sided bedrest

and before breakfast. CSF samples from controls receiving lumbar an-
esthesia were obtained by anesthesiologists in the same manner.
Venous blood sampling was simultaneously performed in all cases in
order to exclude systemic inflammatory diseases including infectious
diseases, autoimmune diseases and other diseases. CSF samples were
promptly centrifuged at 1700 g (3000 rpm) for 10min at 4 °C, and the
supernatants were cryopreserved in a deep freezer at −80 °C until use
in the following experiments.

This study was carried out after obtaining approval from the Iwate
Medical University School of Medicine Ethical Review Board. Details of
this study were explained adequately using hard copies of the protocol,
and written informed consent was acquired before enrolment in this
study.

5.2. Biochemical detection of KYN metabolic products in CSF

CSF samples (50 μl) were automatically injected into a high-per-
formance liquid chromatography column using an autosampler. The
mobile phase consisted of 50mM disodium phosphate, 25mM citric
acid, and 125mg low sulfur heavy stock (pH 2.50). The flow rate was
set at 700 μl/min. Tryptophan, KYN, 3-HK, QA, and KYNA were sepa-
rated on a reverse-phase analytical column at 35 °C (Acclaim Polar
Advantage II C18, 3 μm, 120 Å, 4.6×150mm; Thermo Fisher
Scientific, Kanagawa, Japan) and detected using an electrochemical
detection system (Coulochem III; ESA, Bedford, MA). The electrode sets
were from a Model 5010 analytical cell (ESA) and a Model 5020 guard
cell (ESA), with the potential set at 100mV, 550mV, and 600mV
(Guard Cell).

5.3. Immunoassay for cytokines in CSF

CSF levels of cytokines including IL-6, IL-1β, TNF-α, and IFN-γ were
measured using commercially purchased ELISA kits (Quantikine ELISA
Kit; R&D Systems, Minneapolis, MN), according to the protocol from
the manufacturer. Optical density was read at 450 nm using an ELISA
reader (Infinite F50R; TECAN, Kawasaki, Japan).

For statistical analysis of inflammatory cytokines, samples with
values below the limit of detection were assigned a value of 0, and then
statistical analysis was conducted.

5.4. Statistical analysis

We conducted comparisons between PD and control groups using
Mann-Whitney’s U test We performed correlation analysis using
Spearman’s rank correlation coefficient. These analyses were carried
out using StatView version 5.0 software (Abacus Concepts, Inc.,
Berkeley, CA). The level of significance was set at p < 0.05.
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