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Abstract

Insulin resistance (IR), obesity and other components of metabolic syndrome [MetS] are highly associated with Alzheimer’s (AD) and Parkinson’s (PD)
diseases. Dysregulation of kynurenine (Kyn) pathway (KP) of tryptophan (Trp) metabolism was suggested as major contributor to pathogenesis of AD
and PD and MetS. KP, the major source of NAD" in humans, occurs in brain and peripheral organs. Considering that some, but not all, peripherally
originated derivatives of Kyn penetrate blood brain barrier, dysregulation of central and peripheral KP might have different functional impact. Up-
regulated Kyn formation from Trp was discovered in central nervous system of AD and PD while assessments of peripheral KP in these diseases
yield controversial results. We were interested to compare peripheral kynurenines in AD and PD with emphasis on MetS-associated kynurenines, i.e.,
kynurenic (KYNA) and anthranilic (ANA) acids and 3-hydroxykynurenine (3-HK). Serum concentrations of KP metabolites were evaluated (HPLC-MS
method). In PD patients Trp concentrations were lower, and Kyn: Trp ratio, Kyn, ANA and KYNA were higher than in controls. 3-HK concentrations
of PD patients were below the sensitivity threshold of the method. In AD patients. ANA serum concentrations were approximately 3 fold lower, and
KYNA concentrations were approximately 40% higher than in controls. Our data suggest different patterns of KP dysregulation in PD and AD: systemic
chronic subclinical inflammation activating central and peripheral KP in PD, and central, rather than peripheral, activation of KP in AD triggered by

AR, ,,- Dysregulation of peripheral KP in PD and AD patients might underline association between neurodegenerative diseases and MetS.
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Introduction

Insulin resistance (IR), obesity and other components of metabolic
syndrome [MetS] are highly associated with Alzheimer’s (AD) and
Parkinson’s (PD) diseases [1,2]. Dysregulation of kynurenine (Kyn)
pathway (KP) of tryptophan (Trp) metabolism was suggested as major
contributor to pathogenesis of AD [3], PD [4] and MetS [5,6]. KP,
the major source of NAD" in humans, occurs in brain and peripheral
organs (e,g., monocytes/macrophages, liver, pancreas, kidney,
intestine, muscles) [7,8]. Initial phase of KR, conversion of Trp into
Kyn (via N-formyl-kynurenine), is catalyzed by indoleamine-2,3-
dioxygenase 1 (IDO) or tryptophan-2,3-dioxygenase 2 (TDO); Kyn
is further converted into 3-hydroxykynurenine (3HK), kynurenic
(KYNA) and anthranilic (ANA) acids; further metabolism of 3-HK
resulted in production of NAD" (Fig.1). Considering that some, but
not all, peripherally originated derivatives of Kyn penetrate blood
brain barrier (BBB) [9], dysregulation of central and peripheral KP
might have different functional impact. Thus, increased production
of KYNA in brain was suggested to underline psychotic symptoms
[8] while elevation of peripheral KYNA (not penetrating BBB) might
contribute to mechanisms of IR and obesity in schizophrenia [10].
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Up-regulation of Kyn formation from Trp was discovered in
central nervous system of AD and PD [11] while assessments of
peripheral KP in these diseases yield controversial results.

In PD patients, elevated serum Kyn: Trp ratio, a clinical index
of IDO or TDO activity, was reported [12]. Concentration of KYNA
and activity of enzyme, catalyzing Kyn conversion into KYNA, were
elevated in red blood cells (but not in plasma) of PD patients [13]).
The third available study revealed no differences in Kyn and 3-HK
plasma concentrations between PD and control subjects, and elevated
KYNA and ANA in PD patients without dyskinesia in comparison
with PD patients with dyskinesia [14].

In AD most studies compared concentrations of peripheral
kynurenines in serum or plasma of patients with probable AD in
comparison with healthy controls (or patients with major depressive
disease and subjects with subjective cognitive impairment [15].
Only one study evaluated plasma kynurenines in histopathologically
confirmed AD in comparison with age-matched and non-matched
healthy subjects [16]. Plasma Trp metabolism was found to
discriminate between AD and control group in metabolomic study
[17]. Trp concentrations were lower in patients with probable [18-
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20] and histopathologically confirmed AD [16]. Kyn concentrations
were unchanged in probable AD [15,18,20] and significantly lower
in histopathologically confirmed AD [16]. Kyn: Trp ratio was
higher in probable [18,19] but not in histopathologically confirmed
AD [16]. Among derivatives of intermediate KP phase, KYNA
concentrations were reduced or unchanged in probable [15,20,21]
and histopathologically confirmed [16] AD patients. 3-HK levels
were elevated in probable AD patients [15] but lower in plasma of
histopathologically confirmed AD patients [16]. Strong tendency to
reduced ANA was reported in histopathologically confirmed AD [16].
Notably, significant association of plasma ANA and risk of incident
dementia with risk increased by 40% for an increase of one standard
deviation was observed in participants of Framingham offspring
cohort study [22].

We were interested to compare peripheral kynurenines in AD
and PD with emphasis on MetS-associated kynurenines, i.e., KYNA,
ANA, 3-HK and xanthurenic acid (XA) [23].

Methods

PD patients

Overnight fasting blood samples were collected from 7 female and
11 male PD patients (age range: 50 to 74). At the time of sampling five
patients did not take any anti-Parkinson’s medications; and thirteen
patients were treated with L-dopa.

AD patient

Blood samples from 12 female and 8 male patients (age range 60
to 75) with probable AD were studied. All AD patients had MMSE
between 20 and 23. They were treated with Aricept or Namenda.

Healthy Subjects (Controls)

There were 24 age- and gender- matched (12 females and 12
males) healthy subjects. Study was approved by Tufts Medical Center
IRB.

Assessment of Kynurenine metabolites

Plasma samples were stored at —80°C until analysis. Trp, Kyn,
ANA, KYNA and 3-HK concentrations were analyzed by high
performance liquid chromatography coupled to mass spectrometry
(HPLC-MS) as described elsewhere [10].

Statistical analysis

Results are presented as mean + standard error (Trp and Kyn in
uM and ANA, KYNA and 3-HK in nM). Statistical significance was
assessed by unpaired t test with Welch correction, two-tailed.

Results

PD patients

There was no difference in plasma concentrations of Trp, Kyn and
all studied Kyn metabolites of not treated and treated with L-DOPA
patients (data not shown). Therefore, combined data of not-treated
and L-DOPA — treated PD patients were used for the further analysis.
Trp concentrations were lower, and Kyn: Trp ratio was higher in PD
patients than in controls (Table 1). Serum concentrations of Kyn, and
its down-stream metabolites, ANA and KYNA, were approximately
two fold higher than in control subjects (Table 1). 3-HK concentrations
of PD patients were below the sensitivity threshold of the method.
XA concentrations were not different between PD and control group
(11.87 £ 1.3 and 11.74 + 1.25, resp).

Table 1. Tryptophan — kynurenine metabolites in serum of Parkinson’s and Alzheimer’s disease patients.

Trp Kyn Kyn: Trp ANA KYNA 3-HK
Means + sem (uUM) (uM) (x100) (nM) (nM) (nM)
Control 68.9 +2.49 1.76 £ 0.09 2.55+0.14 70.54+£17.9 35.78 £3.59 19.55+3.14
(n=24)
PD 48.56 = 2.4* 2.34+0.11# 4.8240.18* 156.68 + 20.46# 65.97 +7.2# Not detectable
(n=18)
AD 64.64 +3.4 1.77+0.11 2.74+0.15 19.51 +£3.5% 34.35+2.59 27.52 £ 2.3#
(n=20)
*p<0.001 in comparison with all other groups; #) p<0.001 in comparison with control (except for 3HK p=0.04). Unpaired t test with Welch
correction, two tailed.
Abbreviations: Trp: tryptophan; Kyn: kynurenine; KYNA: kynurenic acid; ANA: anthranilic acid; 3-HK: 3-hydroxykynurenine; PD:
Parkinson’s disease; AD: Alzheimer’s disease
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AD patients

ANA serum concentrations were approximately 3 fold lower, and
KYNA concentrations were approximately 40% higher in AD than in
controls (Table 1). XA concentrations were not different between AD
and control group (10.97 £ 1.07 and 11.74 + 1.25, resp).

Discussion

Serum levels of KP metabolites might reflect the activity of their
formation in peripheral organs [4,8]. Notably, KP in fatty tissue
does not express kynurenine-2-monooxygenase (KMO), enzyme
converting Kyn into 3-HK, and, therefore, KYNA and ANA are the
end products of KP in fatty tissue [24].

Literature data suggested increased conversion of Kyn into 3-HK
in PD-related brain structures with consequent formation of neurotoxic
metabolites [4]. Present results suggest an increased conversion of
Kyn into KYNA and ANA in peripheral organs (in difference with KP
in PD-related brain structures [25,26].

In PD patients we confirmed literature data on decreased Trp and
increased Kyn concentrations, and, consequently, increased Kyn: Trp
ratio, suggesting activation of the initial phase of KP, i.e., conversion
of Trp into Kyn [12]. Some discrepancies between literature data
(see Introduction) and present results may depend on studied tissues,
i.e., serum VS plasma VS RBC; and analytical methods; as well as
differences in the other factors potentially affecting KP such as length
of disease and age of patients [2,27].

In PD patients we found as increased (about two-fold) plasma
concentrations of KYNA and ANA. Considering that KYNA, ANA
and 3-HK compete for Kyn as a common substrate in both central and
peripheral organs (Figure 1), our data suggest a shift of down-stream
Kyn metabolism from 3-HK production towards formation of ANA
and KYNA.

Figure 1. Abbreviations: Trp: Tryptophan; Kyn: kynurenine; KYNA: Kynurenic Acid;
ANA: Anthranilic acid; 3-HK: 3-hydroxykynurenine; NAD+: Nicotinamide Adenine Di-
nucleotide
KYNA
Trp—>Kyn 3-HK — = — NAD"

ANA

A. Alzheimer's disease

KYNA

Trp —>Kyn 3-HK = — — NAD"
ANA

B. Parkinson’s disease
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In AD patients, we found no differences in Trp, Kyn concentrations
and Kyn: Trp ratios. Present data are in agreement with the study of
histopathologically confirmed AD and age-matched controls that did
not find changes of Kyn: Trp ratio [16]. We found elevated 3-HK
serum concentration that might suggest decreased availability of Kyn
as a substrate for formation of KYNA and ANA in agreement with
present results of drastic reduction of ANA concentrations. Peripheral
production of ANA deserves further studies, especially considering
significant association of plasma ANA and risk of incident dementia
in Framingham offspring cohort study [22].

Present study suggested different patterns of dysregulation of
the intermediate phase of peripheral KP in PD and AD: increased
formation of KYNA and ANA (and reduced production of 3-HK)
in PD and reduced formation of ANA (and increased production
of 3-HK) in AD (Figure 1). Our data suggest different mechanisms
of KP dysregulation in PD and AD: systemic chronic subclinical
inflammation activating central and peripheral KP in PD, and central,
rather than peripheral, activation of KP in AD triggered by AB | ,,[28].
Notably, there was no association between KP changes and plasma
concentrations of neopterin, KP related marker of inflammation, in
AD patients [16].

Literature and our data suggest that up-regulation of peripheral
KYNA, ANA and Kyn production might contribute to development
of obesity and IR, conditions highly associated with early (contrary
to late) stages of PD [2,27]. KYNA concentrations positively
correlated with BMI in clinical studies [29]. We reported elevation
of blood concentrations of KYNA, ANA and Kyn in Zucker obese
rats (ZFR) [30]. KYNA elevation in obesity may be a consequence
of KMO deficiency in fatty tissue that does not express KMO genes
rending KYNA and ANA as the end products of KP in human fatty
tissue [24]. KYNA, ANA and Kyn might promote the development
of obesity via activation of aryl hydrocarbon receptor (AHR) that
regulates xenobiotic-metabolizing enzymes. ANA, KYNA and Kyn
are the endogenous human AHR ligands [31,32]. Over-activation of
AHR promoted [33] while AHR deficiency protected mice from diet-
induced obesity [34].

PD is highly associated not only with obesity but with IR.
Increased risk of PD among subjects with T2D was independent
from obesity (BMI) [35]. We have previously reported elevation of
serum KYNA and ANA in T2D [36,37] and correlation of Kyn with
HOMA-IR in HCV patients [38]. Metabolomics analysis revealed 1.8
fold increase of urine KYNA in spontaneously and naturally diabetic
rhesus macaques [39]. Successful treatment of IR was associated with
down-regulation of KP, including inhibition of KYNA production
[40]. One of the possible mechanisms of KYNA involvement in
diabetes is activation of G-protein-coupled receptor 35 (GPR35)
located primarily in peripheral, including pancreas, tissues [41].
KYNA is an endogenous agonist of GPR35 [41]. Exogenous GPR35
agonists were patented as agents reducing blood glucose levels in
oral glucose tolerance tests, stimulate glucose uptake in differentiated
3T3-L1 adipocytes [42].

Significance of ANA elevation has been explored only in a few
papers. Serum ANA was positively associated with neopterin, Kyn,



Gregory Oxenkrug (2017) Peripheral Tryptophan — Kynurenine Metabolism Associated with Metabolic Syndrome is Different in Parkinson’s and

Alzheimer’s Diseases

Kyn: Trp ratio, and negatively with Trp in healthy young adults
[43]. ANA was reported to significantly increase glucose uptake and
inhibited '*CO, production from [U-'"“C] glucose in in vitro studies
[44].

On the other hand, AD is characterized by developing of brain
IR [45] while weight loss preceded the diagnosis of dementia
in community-dwelling older adults even after controlling for
other factors associated with weight [46]. It was suggested that
decline in BMI that precedes the diagnosis of AD may be related
to neurodegeneration in areas of the brain involved in homeostatic
weight regulation [1].

Therefore, we suggest that up-regulated peripheral formation
of KYNA, ANA and Kyn contribute to increased risk of PD among
subjects with diabetes, and, that contrary to PD, central, rather than
peripheral, KP dysregulation contribute to association of IR with AD.

Present data warrant further studies of dysregulations of peripheral
KP in PD and AD patients as one of the mechanisms (and potential
biomarkers) of association between neurodegenerative disease and
MetS.
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