1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Brain Behav Immun. Author manuscript; available in PMC 2021 November 11.

-, HHS Public Access
«

Published in final edited form as:
Brain Behav Immun. 2018 March ; 69: 57-59. doi:10.1016/j.bbi.2017.10.020.

Anti gliadin antibodies (AGA 1IgG) related to peripheral
inflammation in schizophrenia

Deanna L. Kelly?", Haley K. Demyanovich@, William W. EatonP, Nicola Cascella®, Jessica
Jackson?, Alessio Fasanod, William T. Carpenter@

aMaryland Psychiatric Research Center, University of Maryland School of Medicine, PO Box
21247, Baltimore, MD 21228, United States

bDepartment of Mental Health, Johns Hopkins Bloomberg School of Public Health, 615 N. Wolfe
Street, Baltimore, MD 21205, United States

®Neuropsychiatry Program Sheppard Pratt Health System, 6501 N. Charles Street, Baltimore, MD
21204, United States

dCenter for Celiac Research and Treatment, Mucosal Immunology and Biology Research Center,
and Division of Pediatric Gastroenterology and Nutrition, Massachusetts General Hospital, 55
Fruit Street, Boston, MA 02114, United States

Abstract

Altered immune function and inflammation are seen in schizophrenia, however, peripheral
inflammatory markers are not consistently elevated in all people, suggesting inflammation may
be present only in a subgroup. We measured TNF-a and IL-1f in 100 people with schizophrenia
or schizoaffective disorder and correlated these with antibodies to gliadin, a protein found in
wheat, barley and rye that has been found to be elevated in some people with schizophrenia. We
hypothesized that higher peripheral antigliadin antibodies (AGA 1gG) would be associated with
higher peripheral inflammation as measured by TNF-a and IL-1p. Mean log transformed values
of TNF-a, (p =.029) and IL-1B (p = .016) were over twofold higher in people with schizophrenia
who had high levels of AGA IgG (=7 U) compared to those who did not have positivity to

AGA IgG. We found a significant positive correlation between AGA 1gG and the log transformed
TNF-a (r =0.42, p <.0001) as well as IL-1B (r = 0.51, p <.0001). The relationship was
independent of cigarette smoking, body mass index and antipsychotic medications. People with
schizophrenia having higher levels of AGA IgG show higher levels of peripheral inflammation and
may define a subgroup with distinct pathophysiology and potentially novel treatment targets.
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Introduction

Many lines of evidence suggest that inflammation may play a role in schizophrenia
psychopathology (Miller et al., 2015). For example, a pro-inflammatory response with
elevated peripheral cytokines is reported in some individuals with schizophrenia relative

to controls (Boerrigter et al., 2017). Other evidence that also points to an inflammatory
mechanism include genes in the major histocompatibility complex associated with
schizophrenia risk, maternal infection as a risk factor for schizophrenia in offspring, and
positive effects of some anti-inflammatory agents in clinical trials (Mdiller et al., 2015).
However, it is noteworthy that not all people with schizophrenia have inflammation,
suggesting that the contribution of inflammation to schizophrenia may only be in subgroups
of individuals (Boerrigter et al., 2017).

Autoimmune and innate immune reactions possibly triggering inflammation have been
reported to be higher in schizophrenia compared to healthy controls (Khandaker et al., 2017;
Eaton et al., 2006). One such immune response that has been emerging in schizophrenia

is the formation of antibodies to gliadin, a component protein of gluten found in wheat,
barley and rye (Jackson et al., 2012). Elevated Antigliadin Antibodies (AGA IgG) relative to
controls have been reported in numerous recent reports (Sidhom et al., 2012; Dickerson et
al., 2016; Okusaga et al., 2016; Cihakova et al., 2017). While inflammation and AGA 1gG
have not been previously studied or reported in people with schizophrenia, mouse models
for gluten sensitivity show that AGA are associated with the production of proinflammatory
markers of inflammation (Vijaykrishnaraj et al., 2017).

In a previously published study with 31 schizophrenia patients (distinct from this study) we
found that higher AGA 1gG was correlated with higher levels of brain neurochemicals such
as myoinositol and total choline (Rowland et al., 2017). This is suggestive of inflammation
present in the brain (Chang et al., 2013). Severance et al. (2015) recently reported that
serum AGA IgG levels measured in the periphery were tightly correlated to AGA IgG
levels measured in cerebral spinal fluid in people with schizophrenia, a finding not seen

in healthy controls. This suggests that a compromised blood brain barrier in schizophrenia
exists which allows the passage of antibodies. This could provoke central inflammation or
allow for the passage of cytokines and other immune-related compounds. Since we have
seen a correlation of elevated neurochemicals indicative of central inflammation to AGA
IgG and a compromised blood brain barrier in schizophrenia may allow for easier passage of
antibodies, we would anticipate also seeing inflammatory markers in the periphery of those
with high AGA 1gG levels.

Methods

This study examines the relationship of AGA 1gG to two peripheral cytokines reported to

be elevated in schizophrenia, TNF-a and IL-1f (Boerrigter et al., 2017). We analyzed these
cytokines from frozen serum of 100 participants with a DSM-IV diagnosis of schizophrenia
or schizoaffective disorder with previously measured and reported AGA IgG levels (Jackson
et al., 2014). The AGA IgG levels were measured previously by an automated enzyme-
linked immunosorbent assay (ELISA) method with Kits on a single ImmunoCap 100analyzer
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(Phadia AB, Freiburg, Germany) (Jackson et al., 2014). Positivity was considered 27.0 U as
provided by the manufacturer. In this follow-up study the stored serum measured had been
frozen at —80°F, drawn at the time of the AGA 1gG. The serum was measured by Luminex
multiplex technology at the Cytokine Core Laboratory at the University of Maryland School
of Medicine. The intra- and interclass coefficients of variation for TNF-a were 3.5% and
4.8%, respectively. For IL-1 the values are 5.3% and 4.1% respectively.

Spearman correlations were used to examine the relationship of cytokines to AGA IgG.
Additionally we examined differences in cytokines and AGA IgG by variable (antipsychotic
medication, Body Mass Index (BMI), smoking status, and diagnosis) using Kruskal-Wallis
Chi-Square. We also examined the relationship of peripheral cytokines to psychiatric
symptoms as measured by the Brief Psychiatric Rating Scale (BPRS). No participants were
included who were taking regularly scheduled anti-inflammatory medications or immune
modulating treatments, or maintained on a gluten free diet at the time of the study.

3. Results

3.1.

Participants

The demographic and clinical information is listed in Table 1. This population was
approximately representative of the schizophrenia population of people seeking treatment
in the State of Maryland. Notable, this sample was considered stable and not in acute
exacerbation of the illness. This is confirmed by a mean total Brief Psychiatric Rating Scale
score of 31.9 +6.7.

3.2. AGA IgG and inflammatory measures

Of the 100 tested, 9 (9%) were positive for AGA 1gG (=7.0 U). In our previously published
paper this was significantly higher than the control samples which were all negative for these
antibodies (Jackson et al., 2014). The mean AGA IgG of the schizophrenia group was 2.8

+ 9.4 U. AGA IgG did not differ by age, race, diagnosis, medications, smoking or BMI.
Psychiatric symptoms were not correlated to AGA IgG.

We found that mean log transformed values of TNF-a (592.0 + 619.2 pg/ml vs. 189.5 +
380.6 pg/ml, t = -2.22, df = 88, p =.029) and IL-1p (947.7 + 968.0 pg/ml vs. 271.5 + 572.3
pg/ml; t = -2.47, df = 88, p = .016) were over twofold higher in people with schizophrenia
who are positive to AGA 1gG compared to schizophrenia participants who did not have
positivity to AGA IgG. There was no relationship of the peripheral cytokine measures to
antipsychotic medication, BMI, or smoking. Psychiatric symptoms were not correlated to
peripheral cytokines with the exception of BPRS activation levels which were higher in
those with higher IL-1p (r = 0.75, p = .02), and a trend for those with higher TNF-a (r =
0.61, p =.08). Nonsmokers have higher IL-1p (Chi-Square = 9.8, df = 1, p = .0017) and
TNF-a (Chi-Square = 7.4, df = 1, p = .0066).

There was a significant positive correlation between AGA 1gG and the log transformed
TNF-a (r=0.42, p <.0001) (Fig. 1) as well as IL-1p (r = 0.51, p <.0001) (Fig. 1),
suggesting a robust association of AGA 1gG antibodies with peripheral proinflammatory
markers. Correlations were not affected by medication, BMI or smoking.
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Exploratory analysis examined relationships in the group of 9 who were positive to AGA
IgG (=7.0 U) based on the manufacturer We find that the correlation of AGA IgG and
cytokines is not limited to the positive group, but the correlation coefficient values (r) are
slightly higher in the N = 9 group suggesting a tight correlation (IL-1pB, r = 0.70, p = .036;
TNF-a, r=0.50, p =.175). In the group not considered positive the correlation of IL-1p
(r=0.45, p <.0001) and TNF-a (r = 0.36, p = .0007) with IgG AGA remained significant
but was less robust than in the positive group: however, due to the small sample of N =9,
significance is more difficult to achieve. Examining cytokines and their relationship to other
variables in the AGA IgG positive group (N = 9) revealed no notable trends or differences.

4. Discussion

These data reflect that higher levels of AGA IgG are correlated with higher levels of two
peripheral cytokines, TNF-a and IL-1p. These results suggest that an association exists,
but not the causal pathway. Both of these cytokines have been reported to be elevated

in previous publications in some people with schizophrenia (Vijaykrishnaraj et al., 2017),
however, the linkage of these laboratory results to this specific immune trigger, AGA 1gG,
have not been previously reported.

The study is limited by a small sample size, lack of specific information on amount of
gluten in diets and lack of a healthy control group in which to examine the relationship.

We also find lower rates of positivity to AGA IgG using this assay than results published

in our more recent work showing about 1/3 of people with positive AGA 1gG antibodies
(Cihakova et al., 2017). Nonetheless, the correlations suggest that moderate antibody levels
below the strong positivity cutoff of this test may also lead to some cytokine response and
that the relationship of immune markers and inflammation may exist on a continuum. Future
studies should examine these findings in relation to healthy controls, although the study

by Severance et al. (2015) suggests that the passage of AGA IgG into the CNS in healthy
controls is less prevalent than in schizophrenia.

In conclusion, people with schizophrenia having higher levels of AGA 1gG show higher
levels of peripheral inflammation and may define a subgroup with distinct pathophysiology
and potentially novel treatment targets.
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Fig. 1.

Correlations between AGA 1gG and two Cytokines in People with Schizophrenia.
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Table 1

Demographic and Clinical Information of 100 persons with Diagnosis of Schizophrenia or Schizoaffective
Disorder.

Mean (SD)

Age (years) 32.5(9.6)
Body Mass Index (kg/m?) (N =97) 30.3 (6.8)
Total BPRS 31.9(6.7)

Positive symptoms 6.2 (3.0)

Anxiety/Depression 59(2.4)

Hostility 45 (1.7)

Negative symptoms 6.8 (2.6)

Activation 4.0 (1.4)

% (N)

Schizophrenia 86% (N = 86)
Schizoaffective Disorder 14% (N = 14)
Gender (male) 68% (N = 68)
Race (White) 58% (N =58)
Cigarette Smokers (N = 97) 76% (N =74)
Antipsychotic medications

Clozapine 40 (40%)

Other Second Generation * 43 (43%)

First Generation 15 (15%)

Unknown 2 (2%)

*
Isncludes aripiprazole, paliperidone, risperidone, quetiapine, ziprasidone, olanzapine, polpharmacy, all groups < 10 per group.
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