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Abstract OBJECTIVES: In a recent study, we found increased antibody reactivity against the
insulin receptor-A and insulin-like growth factor 1 receptor and their ligands in
patients with schizophrenia or related psychosis, indicating that an autoimmune-
mediated process may underlie development of schizophrenia. The aim of this
study was to supplement our previous study with analysing additional neuronal-
and diabetes-associated autoantibodies of potential interest for schizophrenia in
the same patients and controls as in the foregoing study.

MATERIAL AND METHODS: Analyses of neuronal (NMDAR, VGKC, AMPAR,
GABAgR, DPPX, GAD)- and voltage-gated calcium channel (VGCC) autoanti-
bodies in cerebrospinal fluid (12 patients, 11 controls) and of diabetes-associated
(GAD, IA-2, ZnT8, insulin)- and VGCC autoantibodies in serum (17 patients,
11 controls) were done by standard methods. Additionally, patients (n = 16) were
accessed for clinical symptoms with the Positive and Negative Syndrome Scale
(PANSS) for schizophrenia.

RESULTS: Concentrations in cerebrospinal fluid of NMDAR-, VGKC-, AMPAR-,
GABAgR-, DPPX-, GAD- and VGCC autoantibodies were below detection limits
in all patients and controls. Concentration in serum of insulin autoantibodies was
significantly higher in patients than in controls (p = 0.001), whereas no significant
differences were found in concentrations in serum of GAD-, IA-2-, ZnT8- or
VGCC autoantibodies between patients and controls. Patients’ serum concentra-
tions of insulin autoantibodies tended to inversely correlate to their PANSS scores.
CONCLUSION: In this study, we show higher concentration in serum of insulin
autoantibodies in patients with schizophrenia. This finding is of importance since
autoantibodies against insulin may be implicated in the autoimmune-mediated
process underlying development of schizophrenia.
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Abbreviations:

AMPAR - a-amino-3-hydroxy-5-methyl-4-isoxazol-
propionic acid receptor

CASPR2 - contactin-associated protein 2

C-peptide - connecting-peptide

CSF - cerebrospinal fluid

DPPX - dipeptidyl-peptidase-like protein-6
GABAGR - y-amino-butyric acid B-receptor
GAD - glutamic acid decarboxylase

IA-2 - islet antigen-2

IGF1 - insulin-like growth factor 1

IGF1R - insulin-like growth factor 1 receptor

I9G -immunoglobulin G

Ins - insulin

INSR-A - insulin receptor-A

LGI1 protein - leucine-rich glioma-inactivated 1 protein
NMDAR - N-methyl-D-aspartate receptor

PANSS - positive and negative syndrome scale

r - Spearman rank correlation coefficient

VSGCC - voltage-gated calcium channel
VGKC - voltage-gated potassium channel
ZnT8 -zinc transporter 8
INTRODUCTION

Schizophrenia is a psychotic disorder that affects
approximately 0.5% of the population worldwide
(Charlson et al. 2018; McGrath et al. 2008). In general
it is disabling with a chronic course, beginning in
late adolescence or early adulthood and continuing
throughout life (Freedman, 2003). The literature
provides strong evidence for a role of genetic factors
in its aetiology (Craddock et al. 2005), and of all
287 schizophrenia-associated genetic risk loci identi-
fied to date, it is the gene region encompassing the
major histocompatibility complex on chromosome
6p22.1 playing an important role in the immune system
that is the most significant and consistent, followed by
genes involved in calcium ion import into cells, cell
membrane depolarization during action potential, and
synaptic transmission (Hall et al. 2020; Pardinas et al.
2018; Ripke et al. 2014; Schizophrenia Working Group
of the Psychiatric Genomics Consortium, 2022; Sekar
et al. 2016). However, a substantial proportion of the
heritability for schizophrenia is still unknown (Pardinas
et al. 2018; Schizophrenia Working Group of the
Psychiatric Genomics Consortium, 2022).

Over the years, evidence has accumulated indicating
that schizophrenia is a systemic disorder and not only
a brain disease (Flyckt, 2001; Kirkpatrick et al. 2014;
Moises et al. 2002), and that an inflammatory, probably
autoimmune-mediated, process in the central nervous
system and to some extent in peripheral organs,
combined with an aberrant immune system, may
underlie the development of schizophrenia, at least in
a subgroup of patients (Al-Diwani et al. 2017; Bejerot
et al. 2023; Bergink et al. 2014; Braun ef al. 2017; Endres
et al. 2022; Ermakov et al. 2017; Horvath & Mirnics,
2014; Hwang et al. 2013; Jeppesen & Eriksen Benros,
2019; Johansson et al. 2012; Laskaris et al. 2016; Mané-
Damas et al. 2019; Melkersson & Bensing, 2018, 2021;
Miller et al. 2011; Mobarrez et al. 2013; Momtazmanesh
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et al. 2019; Mongan et al. 2020; Miiller et al. 2000;
Schlaaff et al. 2020; Schmitt et al. 2011; Schwarz et al.
2000; Trépanier et al. 2016; Upthegrove et al. 2014;
van Mierlo et al. 2019; Wang et al. 2018; Wetterberg
et al. 2002). The aberrance of the immune system in
schizophrenia includes reduced capacity of both the
cellular and humoral immune responses, as patients
with schizophrenia exhibit both a decreased cutaneous
cellular immune response to stimulation with a foreign
protein or tuberculin, and a reduced antibody produc-
tion after, for example, vaccination with a salmonella
antigen (Melkersson, 2013; Melkersson & Bensing,
2018; Molholm, 1942; Miiller et al. 1991, 2000; Steiner
et al. 2010; Ozek et al. 1971).

Autoantibodies directed against brain tissue, blood
cells, heat shock proteins, nerve growth factor and
N-methyl-D-aspartate receptor (NMDAR) have previ-
ously been detected in serum of patients with schizo-
phrenia (Abramson, 1967; Ebert et al. 2013; Kagami
et al. 1987; Kilidireas et al. 1992; Kim et al. 2001;
Klyushnik et al. 1999; Lennox et al. 2017; Popova, 1977;
Schwarz et al. 1998, 1999; Shcherbakova et al. 2004;
Shinitzky et al. 1991; Spivak et al. 2009a, 2009b; Steiner
et al. 2013; Tong et al. 2019; Wang et al. 2003).

Furthermore, we recently found increased antibody
reactivity against the insulin receptor-A (INSR-A)
and insulin-like growth factor 1 receptor (IGF1R) and
their ligands connecting (C)-peptide, insulin (Ins) and
insulin-like growth factor 1 (IGF1) in cerebrospinal
fluid (CSF) and serum of patients with schizophrenia
or related psychosis (Melkersson & Bensing, 2021).
However, in that study, no (or only partial) analyses
were done regarding additional neuronal- and diabetes-
associated autoantibodies, which also may be of poten-
tial interest in the development of schizophrenia
(Bingley, 2010; Dalmau & Rosenfeld, 2008; Leypoldt
et al. 2015; Pozzilli et al. 2001). Therefore, we aimed in
this study to supplement our earlier study (Melkersson
& Bensing, 2021) by analysing these antibodies in CSF
and/ or serum from the same patients with schizo-
phrenia or related psychosis and control subjects as in
the foregoing study.

MATERIAL AND METHODS

Ethical approval

The study was approved by The Ethics Committee
of Karolinska Institutet and The Regional Ethical
Review Board, Stockholm, Sweden, and all patients
and control subjects participated after giving informed
consent.

Patients and control subjects

Consecutive outpatients at psychiatric polyclinics in
the region of Stockholm, Sweden, diagnosed with
schizophrenia or schizoaffective disorder according
to Diagnostic and statistical manual of mental disorders
(5th edition) criteria (American Psychiatric Association,
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Fig. 1. Median (range) serum concentration
10 of insulin (Ins) autoantibodies in patients
with schizophrenia or related psychosis
—_ p=0.001 (n=17), compared with that in controls
=2 97 | (n=9), 1.0 (0.4-8.0) versus 0.4 (0.0-2.0) E/
£ _
m] mL, p=0.001.
o 8T o
Q@
°
2 7
<
g 6t o
5
©
E 5
©
c 4} o
i)
j
2 37 = Median
B e O 25%-75%
S 2t o INc_)n—outIier
o min - max
= 1 o Outlier/
5 © extreme
0 1 --- Normal
Or o refr. limit
. . <2.4 E/mL
Patients Controls

2013), were invited to participate in this study. Any
patients having a substance-related disorder or a phys-
ical illness that could influence the evaluation were
excluded. In total, 17 patients were included. In addi-
tion, 11 individuals diagnosed with non-inflammatory
neurological diseases were included as control subjects.

Characteristics of the patients and control subjects
are given in Table 1. All patients were Caucasians and
had a diagnosis of schizophrenia, except one woman
who was diagnosed with schizoaffective disorder. Nine
(52.9%) of the patients had heredity for schizophrenia
or related psychosis, and twelve (70.6%) of the patients
had heredity for diabetes mellitus type 1, type 2 or both
types (Melkersson, 2009; Table 1). None (0.0%) of the
male patients compared to seven (70.0%) of the female
patients were smokers (p = 0.010), otherwise no sex
differences in characteristics were found among the
patients. Male and female patients were also treated
with similar antipsychotics, and the only concomitant
medications used were benzodiazepine derivatives
(n = 3), lithium (n = 1), orphenadrine (n = 1), propi-
omazine (n = 1), zopiclon (n = 1) and zopiderm (n = 1).
The control subjects were all Caucasians except one
woman who was Asian, and none had any diagnosis
of psychotic disorder; neither did they use any drugs
with anti-inflammatory effect that could influence their
neurological disease, such as cortisone, interferon or
cytostatics.

Clinical evaluation and laboratory analyses

The clinical evaluation of the patients was done by
a psychiatrist on the day before the taking of CSF and

serum specimens by using the Positive and Negative
Syndrome Scale (PANSS) for schizophrenia (Kay et al.
1987; Von Knorring & Lindstréom, 1992). The PANSS
consists of four subscales of symptom complexes
(positive symptoms, negative symptoms, positive and
negative symptoms combined, and general psychiatric
symptoms), each of the items is rated on different point
scales.

The lumbar punctures and collections of blood
samples were carried out in the morning after the
patients and control subjects had been fasting overnight,
and the CSF and serum samples were frozen directly and
stored in -80°C until analysis. Serum samples were then
diluted 1:100 for the analyses of glutamic acid decar-
boxylase (GAD)- and Ins autoantibodies, otherwise
undiluted samples of CSF and serum were used in the
analyses. Cerebrospinal fluid from 12 patients and 11
control subjects were analysed for neuronal NMDAR-,
voltage-gated potassium channel (VGKC; leucine-rich
glioma-inactivated 1 (LGI1) protein, contactin-asso-
ciated protein 2 (CASPR2))-, a-amino-3-hydroxy-5-
methyl-4-isoxazol-propionic acid receptor (AMPAR)-,
y-amino-butyric acid B-receptor (GABAgR)- and dipep-
tidyl-peptidase-like protein-6 (DPPX) immunoglobulin
G (IgG)-autoantibodies by an immunofluorescence
assay according to the guidelines of the manufacturer
(Euroimmun AG, Luebeck, Germany), and for neuronal
GAD autoantibody by a GAD Autoantibody ELISA kit
(RSR Limited, Cardiff, United Kingdom). Serum from
17 patients and 11 control subjects were analysed for
diabetes-associated (GAD-, zinc transporter 8 (ZnT8)-,
islet antigen-2 (IA-2)- and Ins) autoantibodies by
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Tab. 2. Scores obtained with the Positive and Negative Syndrome Scale (PANSS) for schizophrenia in the patients studied a

PANSS scores

Positive symptoms

Negative symptoms

Positive and negative General psychiatric

symptoms combined symptoms
Median (range) 10.0 (7.0-17.0) 9.0 (7.0-12.0) 1.0 (-5.0-9.0) 21.0(16.0-26.0)
Reference rangeP 7-49 7-49 -42-42 16-112
an=16 due to missing PANSS data in 1 patient
b According to Kay et al. 1987
were not more prevalent in patients than in control pPISCUSSION

subjects. Three (17.7%) of 17 patients versus 0 (0.0%)
of 9 control subjects had increased serum concentra-
tion of Ins autoantibodies, i.e. 22.4 E/mL (p = 0.529),
and 2 (11.8%) of 17 patients versus 0 (0.0%) of 9 control
subjects had increased serum concentration of ZnT8
autoantibodies, i.e. 215 E/mL (p = 0.529). It was two
46- and 58-year-old women diagnosed with schizo-
phrenia but otherwise healthy, who had increased
serum concentration of Ins autoantibodies (4.0 and
8.0 E/mL, respectively), and one 39-year-old woman
diagnosed with schizoaffective disorder but otherwise
healthy, who had increased serum concentrations of
both Ins- and ZnT8 autoantibodies (6.0 and 18 E/mL,
respectively). The fourth patient was a 50-year-old
woman diagnosed with schizophrenia and rheuma-
toid arthritis but otherwise healthy, who had increased
serum concentration of solely ZnT8 autoantibodies (38
E/mL). Moreover, 1 (5.9%) of 17 patients versus 0 (0.0%)
of 9 control subjects had increased serum concentra-
tions of GAD- and IA-2 autoantibodies, i.e. 25 and
>8 IE/mL, respectively (p = 1.000). This patient was a
54-year-old woman diagnosed with schizophrenia but
otherwise healthy, who had increased serum concentra-
tions of both GAD- and IA-2 autoantibodies (>250 and
49 IE/mL, respectively).

Median and range of PANSS scores in patients
(n = 16) are given in Table 2. Patients’ serum concen-
trations of Ins autoantibodies tended to inversely
correlate to their PANSS scores of positive symptoms
(ry = -0.43, p = 0.099), and of positive and negative
symptoms combined (r, = -0.45, p = 0.079). Moreover,
subgroup analysis showed that patients’ serum concen-
trations of Ins autoantibodies tended to associate to
heredity for diabetes mellitus type 1 in that there was a
tendency towards that more patients with than without
heredity for diabetes mellitus type 1 had increased
serum concentration of Ins autoantibodies (2/3 (66.7%)
versus 1/14 (7.1%), p = 0.063). However, subgroup
analyses of patients’ serum concentrations of Ins auto-
antibodies in relation to sex, smoking, full or partial
symptom remission, heredity for schizophrenia or
related psychosis, or heredity for diabetes mellitus type
2 did not show any tendencies towards significant, or
significant associations.

In this study, we show higher serum concentration
of autoantibodies directed against Ins in patients with
schizophrenia or related psychosis, compared with
control subjects. The serum concentrations of Ins
autoantibodies in the patients tended also to inversely
correlate to their PANSS scores of positive symptoms,
and of positive and negative symptoms combined,
telling us that higher concentration of Ins antibodies
in serum may constitute a remission marker in schizo-
phrenia. The results are in several parts, although not
fully, in accord with the findings in our foregoing
study, showing increased antibody reactivity in serum
from the same patients as in this study against Ins
peptides no’s 1, 6, 7 and 9 (i.e. a part of Ins §3-chain,
C-peptide, and a part of Ins a-chain) (Melkersson &
Bensing, 2021). In the foregoing study, we also found
an inverse correlation between patients’ antibody reac-
tivity in serum against Ins peptide no. 2 (i.e. a part
of Ins f3-chain) and their PANSS scores of negative
symptoms, but no tendencies towards significant, or
significant correlations between patients’ antibody
reactivity in serum against Ins peptidesno’s 1, 6, 7 or 9
and their PANSS scores (Melkersson & Bensing, 2021).
The minor discrepancies in results between the two
studies may to a great extent be explained by the use
of different analysis methods; in the foregoing study,
we analysed the antibody reactivity in serum directed
against both Ins (Ins peptides no’s 1-2 and 8-9) and
C-peptide (Ins peptides no’s 3-7) by using a peptide
antigen bead array designed by ourselves (Melkersson
& Bensing, 2021), whereas in this study, we analysed
the concentration of Ins autoantibodies in serum by
using the commercial enzymimmunoassay Medizym®
IAA that specifically analyses autoantibodies directed
against Ins, but not against C-peptide (Medipan
GMBH, Berlin, Germany, personal communication).
In comparison with others” studies, the only earlier
study published shows, as this study, no differences in
plasma levels of IgG against GAD and IA-2a (= IA-2),
but decreased plasma levels of IgG against, not analysed
by us, IA-2b, in patients with schizophrenia, compared
with control subjects (Hallford et al. 2016). However,
plasma or serum levels of autoantibodies directed
against Ins and C-peptide were not analysed in their
study (Hallford et al. 2016).

Copyright © 2023 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



One of the patients with a diagnosis of schizophrenia
but otherwise healthy, had increased concentration
of GAD autoantibodies in serum, but not in CSF, indi-
cating no presence of autoimmune GAD encephalitis,
but an increased risk for future development of diabetes
mellitus type 1, especially as the patient had increased
concentration of IA-2 diabetes-associated autoanti-
bodies in serum too (Bingley, 2010; Graus et al. 2016;
Krischer et al. 2015; Pozzilli et al. 2001). This patient
had also heredity for both schizophrenia or related
psychosis and diabetes mellitus type 2, however, not for
diabetes mellitus type 1.

Neuronal NMDAR-, VGKC (LGI1, CASPR2)-,
AMPAR-, GABAgR-, DPPX- and GAD autoantibodies
were not detected in CSF of the patients with schizo-
phrenia or related psychosis in this study, supporting
the notion that these neuronal autoantibodies do not
usually occur in patients with schizophrenia, and if
found in this group of patients, it deals in most of all
cases with rare cases presenting as schizophrenia-like
psychosis (Bien et al. 2021; Dalmau, 2016; Endres
et al. 2015, 2020; Grain et al. 2017; Guasp et al. 2021;
Hansen et al. 2022; Haussleiter et al. 2017; Najjar et al.
2012; Oviedo-Salcedo et al. 2018; Theorell et al. 2021;
Vitaliani et al. 2005; Zandi et al. 2011).

Over the years, in vitro, clinical and genetic findings
related to alterations of the intracellular calcium homeo-
stasis have been reported in schizophrenia (Bojarski
et al. 2010; Giegling et al. 2010; Melkersson, 2010). It
is also well established that calcium plays an important
role in the release of neurotransmitters and hormones
in the central nervous system, as well as peripherally, in
for example the release of Ins from pancreatic £3-cells
(McClenaghan & Flatt, 1999; Melkersson, 2010; Rubin,
1970). However, increased concentrations of autoanti-
bodies directed against the VGCC-complex were not
found in CSF and serum of the patients with schizo-
phrenia or related psychosis in this study, supporting
the notion that autoantibodies directed against VGCCs,
which are the main conduit for calcium entry into many
cells, do not explain the pathogenesis of schizophrenia
(Gupta et al. 2009; Liao & Soong, 2010).

Insulin receptor-A is present in both the central
nervous system and peripheral organs, while insulin
receptor-B is present only in peripheral organs, in
humans (Moller et al. 1989; Mosthaf et al. 1990; Sara
et al. 1982; Schulingkamp et al. 2000; Sesti et al. 1994),
leaving INSR-A as being the INSR isoform of main
interest in schizophrenia. Insulin as well is present in
the central nervous system (Baskin et al. 1987; Kullman
et al. 2016), where it is suggested to have neuromodu-
latory functions and also to be of relevance to various
aspects of the pathophysiology of schizophrenia,
including the regulation of dopamine levels (Agarwal
et al. 2020; de Bartolomeis et al. 2023). Insulin has
also been demonstrated to both inhibit [3H] norepi-
nephrine uptake and stimulate [3H] serotonin uptake
in neuronal cells in vitro (Boyd et al. 1985). In 1983,
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Ins autoantibodies were described for the first time
in serum of children with newly-diagnosed untreated
diabetes mellitus type 1 (Palmer et al. 1983). Today, Ins
autoantibodies in serum constitute one of several auto-
antibody markers for diabetes mellitus type 1 (Bingley,
2010; Krischer et al. 2015; Pozzilli et al. 2001). However,
Ins autoantibodies in serum have been found not to be
completely specific to diabetes mellitus type 1, as they
also may occur, albeit rarely, in autoimmune thyroid
diseases and drug-induced autoimmune syndromes
(Benson et al. 1985; Hegewald et al. 1992; Uchigata et al.
1994; Wilkin, 1991). The finding of higher concentra-
tion of Ins autoantibodies in serum of patients with
schizophrenia or related psychosis in this study is in
line with a) our previously-described hypothesis that
impaired cellular signalling via the INSR-A, and prob-
ably also via the IGF1R, may underlie known abnor-
malities in the central nervous system and peripheral
organs in schizophrenia (Melkersson & Persson, 2011,
2012; Melkersson et al. 2011), b) results in our foregoing
study, indicating that an autoimmune-mediated process
underlies the development of a core group of schizo-
phrenia cases and that the INSR-A and IGFIR and
their ligands Ins, C-peptide and IGF1 may constitute
main antigen targets (Melkersson & Bensing, 2021),
and c) are also supported by several studies by others,
reporting INSR deficits and decreased IGF1R-, IGF1-
and insulin-like growth factor binding protein 2 mRNA
expression in post-mortem brains, Ins-signalling
abnormalities, altered insulin-like growth factor 2
signalling, and association between an insulin receptor
substrate-2 SNP and auditory hallucinations in patients
with schizophrenia (Kapogiannis et al. 2019; Kim et al.
2013; van Beveren et al. 2014; Weissleder et al. 2021;
Wau et al. 2013; Yang et al. 2020; Zhao et al. 2006).

The strength of this study includes the narrow
diagnostic selection of, in the main, only patients with
a diagnosis of schizophrenia, allowing investigation
of a diagnostically homogeneous patient group. The
limitations of the study, on the other hand, consist
of its limited sample size not large enough to achieve
sufficient power in some of the statistical analyses, and
the fact that the patients were on antipsychotic drug
treatment and were not acutely psychotic, which may
have moderated the antibody concentrations observed
(Ezeoke et al. 2013; Jernbom Falk et al. 2021; Ponsford
et al. 2019). The limitations also include that the control
group in this study did not comprise healthy individ-
uals. However, it seems unlikely that the control group
selected, in which all control subjects were diagnosed
with solely non-inflammatory neurological diseases
and did not have any diagnosis of psychotic disorder,
can have confounded our results.

To conclude, we show in this study higher concen-
tration in serum of autoantibodies directed against Ins
in patients with schizophrenia or related psychosis,
compared with control subjects. We also show that
higher concentration of Ins autoantibodies in serum
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may constitute a remission marker in schizophrenia.
Moreover, we do not find evidence that the neuronal
(NMDAR, VGKC (LGI1, CASPR-2), AMPAR, GABARR
and DPPX)-, VGCC- and other diabetes-associated
(GAD, ZnT8 and IA-2) autoantibodies play a role in
the development of schizophrenia. These findings will
bring some important pieces into (as well leave out
some others from) the schizophrenia-aetiology puzzle.
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