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ARTICLE INFO ABSTRACT

Keywords: The aim of this study was to delineate the associations between the tryptophan catabolite (TRYCAT) pathway
Schizophrenia and affective symptoms in schizophrenia. Towards this end we measured immunoglobulin (Ig)A and IgM re-
DePfCSSiO“ sponses to relatively noxious TRYCATSs, namely quinolinic (QA), xanthurenic (XA), picolinic (PA) acid and 3-OH-
Anxiety kynurenine (3HK), and generally protective TRYCATSs, namely anthranilic (AA) and kynurenic (KA) acid in 80
i?ﬂma ;nniation patients with schizophrenia and 40 healthy controls. The Hamilton Rating Scale for Depression (HDRS) and
. . anxiety (HAMA), Young Mania Rating Scale (YMRS) as well as the Positive and Negative Symptoms Scale of
Indoleamine 2,3-dioxygenase i .
Kynurenine Schizophrenia (PANSS) were measured.

Depression, anxiety and hypomanic as well as negative and positive symptoms were associated with increased
IgA responses to PA. Increased IgA responses to XA were associated with anxiety, hypomanic and negative
symptoms. Moreover, depressive, anxiety, hypomanic and negative symptoms were characterized by increased
IgA responses to the noxious (XA + 3HK + QA + PA)/protective (AA + KA) TRYCAT ratio. All symptom di-
mensions were associated with increased IgM responses to QA, while depressive, anxiety, positive and negative
symptoms were accompanied by lowered IgM responses to 3HK. Hypomanic symptoms were additionally ac-
companied by lowered IgM responses to AA, and negative symptoms by increased IgM responses to KA.

In conclusion, both shared and distinct alterations in the activity of the TRYCAT pathway, as well as its
regulatory factors and consequences, may underpin affective and classical psychotic symptoms of schizophrenia.
Increased mucosa-generated production of noxious TRYCATs, especially PA, and specific changes in IgM-
mediated regulatory activities may be associated with the different symptom dimensions of schizophrenia.

1. Introduction

Schizophrenia is a complex psychiatric disorder, which is classically
characterized by different symptom dimensions, including negative
(e.g. anhedonia, social inhibition, alogia, flattened affect, loss of in-
terest and anhedonia), positive (e.g. hallucinations, delusions, hostile
and aggressive behaviors and disorganized thinking), neurocognitive
(e.g. disorders in executive functions, sustained attention, and speed of

processing) and affective symptoms (Andreasen and Olsen, 1982;
Emsley et al., 1999; Lieberman et al., 1991; Mellor, 1991; Lindenmayer
et al., 1995; Van den Oord et al., 2006; Kim et al., 2012). Many patients
with schizophrenia experience affective symptoms, including depres-
sive and anxiety symptoms, which may be secondary to positive and
negative symptoms of schizophrenia (Emsley et al., 1999; Kirschner
et al., 2016) and/or part of an early developmental etiology (Anderson
et al., 2013). Previous work established that depression and anxiety
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symptoms aggregate with negative symptoms and neurocognitive def-
icits, including dysfunctions in visual memory, executive functions,
social cognition and attention (Kanchanatawan et al., 2017c).

A wide array of risk factors may contribute to the neurodevelop-
mental pathophysiology of schizophrenia, including neuro-immune
activators, such as viral and bacterial infections, as well as perinatal and
psychosocial stressors (Smith and Maes, 1995; Davis et al., 2014, 2016).
As well as immune activation, other factors may play a role in the pa-
thophysiology of schizophrenia, including dopaminergic mechanisms,
glutamatergic N-methyl p-aspartate receptor (NMDAr) activity and a
wide array of epigenetic processes, as well as oxidative and nitrosative
stress (O & NS) (Smith and Maes, 1995; Davis et al., 2014, 2016). First-
episode, acute and chronic phases of schizophrenia are commonly ac-
companied by an enhanced immune-inflammatory activity, including
macrophagic M1 activation, coupled to alterations in T helper (Th)1,
Th2 and regulatory T cells (Maes et al., 1994, 1995; Noto et al., 2015a,
2016; Goldsmith et al., 2016).

M1- and Thl-related cytokines, as well as O & NS, may stimulate
indoleamine 2,3-dioxygenase (IDO) which drives tryptophan to the
production of tryptophan catabolites (TRYCATSs), thereby depriving
tryptophan as a necessary precursor for serotonin and melatonin
synthesis, with consequences for mitochondrial functioning (Anderson
and Maes, 2016, 2017). Likewise, stress and the stress hormone, cor-
tisol, can increase tryptophan 2,3-dioxygenease (TDO), which also in-
creases the kynurenine/tryptophan ratio and a number of neuror-
egulatory TRYCATs, including xanthurenic acid (XA), picolinic acid
(PA), quinolinic acid (QA), 3-OH-kynurenine (3HK), anthranilic acid
(AA) and kynurenic acid (KA) (Maes et al., 2011b; Kanchanatawan
et al., 2017a). Levels of some brain TRYCATS, including QA, following
systemic inflammation are in part derived from TRYCATSs in the blood,
including circulating QA, 3HK and especially kynurenine (Kita et al.,
2002). These findings indicate that peripheral TRYCATs may reflect or
otherwise influence central neuro-immune mechanisms, with a wide
array of possible consequences, including neurotoxic or neuroprotec-
tive, pro-inflammatory or anti-inflammatory and oxidative or anti-oxi-
dant properties (Maes et al., 2011b; Kanchanatawan et al., 2017a,
2017b).

Enhanced TRYCAT pathway activity may be evident in schizo-
phrenia, as indicated by lowered tryptophan concentrations and in-
creased concentrations of TRYCATS, including kynurenine, KA, AA and
QA, in plasma, cerebrospinal fluid (CSF) or brain tissues (Lee et al.,
2011; Barry et al., 2009; Krause et al., 2013; Linderholm et al., 2012;
Schwarcz et al., 2001; Miller et al., 2004; Schwieler et al., 2015). An-
other study has indicated a decrease in XA in subgroups of schizo-
phrenia patients (Fazio et al., 2015). Using a new assay of the TRYCAT
pathway that measures plasma immunoglobulin (Ig)A and IgM re-
sponses directed against TRYCATS, it was shown that schizophrenia is
accompanied by increased IgA responses to 3HK and PA and lowered
IgA responses to QA, while deficit schizophrenia was specifically ac-
companied by increased IgA responses to all noxious TRYCATS, namely
QA, PA, XA and 3HK, and lowered self-regulatory IgM-mediated im-
mune responses directed to the same noxious TRYCATSs
(Kanchanatawan et al., 2017a, 2017b). Moreover, negative symptoms
of schizophrenia were significantly associated with increased IgA re-
sponses and lowered IgM responses to noxious TRYCATSs
(Kanchanatawan et al., 2017a, 2017b). Thus, the patterning of IgA
(indicating TRYCAT pathway activation) and IgM (indicating natural,
self-regulation of the TRYCAT pathway) responses directed against
TRYCATs may contribute to the emergence of psychopathological di-
mensions of schizophrenia, including negative symptoms
(Kanchanatawan et al., 2017a, 2017b).

Affective symptoms, including depression, anxiety and hypomania
are accompanied by TRYCAT pathway activation, which was proposed
to be linked to altered affective processing in the amygdala (Anderson,
2011), supported by data showing stress-induced increases in amygdala
QA in preclinical models (Laugeray et al., 2011). Major depressive
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disorder and inflammation-induced depression may be accompanied by
lower peripheral levels of tryptophan and increased levels of TRYCATSs
(Maes et al., 1993, 2011b; Bonaccorso et al., 2000, 2002; Anderson
et al., 2014). Bay-Richter et al. (2014) found that in depression, low-
ered KA was associated with severity of illness. Steiner et al. (2012)
found that increased microglial QA is associated with severe depres-
sion. In adolescents with melancholic depression the kynurenine/tryp-
tophan ratio is elevated (Gabbay et al., 2010). More detailed studies,
however, indicate that TRYCAT pathway activity is more closely asso-
ciated with different psychopathological domains of depression, in-
cluding anxiety or physio-somatic symptoms (formerly known as psy-
chosomatic symptoms, including fatigue, pain, gastro-intestinal
symptoms, somatization) (Hoes, 1979; Maes et al., 2011a; Maes and
Rief, 2012; Anderson et al., 2014; Roomruangwong et al., 2017a,
2017b). Moreover, no significant changes in IgA responses to TRYCATSs
could be detected in perinatal depression, while these IgA responses
were associated with physio-somatic symptoms at the end of term and a
lifetime history of premenstrual syndrome, but not major depression
(Roomruangwong et al., 2017a, 2017b). Anxiety in the early puer-
perium is significantly associated with lowered levels of tryptophan and
increased kynurenine levels (Maes et al., 2002). Evidence also suggests
that anxiety could be significantly linked to the induction of the
TRYCAT pathway, as evidenced by lipopolysaccharide (LPS)-induced
anxiety-like behaviors, which are mediated by IDO induction (Salazar
et al., 2012). In addition, mood dysregulation in the context of bipolar
disorder may be associated with alterations in TRYCAT and melato-
nergic pathways (Anderson et al., 2016), including an association of
mania with increased CSF KA levels (Olsson et al., 2012). Notwith-
standing evidence indicating that TRYCAT pathway activation may
contribute to the pathophysiology of affective disorders, no studies to
date have examined the IgA and IgM responses to TRYCATS in relation
to depressive, anxiety and manic symptoms in individuals with schi-
zophrenia.

Thus, the current study aimed to investigate IgA and IgM responses
to noxious (XA, PA, 3HK, QA) and more protective (AA and KA)
TRYCATSs, in relation to affective symptoms in patients with schizo-
phrenia.

2. Subjects and methods
2.1. Subjects

This is a correlational, cross-sectional study, which recruited Thai
individuals aged 18-65 years of both sexes. Consecutive outpatients
with deficit and nondeficit schizophrenia in a compensated - stabilized
state of illness were recruited at the Department of Psychiatry, Faculty
of Medicine, Chulalongkorn University, Bangkok, Thailand.
Participants were 80 outpatients with schizophrenia, 40 with non-def-
icit schizophrenia and 40 with primary deficit schizophrenia defined
according to The Schedule for the Deficit Syndrome (Kirkpatrick et al.,
1989) all from the same catchment area (Bangkok, Thailand). Deficit/
nondeficit schizophrenia was the primary recruitment criterion, while
DSM-IV-TR or DSM-5 (first versus multiple episodes) diagnoses were
registered. Healthy controls (n = 40) were recruited by word of mouth.
They were apparently healthy normal individuals recruited from the
same catchment population.

Diagnoses were made using the diagnostic criteria for schizo-
phrenia of the DSM-IV-TR employing the validated Thai version of
the Mini-International Neuropsychiatric Interview (M.L.N.L)
(Kittirathanapaiboon and Khamwongpin, 2005). Both patients and
controls were interviewed with the M.I.N.I. Controls were excluded
to participate if a lifetime or current axis I mental disorder, including
schizophrenia, or a family history of schizophrenia was evident. We
excluded schizophrenia individuals with a lifetime diagnosis of axis-I
disorders (DSM-IV-TR) other than schizophrenia, including schi-
zoaffective disorder, unipolar depression, bipolar disorder, anxiety
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disorders such as panic disorder, post-traumatic stress disorder, ob-
sessive compulsive disorder, psycho-organic disorders and substance
use disorders. Furthermore, subjects treated with im-
munomodulatory drugs or nutritional supplements, including anti-
oxidants and w3 polyunsaturated fatty acids, and individuals with
neurologic illness, including multiple sclerosis, Parkinson's disease,
Alzheimer's disorder, and (auto)immune disorders, including rheu-
matoid arthritis, inflammatory bowel disease, chronic obstructive
pulmonary disease, diabetes and psoriasis were excluded. Some pa-
tients were taking psychopharmacological drugs, including haloper-
idol (n = 11), fluphenazine (n = 10), clozapine (n = 10), risper-
idone (n = 34), perphenazine (n = 21), antidepressants (n = 30),
anxiolytics and hypnotics (n = 30) and mood stabilizers (n = 21).
All participants provided written informed consent prior to partici-
pation in this study. The study was conducted according to the Thai
and international ethics and privacy laws. The procedures of these
studies were approved by the Institutional Review Board of the Fa-
culty of Medicine, Chulalongkorn University, Bangkok, Thailand,
which is in compliance with the International Guideline for Human
Research protection, as required by the Declaration of Helsinki, The
Belmont Report, CIOMS Guideline and International Conference on
Harmonization in Good Clinical Practice (ICH-GCP).

2.2. Methods

A clinical interview (BK, a senior psychiatrist) was conducted the
same day blood samplings were drawn. A semi-structured interview
was performed to collect all demographic and clinical data. The fol-
lowing instruments were administered: the Positive and Negative
Syndrome Scale (PANSS) (Kay et al., 1986), Young Mania Rating Scale
(YMRS) (Young et al., 1978), Hamilton Depression (HDRS, Hamilton,
1960) and Anxiety Rating Scales (HAMA, Hamilton, 1959), as well as
the validated Thai version of the Mini-International Neuropsychiatric
Interview (M.LN.L) (Kittirathanapaiboon and Khamwongpin, 2005).
For this study, we used the sums of the positive (PANSS +) and negative
(PANSS —) symptoms of the PANSS. We also used the sums of different
HDRS and HAMA items: a) HDRSd, an index of “pure” depressive
symptoms: sum of item 1 (depressed mood) + item 2 (feelings of guilt)
+ item 3 (suicide); b) HDRSps, an index of physio-somatic symptoms:
sum of HDRS item 11 (anxiety somatic) + item 12 (somatic symptoms,
gastrointestinal) + item 13 (somatic symptoms, general) + item 14
(genital symptoms) + item 15 (hypochondriasis); ¢) HAMAa, an index
of “pure” anxiety symptoms HAMAa: sum of items 1 (anxious mood)
+ item 2 (tension) + item 3 (fears) + item 14 (anxious behavior); and
HAMAPps, an index of physio-somatic-anxiety symptoms: sum of HAMA
items 8 (somatic sensory) + item 9 (cardiovascular symptoms) + item
10 (respiratory symptoms) + item 11 (gastrointestinal symptoms)
+ item 12 (genitourinary symptoms) + item 13 (autonomic symp-
toms). We made the diagnosis of tobacco use disorder (TUD) using
DSM-IV-TR criteria and we used the Fagerstrom Nicotine Dependence
Scale to check severity of nicotine dependence (Heatherton et al.,
1991). Body weight and height were assessed the same day and we
computed body mass index (BMI) as weight (kg) divided by height (in
meters) squared.

On the same day as the clinical interview, blood was sampled at
8.00 a.m. for the assays of plasma TRYCATs. Plasma was stored at
— 80 °C until thawed for assay. Syntheses of TRYCAT conjugates and
ELISA assays were employed to measure immunoglobulin (Ig)M and
IgA levels directed against TRYCATs (Roomruangwong et al., 2017a,
2017b; Duleu et al., 2010; Kanchanatawan et al., 2017a, 2017b). As
detailed previously, the conjugates were synthesized by linking pico-
linic acid (PA), 3-OH-kynurenine (3HK), xanthurenic acid (XA), qui-
nolinic acid (QA), kynurenic acid (KA) and anthranilic acid (AA) to
BSA. We measured optical densities at 450 nm using Varioskan Flash
(Thermo Scientific). All measurements were assayed in duplicate, using
the same batch of antibodies, run by the same technician (SS, a Ph.D. in
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immunology), who was blind to the clinical ratings. All analytical intra-
assays CV values were < 7%. The optical density scores were expressed
as z scores (Roomruangwong et al., 2017b; Duleu et al., 2010).

2.3. Statistics

We employed analyses of contingency tables (X>-tests) to assess
associations among categories and analyses of variance (ANOVAs), or
the non-parametric Kruskal-Wallis test, to check differences in con-
tinuous or ordinal variables between study groups. Protected least
significant differences were used to check differences among diagnostic
groups. Multivariate general linear model (GLM) analyses were em-
ployed to ascertain the multivariate effects of independent variables,
including TRYCATs, on dependent variables, including HDRS, HAMA,
YMRS, PANSS — and PANSS + while adjusting for putative background
variables, including age, sex, education. When significant multivariate
effects are observed, tests for between-subject effects are used to assess
the effects of the significant independent on dependent variables. We
used parameter estimates to ascertain the impact and sign of the asso-
ciation. The patient sample was divided into two relevant groups with
respect to affective symptoms. We computed z unit weighted composite
scores for severity of affective symptoms as the sum of the z values of
the HDRS (zHDRS) + zHAMA + zYMRS and consequently used the
median-split method to obtain two groups of equal size, namely pa-
tients with increased affective symptoms (that is zHDRS
+ zHAMA + zYMRS > median value) versus those with less affective
symptoms (zHDRS + zHAMA + zYMRS < median value). The ratio-
nale is that in our sample of schizophrenia patients and using principal
component (PC) analysis, all three scores were highly loaded on a first
PC, indicating that in schizophrenia there is one general dimension of
affective symptoms forming a spectrum of intertwined depressive, an-
xiety and hypomanic symptoms (results not shown). The participants
were subsequently allocated to three study groups, namely healthy
controls and schizophrenia patients, with lower versus higher affective
scores. Automatic stepwise regression was used to determine the most
significant predictors using IgA and IgM responses directed to TRYCATSs
as well as age, sex and education as explanatory variables and the rating
scale scores as dependent variables. Results of multivariate and uni-
variate regression analyses were checked for multicollinearity em-
ploying tolerance and variance inflation factor. Entered in the statistical
analyses were IgA and IgM responses to the 6 TRYCATs separately. We
have additionally calculated z unit weighted composite scores for the
ratios between noxious (NOX) TRYCATs with increased cytotoxic,
neurotoxic, excitotoxic, and pro-inflammatory and oxidative potential
(PA, XA, QA, 3HK) versus more protective (PRO) TRYCATs (AA and
KA) (Kanchanatawan et al., 2017a, 2017b). IgA and IgM responses to
the NOX/PRO TRYCAT ratio were computed as: a) IgA responses to
NOX/PRO (IgA NOX/PRO) = z value of IgA response to QA (zQA)
+ zPA + zXA + z3HK — zAA — zKA, and b) IgM responses to NOX/
PRO (IgM NOX/PRO) = z value of IgM response to QA (zQA)
+ zPA + zXA + z3HK — zAA — zKA. We have also calculated the A
differences between the IgA (indicating activation) and IgM (indicating
regulation) responses (A zIgA — zIgM) directed to all TRYCATs. For
example, APA was computed as z IgA directed to PA — z IgM value
directed to PA (Kanchanatawan et al., 2017b). Finally, we also used the
A NOX/PRO ratio computed as z IgA NOX/PRO — zIgM NOX/PRO. All
tests were two-tailed and a = 0.05 indicated a statistically significant
effect. All statistical analyses were performed using IBM SPSS Windows
version 22.

3. Results
3.1. Descriptive statistics

Table 1 shows the socio-demographic, clinical and TRYCATs data in
the three study groups, i.e. healthy controls and schizophrenic patients
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Table 1
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Socio-demographic, clinical and biomarker data in healthy controls (HCs) and individuals with schizophrenia (SCZ) divided into those with and without increased depression, anxiety and

hypomanic symptoms ( = DAHSss).

Variables HC? SCZ — DAHss® SCZ + DAHss" F/X? df P
n =40 n =40 n =40
Age (years) 37.4 (12.8) 41.3 (11.0) 40.9 (11.2) 1.37 2/117 0.259

Sex (M/F) 10/307 24/16" 19/21 10.21 2 0.006
Education (years) 14.3 (4.9) 12.6 (3.9) 12.1 (4.4) 2.71 2/117 0.070
TUD (N/Y) 38/2 35/5 40/0 - - -

BMI (kg/mz) 24.0 (4.3) 24.6 (4.8) 24.4 (5.5) 0.13 2/122 0.877
Single/married 26/14° 31/7 36/4" 7.74 2 0.021
No work/work 4/36 18/22° 28/12° 29.90 2 < 0.001
DSM V (single/multiple) - 6/23 4/24 0.40 1 0.525

DSM IVTR (P/D/R) - 25/5/4 25/5/4 0.00 2 1.000
HDRS 0.6 (2.0)" 3.9 (3.3)" 11.0 (5.2)° 79.50 2/117 < 0.001
HAMA 2.6 (5.4)* 5.1 (3.4)* 17.7 (8.8)* 67.07 2/117 < 0.001
YMRS 0.1 (0.5)* 0.8 (1.2)* 3.8 (4.2)° 22.54 2/117 < 0.001
PANSS + 7.0 (0.0)* 10.8 (4.6)" 18.1 (8.2)° 42.90 2/116 < 0.001
PANSS — 7.0 (0.0)* 15.7 (9.1)* 22.9 (10.5)* 39.48 2/116 < 0.001
IgA PA (z score) —0.35 (1.03)* +0.02 (0.86) +0.33 (1.01)" 5.01 2/117 0.008
IgA 3HK (z score) —0.39 (0.85)" +0.08 (0.97)" +0.31 (1.06)" 5.14 2/117 0.005
IgA XA (z score) —0.22 (1.03) —0.04 (0.85) +0.26 (1.07) 2.45 2/117 0.091
IgA QA (z score) +0.03 (1.15) —0.13 (0.78) +0.09 (1.04) 0.52 2/117 0.599
IgA KA (z score) —0.05 (1.13) —0.09 (0.89) +0.14 (0.97) 0.57 2/117 0.570
IgA AA (z score) +0.08 (1.12)* —0.13 (0.81) +0.05 (1.06) 0.51 2/117 0.601
IgA NOX/PRO (z score) —0.96 (1.83)* +0.15 (1.88)" +0.81 (2.06)* 8.65 2/117 < 0.001
IgM PA +0.05 (075) —0.06 (0.94) +0.01 (1.26) 0.13 2/117 0.876
IgM 3HK +0.18 (0.77) —0.12 (0.94) —0.06 (1.23) 1.01 2/117 0.369
IgM XA +0.08 (0.76) —0.10 (0.91) +0.02 (1.27) 0.30 2/117 0.743
IgM QA —0.01 (0.66) —0.06 (0.87) +0.07 (1.36) 0.16 2/117 0.853
IgM KA +0.08 (0.77) —0.08 (0.92) +0.00 (1.27) 0.27 2/117 0.767
IgM AA +0.08 (0.77) —0.04 (1.00) —0.32 (1.20) 0.17 2/117 0.846
IgM NOX/PRO +0.14 (1.39) —-0.21 (1.77) —0.24 (1.87) 0.63 2/117 0.536

All results are shown as mean ( + SD); F: analyses of variance; X* analyses of contingency tables.

TUD: tobacco use disorder.

BMI: body mass index.

HDRS: Hamilton Depression Rating Scale.
HAMA: Hamilton Anxiety Rating Scale.
YMRS: Young Mania Rating Scale.

PANSS +: Positive and Negative Syndrome Scale, sum of the positive symptom subscale.
PANSS —: Positive and Negative Syndrome Scale, sum of the negative symptom subscale.

All IgA and IgM responses directed tryptophan catabolites (TRYCATSs) are expressed as z-scores.
PA: picolinic acid, 3HK: 3-OH-kynurenne, XA: xanthurenic acid, QA: quinolinic acid, KA: kynurenic acid, AA: anthranilic acid.
NOX: noxious TRYCATS with neurotoxic, excitotoxic, inflammatory and oxidative properties, PRO: more protective TRYCATs.

NOX/PRO: z scores PA + 3HK + XA + QA — z scores KA + AA.
@ Results of protected post-hoc tests comparing the three groups.

divided into those with higher, versus lower, zHDRS + zHAMA + -
zYMRS values. We found no significant differences in age, BMI, edu-
cation and TUD between the three study groups. There were significant
differences in the sex-ratio, ratio of single/married and ratio of no
work/employed among the three groups. There were significant dif-
ferences in the affective rating scales between the three groups with
significant higher values in the schizophrenia patients. Furthermore,
the PANSS + and PANSS — values were significantly different between
the three groups and increased from healthy controls to patients with a
lower zHDRS + zHAMA + zYMRS score to those with a higher zHDRS
+ zHAMA + zYMRS score. There were no significant differences in
DSM-V and DSM-IV-TR diagnoses between the two schizophrenia sub-
groups. Table 1 also shows the IgA and IgM responses to the 6 TRYCATSs
as well as the NOX/PRO ratio. IgA responses to PA were significantly
higher in patients with more affective symptoms than in controls. IgA
responses to 3HK and NOX/PRO ratio were significantly higher in both
schizophrenia subgroups, as compared to controls. There were no sig-
nificant differences in the IgM responses between the three study
samples. We did not employ p-corrections to evaluate these univariate
tests as these tests, as well as the Pearson and point-biserial correlation
matrices between the variables, were used to delineate the variables to
be used as predictors in the ultimate multivariate regression analyses.

3.2. Association between symptom profiles and IgA responses to TRYCATs

Table 2 shows the results of three different multivariate GLM ana-
lyses with the HDRS, HAMA, YMRS, PANSS + and PANSS — scores as
dependent variables and IgA responses to TRYCATs as explanatory
variables, while adjusting for background variables. Regression #1
shows that IgA responses to PA, 3HK, QA and AA had significant effects
on the five rating scale scores after adjusting for sex and education (age
was not significant in this equation). Tests for between-subjects effects
showed that the HDRS score was associated with higher IgA responses
to PA and 3HK but lowered IgA responses to AA. HAMA, YMRS and
PANSS + scores were associated with higher IgA responses to PA.
PANSS — scores were predicted by increased IgA responses to QA and
PA and lowered IgA responses to AA.

Regression #2 shows that IgA responses directed to XA had a sig-
nificant effect on the five rating scales, after controlling for education
and sex, which are not shown in this table as similar to regression #1.
Tests for between-subject effects showed that increased IgA responses
to XA are related to HAMA, YMRS and PANSS — score. Regression #3
shows a significant effect of IgA responses to the NOX/PRO ratio on the
five rating scales, while the between-subject effects show significant
univariate associations between IgA NOX/PRO responses and HDRS,
HAMA, YMRS and PANSS — scores.
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Table 2
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Results of multivariate GLM analysis with five clinical rating scales as dependent variables and IgA responses to tryptophan catabolites (TRYCATS) as explanatory variables.

Type test Dependent variables Explanatory variables F df p Partial eta squared
Multivariate = 1 HDRS, HAMA, YMRS, IgA PA 3.28 5/106 0.009 0.134
PANSS +, PANSS — IgA 3HK 3.54 5/106 0.005 0.143
IgA QA 2.72 5/106 0.024 0.114
IgA AA 2.85 5/106 0.019 0.118
Sex 2.45 5/106 0.039 0.103
Education 2.65 5/106 0.027 0.111
Between-subject effects HDRS IgA PA (+) 11.75 1/110 0.001 0.097
IgA 3HK (+) 9.31 1/110 0.003 0.078
IgA AA (—) 7.92 1/110 0.006 0.067
Education 11.97 1/110 0.001 0.098
HAMA IgA PA (+) 6.33 1/110 0.013 0.054
Education 4.40 1/110 0.038 0.038
YMRS IgA PA (+) 7.60 1/110 0.007 0.065
PANSS + IgA PA (+) 6.63 1/110 0.011 0.057
PANSS — Sex M > F) 6.42 1/110 0.013 0.055
IgA PA (+) 7.59 1/110 0.007 0.065
IgA QA (+) 5.86 1/110 0.017 0.051
IgA AA () 11.21 1/110 0.001 0.092
Education 9.84 1/110 0.002 0.082
Sex 6.42 1/110 0.013 0.055
Multivariate = 2 HDRS, HAMA, YMRS, IgA XA 3.78 5/111 0.013 0.145
PANSS +, PANSS — 2
Between-subject effect HAMA IgA XA (+) 3.96 1/115 0.049 0.032
YMRS IgA XA (+) 6.14 1/115 0.015 0.051
PANSS — IgA XA (+) 9.23 1/115 0.003 0.074
Multivariate = 3 HDRS, HAMA, YMRS, IgA NOX/PRO 5.42 5/111 < 0.001 0.196
PANSS +, PANSS —
Between-subject effect HDRS IgA NOX/PRO 12.86 1/115 < 0.001 0.061
HAMA IgA NOX/PRO 8.17 1/115 0.003 0.072
YMRS IgA NOX/PRO 9.66 1/115 0.002 0.077
PANSS — IgA NOX/PRO 14.76 1/115 < 0.001 0.114

HDRS: Hamilton Depression Rating Scale; HAMA: Hamilton Anxiety Rating Scale; YMRS: Young Mania Rating Scale.

PANSS +: Positive and Negative Syndrome Scale, sum of the positive symptom subscale.
PANSS —: Positive and Negative Syndrome Scale, sum of the negative symptom subscale.

Tryptophan catabolites (TRYCATSs) data are IgA responses to picolinic acid (PA), 3-OH-kynurenine (3HK), quinolinic acid (QA), anthranilic acid (AA) and xanthurenic acid (XA).
NOX: noxious TRYCATS with neurotoxic, excitotoxic, inflammatory and oxidative properties, PRO: more protective TRYCATs.

NOX/PRO: z scores PA + 3HK + XA + QA — z scores KA + AA.

3.3. Possible effects of confounding variables

No significant effects of age (F = 0.25, df = 5/105, p = 0.938) or
TUD (F = 0.67, df = 5/105, p = 0.647) were found. Significant effects
of the drug state of the patients on the 5 rating scales were evident,
namely haloperidol (n = 11, F = 7.92, df = 5/103, p < 0.001), flu-
phenazine (n = 10, F = 3.22, df = 5/103, p = 0.010) and anxiolytics
and hypnotics (n = 30, F = 5.84, df = 5/103, p < 0.001). The use of
haloperidol was significantly associated with higher ratings on the
YMRS and PANSS —, fluphenazine with higher PANSS + ratings and
anxiolytics with higher HAMA, HDRS and PANSS — ratings, thereby
indicating that patients with a more severe psychopathology were more
often treated with these drugs. The effects of the TRYCATs, however,
were not affected, namely IgA responses to PA (F = 4.34, df = 5/103,
p = 0.001), 3HK (F = 3.41, df = 5/103, p = 0.007), QA (F = 2.92,
df = 5/103,p = 0.017) and AA (F = 3.27,df = 5/103, p = 0.009). No
effects of other psychotropic drugs could be found, namely clozapine
(n =10, F =1.94, df = 5/102, p = 0.094), risperidone (n = 34,
F = 1.73, df = 5/102, p = 0.134), perphenazine (n = 21, F = 0.49,
df = 5/102, p = 0.784), antidepressants (n = 30, F = 2.10, df = 5/
102, p = 0.071) and mood stabilizers (n = 21, F = 2.05, df = 5/102,
p = 0.079). Moreover, there were no significant effects of the psycho-
pharmacological drug treatment on the 6 IgA responses to TRYCATs
and NOX/PRO ratio, e.g. haloperidol (F =1.75, df = 6/108,
p = 0.116), fluphenazine (F = 0.35, df = 6/108, p = 0.911) and an-
xiolytics or hypnotics (F = 1.31, df = 6/108, p = 0.257).

3.4. Association between symptom profiles and IgM responses to TRYCATs

Table 3 shows the outcome of three multivariate GLM analyses, with
the five rating scales as dependent variables and the IgM responses to
TRYCATSs as explanatory variables, while adjusting for sex and educa-
tion (age was not significant). Regression #1 shows that IgM responses
to QA and 3HK have significant effects on the 5 rating scales, while tests
for between-subject effects showed that HDRS, HAMA, PANSS + and
PANSS — scores are associated with increased IgM responses to QA and
lowered responses to 3HK. We again checked whether putative back-
ground variables could have any significant effect and therefore we
added to regression 1, the use of haloperidol, fluphenazine and anxio-
lytics or hypnotics and found no changes in impact of IgM responses
directed against QA (F = 3.60, df = 5/106, p = 0.005) and 3HK
(F = 3.64, df = 5/106, p = 0.004) on the rating scale scores. Also
entering age, TUD, use of clozapine, risperidone, perphenazine, anti-
depressants and mood stabilizers did not change the results. Also, no
significant effects of the drug state of the patients on the IgM responses
to QA and 3HK (as dependent variables) were evident.

Table 3 (regression #2) shows that there were significant effects of
IgM responses to KA and 3HK on the rating scale scores (with an
equivalent result using the combination of 3HK and QA). Tests for be-
tween-subject effects show that IgM response directed to KA was po-
sitively associated with PANSS — score. Multivariate regression #3
shows that IgM response to NOX/PRO ratio was significantly and in-
versely associated with PANSS — scores.
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Table 3
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Results of multivariate GLM analysis with five clinical rating scales as dependent variables and IgM responses to tryptophan catabolites (TRYCATS) as explanatory variables.

Type test Dependent variables Explanatory variables F df p Partial eta squared
Multivariate = 1 HDRS, HAMA, YMRS, PANSS +, PANSS — IgM QA 3.27 5/109 0.009 0.130
IgM 3HK 4.87 5/109 < 0.001 0.183
Education 4.10 5/109 0.002 0.158
Sex 3.26 5/109 0.009 0.130
Between-subject effects HDRS IgM QA (+) 8.46 1/113 0.004 0.070
IgM 3HK (+) 13.59 1/113 < 0.001 0.107
Education (—) 16.11 1/113 < 0.001 0.125
HAMA IgM QA (+) 6.91 1/113 0.010 0.058
IgM 3HK (—) 7.73 1/113 0.006 0.064
Education (—) 6.66 1/113 0.011 0.056
PANSS + IgM QA (+) 6.61 1/113 0.011 0.055
PANSS — IgM 3HK (-) 4.72 1/113 0.032 0.040
Education (—) 5.35 1/113 0.023 0.045
Sex (M > F) 12.26 1/113 0.001 0.098
IgM QA (+) 15.10 1/113 < 0.001 0.118
IgM 3HK (—) 23.52 1/113 < 0.001 0.172
Education (—) 17.41 1/113 < 0.001 0.133
Sex (M > F) 5.19 1/113 0.025 0.044
Multivariate = 2 HDRS, HAMA, YMRS, PANSS +, PANSS — IgM 3HK 5.15 5/109 < 0.001 0.191
IgM KA 3.29 5/109 0.008 0.131
Between-subject effects HDRS IgM 3HK (-) 5.68 1/113 0.019 0.048
PANSS — IgM 3HK (—) 21.83 1/113 < 0.001 0.162
IgM KA (+) 14.71 1/113 < 0.001 0.115
Multivariate = 3 HDRS, HAMA, YMRS, PANSS +, PANSS — IgM NOX/PRO 3.66 5/110 0.004 0.143
Between-subject effects PANSS — IgM NOX/PRO (—) 5.56 1/114 0.020 0.046

HDRS: Hamilton Depression Rating Scale.

HAMA: Hamilton Anxiety Rating Scale.

YMRS: Young Mania Rating Scale.

PANSS +: Positive and Negative Syndrome Scale, sum of the positive symptom subscale.
PANSS —: Positive and Negative Syndrome Scale, sum of the negative symptom subscale.

TRYCATSs data are IgM responses to quinolinic acid (QA), 3-OH-kynurenine (3HK) and kynurenic acid (KA).
NOX: noxious TRYCATS with neurotoxic, excitotoxic, inflammatory and oxidative properties, PRO: more protective TRYCATs.

NOX/PRO: z scores PA + 3HK + XA + QA — z scores KA + AA.

3.5. Association between symptom profiles and A IgA-IgM responses to
TRYCATs

Table 4 shows the associations between the five rating scales and
the A IgA — IgM responses. The best prediction of the rating scales was
obtained for the regression on A3HK and AQA responses (while ad-
justing for sex and education). Tests for between-subject effects showed
that ABHK was significantly and positively associated with HDRS,
HAMA, and PANSS — scores, while AQA was significantly and inversely
associated with HDRS, HAMA and PANSS + scores. Regressions #2 and
#3 show that also APA and AXA are significantly associated with the
five rating scales when entered alone (due to multicollinearity these
TRYCATs do not show cumulative effects). APA was significantly and
positively associated with HDRS, YMRS and PANSS — scores, while
AXA is significantly associated with the HDRS and PANSS — score.
Multivariate regression #4 shows that the ANOX/PRO responses were
significantly and positively associated with the HDRS, HAMA and
PANSS — scores.

3.6. Association between HDRS and HAMA subscales and IgA/IgM
responses to TRYCATs

Table 5 shows the associations between the subscales HDRSd,
HDRSps, HAMAa and HAMAps and YMRS, PANSS + and PANSS — as
dependent variables and the IgA and IgM responses to TRYCATs as
explanatory variables. The aim of regression #1 was to delineate the
most significant IgA and IgM predictors of the seven rating scales, and
the aim of regression #2 was to delineate the most important A pre-
dictors of the seven rating scales. Regression #1 shows that the IgA
responses to PA (positively) and AA (inversely) were associated with

the seven rating scale scores, whereas IgM responses to the NOX/PRO
ratio were significantly and inversely associated with the PANSS —
score. Introducing age, TUD and the drug state variables did not change
the significance levels of these TRYCAT variables. Regression #2 shows
that ASHK and AQA values were significantly associated with the seven
rating scale scores. ASHK values were significantly and positively as-
sociated with HDRSd, HDRSps, HAMAa, HAMAps and PANSS — rating
scale scores. AQA values were significantly and inversely associated
with HDRSps and PANSS + scores.

3.7. Results of univariate regression analyses

In order to further explore the possible associations between the
distinct psychopathological dimensions and TRYCATSs, an automatic
stepwise regression analyses was performed with the rating scales as
dependent variables and the IgA/IgM responses to TRYCATS, age, sex,
education, TUD and the medication as independent variables. Table 6
shows that 34.7% of the variance in HDRS was explained by the re-
gression on IgA to 3HK and IgA to PA (both positively), IgA to AA and
IgM to 3HK (both negatively) and education. HDRSd was not sig-
nificantly predicted by any of the TRYCAT values. HDRSps on the other
hand was predicted by IgA to 3HK and IgA to PA (both positively) and
IgA to AA (inversely). 13.6% of the variance in HAMA was explained by
the regression on IgA to PA (positive), IgA to AA (negative) and edu-
cation. HAMAa was predicted by IgA to PA (positive) and IgA to QA
(negative), while HAMAps was predicted by IgA responses to XA (po-
sitive) and to AA (inversely). 31.3% of the variance in YMRS was ex-
plained by a combination of IgA and IgM data. Furthermore, PANSS +
and PANSS — rating scores were differently predicted by IgA and IgM
data, with IgM responses to QA (positively) and 3HK (negatively) being
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Table 4
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Results of multivariate GLM analysis with five clinical rating scales as dependent variables and IgA - IgM responses to tryptophan catabolites (TRYCATS) as explanatory variables.

Type test Dependent variables Explanatory variables F df p Partial eta squared
Multivariate =1 HDRS, HAMA, YMRS, PANSS +, PANSS — A3HK 5.93 5/109 < 0.001 0.214
AQA 4.54 5/109 0.001 0.174
Education 4.19 5/109 0.002 0.161
Sex 2.75 5/109 0.022 0.112
Between-subject effects HDRS A3HK (+) 26.51 1/113 < 0.001 0.190
AQA (-) 11.74 1/113 0.001 0.094
Education (—) 19.59 1/113 < 0.001 0.148
HAMA A3HK (+) 9.19 1/113 0.003 0.075
AQA (-) 5.10 1/113 0.026 0.043
Education (—) 7.56 1/113 0.007 0.063
PANSS + AQA (-) 4.71 1/113 0.032 0.040
PANSS — Education (—) 5.72 1/113 0.018 0.048
Sex M > F) 9.30 1/113 0.003 0.076
A3HK (+) 5.52 1/113 0.021 0.047
Education (—) 14.47 1/113 < 0.001 0.113
Multivariate = 2 HDRS, HAMA, YMRS, PANSS +, PANSS — APA 5.53 5/110 < 0.001 0.202
Between-subject effects HDRS APA (+) 6.61 1/114 0.011 0.055
YMRS APA (+) 4.20 1/114 0.043 0.036
PANSS — APA (+) 11.85 1/114 0.001 0.094
Multivariate =3 HDRS, HAMA, YMRS, PANSS +, PANSS — AXA (+) 5.12 5/110 < 0.001 0.189
Between-subject effects HDRS AXA (+) 7.8112.79 1/114 0.006 0.064
PANSS — AXA (+) 1/114 0.001 0.101
Multivariate = 4 HDRS, HAMA, YMRS, PANSS +, PANSS — ANOX/PRO 7.08 5/110 < 0.001 0.243
Between-subject effects HDRS ANOX/PRO (+) 15.10 1/114 < 0.001 0.117
HAMA ANOX/PRO (+) 5.12 1/114 0.026 0.043
PANSS — ANOX/PRO (+) 20.28 1/114 < 0.001 0.151

HDRS: Hamilton Depression Rating Scale.

HAMA: Hamilton Anxiety Rating Scale.

YMRS: Young Mania Rating Scale.

PANSS +: Positive and Negative Syndrome Scale, sum of the positive symptom subscale.
PANSS —: Positive and Negative Syndrome Scale, sum of the negative symptom subscale.

TRYCATs data are AIgA — IgM responses to quinolinic acid (QA), 3-OH-kynurenine (3HK), picolinic acid (PA), xanthurenic acid (XA) and NOX/PRO ratio.
NOX: noxious TRYCATS with neurotoxic, excitotoxic, inflammatory and oxidative properties, PRO: more protective TRYCATSs.

NOX/PRO: z scores PA + 3HK + XA + QA — z scores KA + AA.

associated with PANSS + and IgA responses to PA (positively) and AA
(negatively) and IgM responses to 3HK (negatively) and KA (positively)
being associated with PANSS — symptoms.

4. Discussion

The main finding of this study is that TRYCATSs simultaneously ex-
plain part of the variance in depressive, anxiety and hypomanic
symptom dimensions, as well as positive and negative symptoms in
schizophrenia. This is a first study to show significant associations be-
tween affective symptom dimensions in schizophrenia and peripheral
IgA and IgM responses directed against TRYCATS, including the ratio of
noxious/more protective TRYCATs and the IgA — IgM responses to
TRYCATSs and noxious/protective TRYCAT ratio. The latter ratio offers
an index for the neurotoxic + excitotoxic + cytotoxic + pro-in-
flammatory + pro-nitro-oxidative (i.e. QA, PA, XA and 3HK) versus the
more neuro-protective TRYCATs, AA and KA (Kanchanatawan et al.,
2017a, 2017b). AIgA — IgM values indicate the ratio of IgA to IgM
responses and, therefore, the net activation state of TRYCATs (including
noxious/protective ratio), with IgA values reflecting TRYCAT activity
levels and IgM values (probably) indicating regulatory activity
(Kanchanatawan et al., 2017b). Regulatory activity is part of the
“compensatory (anti)inflammatory reflex system” (CIRS) (Maes et al.,
2012; Kanchanatawan et al., 2017b), which is mounted during acute
and chronic immune-inflammatory responses and is characterized by
reflex counter-regulation with negative immune-regulatory and anti-
inflammatory effects, which tends to attenuate an overzealous in-
flammatory response (Maes et al., 2012). Natural IgM isotype mediated
responses are a major component of the CIRS (Schwartz-Albiez et al.,
2009; Stahl and Sibrowski, 2003; Maes et al., 2006, 2013).

The current study has identified the TRYCAT patterns that could be
more closely associated with specific symptom dimensions of schizo-
phrenia (see Fig. 1). Notably, all five dimensions were significantly
associated with IgA responses to PA, noxious/protective ratio (except
positive symptoms) and/or XA (except positive and depressive symp-
toms), suggesting that increased activity of noxious TRYCATSs may drive
different domains of schizophrenia-related psychopathology. Im-
portantly, all four noxious TRYCATS (namely QA, XA, PA and 3HK)
have neurotoxic effects (Kanchanatawan et al., 2017a, 2017b), while
three of these show excitotoxic effects (namely QA, 3HK and XA). QA,
3HK and PA additionally activate oxidative pathways, while PA and QA
activate different aspects of nitro-oxidative, nitrosative and immune-
inflammatory pathways (Bosco et al., 2000; Braidy et al., 2009;
Kanchanatawan et al., 2017a, 2017b; Maes et al., 2007, 2011b; Morris
et al., 2016). AA and KA, on the other hand, display antioxidant and
negative immune regulatory effects and thus lowered levels of these
TRYCATs may increase vulnerability to noxious effects of the other
TRYCATs measured here. Importantly, plasma levels of noxious
TRYCATsS, including QA, 3HK and kynurenine, partly determine brain
levels of noxious TYCATS, such as QA (Kita et al., 2002), indicating that
changes in their peripheral levels may have consequences for central
neuro-immune and neuroprogressive processes, including disrupting
neuronal circuits and impairing neurogenesis, neuroplasticity and
neuronal functioning (Morris et al., 2016). As such, increased levels of
noxious TRYCATs and lowered levels of protective TRYCATs may
contribute to overall psychopathology, including negative and positive
symptoms of schizophrenia (Davis et al., 2014), negative symptoms and
deficit schizophrenia (Kanchanatawan et al.,, 2017a), depressive
symptoms (Maes et al., 2011b), hypomanic symptoms (Berk et al.,
2011) and anxiety symptoms (Perna et al., 2016).
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Table 5
Results of multivariate GLM analysis with seven clinical rating scales as dependent variables and IgA or IgM responses directed to tryptophan catabolites (TRYCATs) as explanatory
variables.

Type test Dependent variables Explanatory variables F df p Partial eta squared
Multivariate =1 HDRSd, HDRSps, HAMAa, HAMAps, IgA PA 4.65 7/106 < 0.001 0.235
YMRS, PANSS +, PANSS — IgA AA 2.33 7/106 0.030 0.133
IgM NOX/PRO 2.92 7/106 0.008 0.162
Between-subject effects HDRSps IgA PA (+) 17.53 1/112 < 0.001 0.135
IgA AA (-) 13.74 1/112 < 0.001 0.109
HAMAa IgA PA (+) 7.81 1/112 0.006 0.065
HAMAps IgA AA () 4.15 1/112 0.044 0.036
IgA PA (+) 9.74 1/112 0.002 0.080
IgA AA (-) 5.16 1/112 0.025 0.044
YMRS IgA PA (+) 16.17 1/112 < 0.001 0.126
PANSS + IgA AA (—) 4.67 1/112 0.033 0.040
PANSS — IgA PA (+) 9.31 1/112 0.003 0.077
IgA AA (-) 7.69 1/112 0.007 0.064
IgA PA (+) 15.76 1/112 < 0.001 0.123
IgA AA (-) 6.02 1/112 0.016 0.051
IgM NOX/PRO (—) 5.80 1/112 0.018 0.049
Multivariate =2 HDRSd, HDRSps, HAMAa, HAMAps, A3HK 2.66 7/107 0.014 0.148
YMRS, PANSS +, PANSS — AQA 211 7/107 0.049 0.121
Between-subject effects HDRSd A3HK (+) 9.64 1/113 0.002 0.079
HDRSps A3HK (+) 16.91 1/113 < 0.001 0.130
AQA (-) 8.09 1/113 0.005 0.067
HAMAa A3HK (+) 5.40 1/113 0.022 0.046
HAMAps A3HK (+) 6.42 1/113 0.013 0.054
PANSS + AQA (-) 4.71 1/113 0.031 0.040
PANSS — A3HK (+) 5.52 1/113 0.021 0.047

HDRS: Hamilton Depression Rating Scale; HAMA: Hamilton Anxiety Rating Scale; YMRS: Young Mania Rating Scale.
HDRSd: an index of “pure” depressive symptoms computed as sum of item 1 (depressed mood) + item 2 (feelings of guilt) + item 3 (suicide).
HDRSps: an index of physio-somatic symptoms, computed as sum of HDRS item 11 (anxiety somatic) + item 12 (somatic symptoms, gastrointestinal) + item 13 (somatic symptoms,

general) + item 14 (genital symptoms) + item 15 (hypochondriasis).

HAMAa: an index of “pure” anxiety symptoms computed as sum of items 1 (anxious mood) + item 2 (tension) + item 3 (fears) + item 14 (anxious behavior).
HAMAps: an index of physio-somatic anxiety symptoms computed as sum of HAMA items 8 (somatic sensory) + item 9 (cardiovascular symptoms) + item 10 (respiratory symptoms)
+ item 11 (gastrointestinal symptoms) + item 12 (genitourinary symptoms) + item 13 (autonomic symptoms).

PANSS +: Positive and Negative Syndrome Scale, sum of the positive symptom subscale.
PANSS —: Positive and Negative Syndrome Scale, sum of the negative symptom subscale.

Tryptophan catabolites (TRYCATSs) data are IgA, IgM or AIgA — IgM responses to picolinic acid (PA), 3-OH-kynurenine (3HK), anthranilic acid (AA), quinolinic acid (QA) or the NOX/

PRO ratio.

NOX: noxious TRYCATS with neurotoxic, excitotoxic, inflammatory and oxidative properties, PRO: more protective TRYCATs.
NOX/PRO: z scores PA + 3HK + XA (xanthurenic acid) + QA — z scores KA (kynurenic acid) + AA.

Previously, some reports showed significant associations between
severity of affective rating scores and lowered plasma tryptophan
coupled with increased levels of the noxious TRYCAT kynurenine (Maes
et al.,, 2011b). For example, in the puerperium, mild increases in de-
pression and anxiety scores, reminiscent of postnatal blues, are sig-
nificantly associated with both lower tryptophan and increased ky-
nurenine (Maes et al, 2001, 2002). During interferon-a-based
immunotherapy, the development of depressive symptoms is sig-
nificantly associated with lower tryptophan and increased kynurenine
levels (Bonaccorso et al., 2000, 2002; Machado et al., 2017). In HIV-
positive patients, there is a significant correlation between severity of
depression and both lower plasma tryptophan and increased kynur-
enine/tryptophan ratio (reflecting IDO activity) (Martinez et al., 2014).
Hoes (1979) observed significant positive correlations between anxiety
and XA concentrations following loading with 5g r-tryptophan.
Nevertheless, our findings in schizophrenia are difficult to compare
with previous findings because in the current study participants with
current and life-time diagnoses of major depression, dysthymic dis-
order, bipolar disorder, schizo-affective disorder and anxiety disorders
were excluded. In addition, Table 1 shows that the mean HDRS, HAMA
and YMRS scores monitored in our schizophrenia patients are lower
than values obtained in acute major depression, severe anxiety dis-
orders or acute mania. Moreover, in the current study we measured
IgA/IgM responses to TRYCATSs, whereas previous studies examined
TRYCAT levels in plasma, cerebrospinal fluid and the brain. The mea-
surement of plasma IgA/IgM levels responses to conjugated TRYCATS is

probably a more adequate method than measuring their peripheral
concentrations because assaying IgA responses indicates how the im-
mune system perceives TRYCAT pathway activity, while measuring IgM
responses to TRYCATSs indicates self-regulatory activity, which tends to
restrain overactivation of this pathway (Kanchanatawan et al., 2017b).
Moreover, assays of peripheral IgA responses to TRYCATs may provide
a window to pathophysiological events in the brain as plasma levels of
TRYCATSs partly determine brain concentrations (Kita et al., 2002) and
IgA + plasma cells are present in the brain with intrathecal IgA being
synthesized in neuroinflammatory disorders, including multiple
sclerosis, and central nervous system infections (Bonnan, 2016). Inter-
estingly, increased plasma IgA responses measured here may have a
mucosal origin related to gut permeability (Roomruangwong et al.,
2017a). Previous work, in both pregnant and non-pregnant women,
shows that IgA responses to TRYCATSs were significantly and positively
related to IgA/IgM responses to antigens and LPS of gram-negative
commensal bacteria (Roomruangwong et al., 2017a), whilst it is known
that gut-derived inflammation following gluten sensitivity (as measured
with anti-gliadin IgG autoantibodies) could contribute to TRYCAT
pathway activation (as measured with the kynurenine/tryptophan
ratio) in schizophrenia (Okusaga et al., 2016). It is also of note that
alterations in gut microbiota and permeability are associated with
changes in the activity of a number of brain regions, including the
amygdala (Fernandez-Real et al., 2015), which is a brain nuclei that is
classically linked to mood/affective regulation, including in schizo-
phrenia (Anderson, 2011).
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Results of stepwise, automatic linear regression analyses with clinical rating scale scores as dependent variables and IgA and IgM responses directed to tryptophan catabolites (TRYCATS),

education, age and sex as explanatory variables.

Dependent variables Explanatory variables R? (%) F df P

HDRS IgA PA (t = +4.01, p < 0.001) 34.7 12.12 5/114 < 0.001
IgA 3HK (t = +3.13, p = 0.002)
IgA AA (t = —5.17,p < 0.001)
IgM 3HK (t = —2.07, p = 0.040)
Education (t = —3.76,p < 0.001)

HDRSps IgA PA (t = +3.51, p = 0.001) 23.6% 8.90 4/115 < 0.001
IgA 3HK (t = + 2.46, p = 0.016)
IgA AA (t = —4.52,p < 0.001)
Education (t = —2.72, p = 0.008)

HAMA IgA PA (t = + 3.45, p = 0.001) 13.6% 6.10 3/116 0.001
IgA AA (t = —2.80, p = 0.006)
Education (t = —1.94, p = 0.055)

HAMAa IgA PA (t = + 3.45, p = 0.001) 9.4% 6.06 2/117 0.003
IgA QA (t = — 2.67,p = 0.012)

HAMAps IgA XA (t = +3.87,p < 0.001) 15.8% 7.24 3/116 < 0.001
IgA AA (t = —3.04, p = 0.003)
Education (t = —2.50, p = 0.014)

YMRS IgA PA (t = +4.60, p < 0.001) 31.3% 13.12 4/115 < 0.001
IgA QA (t = —2.81, p = 0.006)
IgM AA (t = —3.96,p < 0.001)
IgM QA (t = +4.80,p < 0.001)

PANSS + IgM QA (t = +3.80,p < 0.001) 22.6% 8.33 4/114 < 0.001
IgM 3HK (t = —2.82, p = 0.006)
Education (t = —2.34, p = 0.021)
Sex (t = — 3.55, p = 0.001)

PANSS — IgA PA (t = +3.23, p = 0.002) 36.1% 10.54 6/112 < 0.001

IgA AA (t = —2.09, p = 0.039)
IgM 3HK (t = —3.92, p < 0.001)
IgM KA (t = + 3.19, p = 0.001)
Education (t = —3.29, p = 0.001)
Sex (t = —2.05, p = 0.043)

HDRS: Hamilton Depression Rating Scale; HAMA: Hamilton Anxiety Rating Scale; YMRS: Young Mania Rating Scale.
HDRSps: an index of physio-somatic symptoms, computed as sum of HDRS item 11 (anxiety somatic) + item 12 (somatic symptoms, gastrointestinal) + item 13 (somatic symptoms,

general) + item 14 (genital symptoms) + item 15 (hypochondriasis).

HAMAa: an index of “pure” anxiety symptoms computed as sum of items 1 (anxious mood) + item 2 (tension) + item 3 (fears) + item 14 (anxious behavior).
HAMAps: an index of physio-somatic anxiety symptoms computed as sum of HAMA items 8 (somatic sensory) + item 9 (cardiovascular symptoms) + item 10 (respiratory symptoms)
+ item 11 (gastrointestinal symptoms) + item 12 (genitourinary symptoms) + item 13 (autonomic symptoms).

PANSS +: Positive and Negative Syndrome Scale, sum of the positive symptom subscale.
PANSS —: Positive and Negative Syndrome Scale, sum of the negative symptom subscale.

TRYCATSs are shown as IgA and IgM responses to picolinic acid (PA), 3-OH-kynurenine (3HK), xanthurenic acid (XA), anthranilic acid (AA), quinolinic acid (QA) and kynurenic acid (KA).

Overall, the findings of this paper support the theory that patients
with schizophrenia are primed to develop depression through activa-
tion of immune-inflammatory and oxidative stress pathways, including
the TRYCAT pathway (Anderson et al., 2013). Moreover, the current
results suggest that patients with schizophrenia may also be primed to
develop anxiety and hypomanic symptoms, which could at least in part
be explained by aberrations in the same pathway. Affective symptoms
in schizophrenia have been suggested to be secondary to positive
symptoms rather than negative symptoms, although results are mixed
(Emsley et al., 1999; Kirschner et al., 2016). The current study, how-
ever, shows that all five measured symptom dimensions of schizo-
phrenia are associated with TRYCAT pathway alterations, suggesting
that TRYCATs and their antecedents (pro-inflammatory cytokines,
stress and nitro-oxidative processes) as well as their consequences to
neuronal-glia functioning, are important mediators of an array of pro-
cesses underpinning the pathophysiology of schizophrenia. This would
suggest that affective symptoms in schizophrenia are not necessarily
secondary to negative or positive symptoms but rather may have a
common underlying pathophysiology.

The second major finding of this study indicates that the affective
symptom dimensions and positive and negative symptoms of schizo-
phrenia are associated with changes in IgM-mediated immune re-
sponses to TRYCATS. Firstly, increased IgM responses to QA were as-
sociated with all five symptom dimensions. QA is one of the most potent
neurotoxic TRYCATS, with potent excitotoxic, inflammatory and nitro-

oxidative properties, thereby likely leading to mitochondrial dysfunc-
tion and the induction of apoptotic or cell death pathways (Lugo-
Huitrén et al., 2013; Maes et al., 2007; Morris et al., 2016). Increasing
IgM responses to QA are associated with overall pathophysiology,
which could indicate increased counter-regulation thereby attenuating
the neurotoxic effects of QA. Lowered IgM responses to 3HK in asso-
ciation with anxiety, depression and negative symptoms would indicate
a lowered negative feedback on 3HK production, thereby driving the
significant correlations between A3HK values and depression, anxiety
and negative symptoms in schizophrenia patients. 3HK and AA can also
have direct impacts on mitochondrial functioning (Baran et al., 2016),
including in interaction with other factors linked to TRYCATSs regula-
tion and effects, including the alpha 7 nicotinic receptor, aryl hydro-
carbon receptor and melatonergic pathways (Anderson and Maes, 2016,
2017). As such, the data presented here will be highly correlated with
wider biochemical changes that are relevant to basic cellular func-
tioning. Interestingly, major depression is accompanied by increased
IgM responses to various oxidatively modified membrane components,
including MDA, azelaic acid and oleic acid indicating that a natural
autoimmune responses in mounted against oxidative damaged cells
(Maes et al., 2006, 2013). Thus, it appears that natural IgM-mediated
immune responses may be associated with major depression and de-
pressive symptoms accompanying schizophrenia.

Importantly, negative symptoms, but not the four other symptom
profiles, were significantly associated with lowered IgM responses to
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Fig. 1. Associations between immunoglobulin (Ig)A/IgM responses directed to TRYCATs and the affective and classical psychotic symptom dimensions of schizophrenia. Increased
production of noxious TRYCAT, including 3-OH-kynurenine (3HK), picolinic acid (PA), xanthurenic acid (XA) and quinolinic acid (QA), an increased noxious (3HK + PA + XA + QA)/
protective (anthranilic acid, AA + kynurenic acid, KA) TRYCAT ratio, and increased IgM-mediated regulation of QA are associated with the overall pathophysiology of schizophrenia.
Distinct changes in TRYCAT patterning may differentiate the five symptom dimensions, for example some changes in IgA responses and A IgA — IgM responses directed against TRYCATs
are more specific for depressive and negative (A3HK, AXA), hypomanic (lower IgM to AA) and anxiety (lower IgA to AA) symptoms.

the noxious/protective ratio, suggesting that lowered regulation of
noxious TRYCATSs, and thus increased activity levels, are significantly
associated with negative symptoms. Also, these IgM results may be
relevant to brain function as a) IgM regulation of the peripheral
TRYCAT pathway may, in part, determine brain TRYCAT levels, b) IgM
antibodies may be present in the brain following increased leakiness of
the blood-brain-barrier, and ¢) IgM antibodies may be produced by
plasma cells in the brain (Walsh et al., 1985).

Interestingly, we also detected that TRYCATSs patterning may dif-
ferentiate between the different aspects of depressive presentations,
including “pure depressive” and “physio-somatic” symptoms. Increased
IgA and IgM responses to noxious TRYCATSs are associated with the
physio-somatic symptoms of the HDRS, whereas there were no sig-
nificant associations with “pure depressive” symptoms, but only modest
associations with the responses. These results are in agreement with
previous research in pregnant women, where increased IgA responses to
noxious TRYCATs are associated with physio-somatic symptoms at the
end of term (including fatigue, dyspepsia, muscle pain, headache, and
gastro-intestinal symptoms) and not with perinatal depression
(Roomruangwong et al., 2017b). The results of the current study are
also in agreement with those of a prior study showing that in depression
lowered plasma tryptophan and increased kunurenine levels are asso-
ciated with somatization rather than with depression per se and that
these changes in the TRYCAT pathway are a hallmark for somatization
(Maes et al., 2011a; Maes and Rief, 2012).

All in all, while increased production of noxious TRYCAT and in-
creased IgM-mediated regulation of QA are associated with the overall
pathophysiology of schizophrenia, other changes in TRYCAT patterning
differentiate the five symptom dimensions (see Fig. 1). For example,
some changes in IgA responses and A responses directed against
TRYCATSs are specific for depressive and negative (A3SHK, AXA), hy-
pomanic (lower IgM to AA) and anxiety (lower IgA to AA) symptoms.
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A first limitation of the current study is its cross-sectional design,
which prevents causal modelling. Therefore, future research should
prospectively investigate the onset of affective, negative and positive
symptoms in relation to TRYCAT pathway patterning in a cohort of
individuals at high-risk of developing psychoses. A second limitation is
that we measured only six TRYCATSs, omitting others such as kynur-
enine. The data would also be greatly enhanced by measures of factors
intimately linked to the TRYCATSs pathway, including cytokines, stress
and the gut microbiome, as well as the serotonin and melatonergic
pathways. It could be argued that we should have used a more specific
instrument to measure depressive symptoms in schizophrenia, e.g. the
Calgary Depression Scale for Schizophrenia (CDSS). However, a recent
systematic review suggests that the HDRS can reliably assess depressive
psychopathology in schizophrenia (Lako et al., 2012), while we found
that the HDRS score is more significantly correlated with objective
neurocognitive deficits than the CDSS (Kanchanatawan et al., 2017c).

In conclusion, alterations in TRYCAT pathway activity, along with
its regulators and consequents, may contribute to the emergence of
affective, anxiety and hypomanic symptoms, as well as negative and
positive symptoms in schizophrenia, via both shared and distinct me-
chanisms.
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