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Abstract

Exposure to neurotropic viruses, such as herpes simplex virus type 1 and human cytomegalovirus,
has been reported to be associated with cognitive impairment in schizophrenia. These viruses have
evolved highly sophisticated strategies for decreasing the efficacy of the host immune response
and interfering with viral clearance. Particular immunoglobulin GM (-y marker) genotypes
modulate these viral immunoevasion strategies, influence antibody responsiveness to viral
proteins, and are also associated with susceptibility to schizophrenia, providing an excellent
rationale for determining their possible involvement in the cognitive functions in this highly
heritable neurodevelopmental disorder. In this investigation, we assessed the cognitive functions
(verbal memaory, working memory, motor speed, verbal fluency, attention and processing speed,
and executive function) in 145 patients with schizophrenia and characterized their DNA for several
GM and KM (y marker) alleles. Particular KM and GM genotypes were significantly associated
with verbal memory and attention and processing speed scores, respectively (p=0.01 and 0.001).
Epistatic effects of GM and KM genotypes on attention and processing speed, verbal fluency, and
motor speed were also noted (p= 0.031, 0.047, 0.003). These results, for the first time, show that
hitherto understudied immunoglobulin GM and KM genotypes—individually and epistatically—
contribute to the magnitude of interindividual variability in the cognitive functions in patients with
schizophrenia. Additional studies involving these highly polymorphic genes of the immune system
are needed.
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Immunoglobulin GM (y marker) allotypes are encoded by immunoglobulin heavy chain G1
(/IGHG1I), IGHGZ, and IGHG3 genes on chromosome 14932 (Oxelius and Pandey 2013).
Although most GM alleles are common within a racial group (some with gene frequency
>70%), they are not being evaluated in the genome wide association studies (GWAS) of
schizophrenia or cognitive function, because these determinants are not included in the
commonly employed genotyping platforms (Schizophrenia Working Group 2014; Trampush
et al. 2017). Furthermore, since GM allotypes were not typed in the HapMap project, they
cannot be imputed. Even in the 1000 Genomes project the coverage of this region is very
low, resulting in poor quality of imputation. Therefore, a candidate gene approach is
necessary for evaluating the role of GM genes in the etiology of schizophrenia.

In a recent study, using a candidate gene approach and a large sample size, we found a
highly significant association between a GM genotype and susceptibility to schizophrenia
(Pandey et al. 2016). The subjects with this genotype were over 3 times as likely to develop
schizophrenia as those without this genotype. The mechanisms underlying this association
are not known. Since almost all GM alleles are expressed in the Fc region of
immunoglobulin -y chains (Oxelius and Pandey 2013), the putative mechanisms are likely to
include Fc-mediated host immunosurveillance mechanisms against infectious pathogens
implicated in the pathology of schizophrenia. Exposure to neurotropic viruses, such as
herpes simplex virus 1 (HSV1) and human cytomegalovirus (CMV), has been reported to be
associated with cognitive impairment in schizophrenia (Shirts et al. 2008). These viruses
have evolved highly sophisticated strategies for decreasing the efficacy of the host immune
response and interfering with viral clearance. One strategy involves encoding decoy Fcy
receptors (FcyRs), which thwart the host’s Fc-mediator effector functions, such as antibody-
dependent cellular cytotoxicity (ADCC) (Corrales-Aguilar et al. 2014). Interestingly, GM
alleles modulate this viral strategy, by differentially binding to the viral FcyR (Atherton et
al. 2000; Namboodiri and Pandey 2011; Pandey et al. 2015; Pandey et al. 2017).
Additionally, GM alleles contribute to the magnitude of humoral immunity to certain viral
proteins and to the cytotoxicity of virally infected cells (Pandey et al. 2014; Moraru et al.
2015).

The association of GM alleles with susceptibility to schizophrenia and their contribution to
immunity to herpesviruses, coupled with the reported association of the latter with cognitive
impairment, provide a strong rationale for investigating whether or not these polymorphic
genes are associated with cognitive functions in this disease. Therefore, in the present
investigation, we aimed to determine the contribution of GM genotypes to the magnitude of
cognitive functions in patients with schizophrenia. Additionally, we investigated whether
particular KM (x marker) allotypes—encoded by the /GKC (immunoglobulin kappa
constant) gene on chromosome 2p12—also influence the magnitude of cognitive functions.
Like GM, the KM allotypes also influence immunity to certain herpesviruses, which are
implicated in the cognitive decline of patients with schizophrenia (Biggar et al. 1984; Shim
etal. 2017).

The study population consisted of 145 Japanese schizophrenia patients recruited from the
University of Occupational and Environmental Health, Kitakyushu, Fukuoka, Japan. The
study was approved by the University Ethics Committee, using the ethical standards of the
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Declaration of Helsinki. The diagnosis of schizophrenia was established based on the
Structured Clinical Interview for DMS-IV (SCID) and a comprehensive review of the patient
medical records. The inclusion and exclusion criteria and demographic characteristics of the
participants have been described in detail elsewhere (Hori et al. 2016).

Cogpnitive function was assessed by trained psychiatrists using the Brief Assessment of
Cognition in Schizophrenia (BACS) in a Japanese-language version (BACS-J) (Kaneda et al.
2007). This metric includes brief assessments of verbal memory, working memory, motor
speed, verbal fluency, attention and processing speed, and executive function. The primary
measures from each subtest of the BACS-J were standardized by creating z-scores, as
described in detail elsewhere (Hori et al. 2016).

IgG1 markers GM 3 and 17 (arginine to lysine), were determined by a pre-designed
TagMan® genotyping assay from Applied Biosystems Inc. (Foster City, CA), employing the
following primers and probes:

Forward primer: 5° CCCAGACCTACATCTGCAACGTGA-3’
Reverse primer: 5° CTGCCCTGGACTGGGACTGCAT-3’

Reporter 1 (GM 17-specific): VIC-CTCTCACCAACTTTCTTGT-NFQ
Reporter 2 (GM 3-specific): FAM-CTCTCACCAACTCTCTTGT-NFQ

1gG2 markers GM 23- and 23+ (valine to methionine), a G to A substitution in the CH2
region of the y2 gene—were determined by a nested PCR-RFLP method. In brief, a 915 bp
region of the y2 gene that incorporates the sites for the allelic substitutions was amplified as
described by Brusco et al., (1995), using the following primers: 5’
AAATGTTGTGTCGAGTGCCC 3" and 5" GGCTTGCCGGCCGTGGCAC 3’. A 197 bp
segment was further amplified from this 915 bp fragment using the following primers:

5" GCACCACCTGTGGCAGGACC 3’and 5" TTGAACTGCTCCTCCCGTGG 3’. After
digestion of the amplified product with the restriction enzyme Nlalll, the following products
corresponding to the three genotypes were obtained:

GM 23+ 90 bp, 63 bp, 44 bp
GM 23- 134 bp, 63 bp
GM 23+,23- 134 bp, 90 bp, 63 bp, 44 bp

Three alleles—KM 1, KM 1,2, and KM 3—segregate at the KM (/GKC) locus. Over 98% of
the individuals positive for KM 1 are also positive for KM 2; KM 1 allele, without KM 2, is
extremely rare. Thus, in this and in most other investigations, positivity for KM 1 includes
both KM 1 and KM 1,2 alleles. The KM alleles were determined by a previously described
PCR-RFLP method (Moxley and Gibbs, 1992).

General linear models (GLMs) were used to test associations between cognitive function
domain scores and each of the GM and KM loci of interest. Separate models were
constructed to examine the main effects of each locus, followed by another series of models
to assess epistasis. For each test, we considered 4 different genetic models (genotypic,
additive, dominant, and recessive), which correspond to different approaches to examining
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the recessive homozygotes, heterozygous, and dominant homozygotes for each locus. When
comparing the various epistasis models, Akaike Information Criteria (AIC) was used to
determine the best fitting model. All statistical tests were 2-sided, and we used an alpha level
of 0.05. Analyses were conducted with SAS v9.4 (Cary, NC).

The nominal p-values are provided in the results. They were not adjusted for multiple
testing, in order that the reader can make an informed judgment. Adjustments for multiple
testing are controversial (Perneger 1998). Instead of performing such adjustment in this
work, we believe the best approach would be to perform similar testing in an independent
sample. It is relevant to point out that, because of significant linkage disequilibrium within
GM loci, not all tests performed in this study were independent. Thus, associations at 2
independent loci—GM and KM—were explored.

Cognitive function data were not available for 21 patients. Therefore, statistical analyses
involved GM genotype and cognitive function data from 124 patients.

All genotypes were in Hardy-Weinberg equilibrium. Table 1 presents the mean verbal
memory z-scores in relation to various GM and KM genotypes. Allelic variation at the KM
locus contributed to the interindividual variation in the verbal memory scores. The
association was significant for the genotype, additive, and dominant, but not for the
recessive, model of inheritance. The verbal memory scores were significantly lower in KM
1/1 homozygotes and KM 1/3 heterozygotes than in KM 3/3 homozygotes (-0.85 and —0.96
vs. —0.34; p=0.01). The GM genotypes were not associated with this cognitive function
domain. Table 2 presents the mean attention and processing speed z-scores in relation to
various GM and KM genotypes. Allelic variation at the GM 3/17 locus contributed to the
interindividual variation in the attention and processing speed. The association was
significant for the genotype, additive, and dominant, but not for the recessive, model of
inheritance. Attention and processing speed scores were significantly lower in GM 17/17
homozygotes than in GM 3/3 homozygotes and GM 3/17 heterozygotes (-1.12 vs. —0.19
and —0.43; p=0.001). The GM 23 and KM genotypes were not significantly associated with
this cognitive function.

No other significant associations were found.

Table 3 presents three significant epistatic interactions involving the 3 loci of interest and the
cognitive function domains. Although multiple epistasis models were assessed, only ones
with significant findings are presented. When more than one type of model yielded
significant findings, only the best fitting model (as determined by AIC) was presented. The
reference alleles in these analyses were GM 3 and KM 1. For attention processing z-scores,
there was a significant (p = 0.031) interaction between KM 1/3 and GM 3/17 (genotype x
dominant model); the presence of the GM 3 allele was associated with lower mean scores
among subjects with KM 1/1 (-1.45 vs. —0.44), but higher mean scores among subjects with
KM 1/3 (-0.53 vs. —1.38) or KM 3/3 (-0.10 vs. —-1.07).

For verbal fluency z-scores (Table 3), there was a moderately significant (p = 0.047)
interaction between KM 1/3 and GM 3/17 (recessive x additive). Among subjects without
the KM 3 allele, having the GM 3 allele was associated with higher z-scores, but among
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subjects with the KM 3 allele, having more copies of the GM 3 allele was associated with
lower scores.

For motor speed z-scores (Table 3), there was a significant (p = 0.003) interaction between
KM 1/3 and GM 23. Although there were no GM 23 +/+ homozygotes in this study
population and no subjects with both KM 1/1 and GM 23 +/-, having GM 23 +/- was
associated with higher mean scores among subjects with KM 1/3 (0.33 vs. —0.99) but lower
mean scores among subjects with KM 3/3 (-1.91 vs. —-0.61).

The results presented here show that GM and KM genotypes—individually and in particular
epistatic combinations—contribute to the magnitude of various cognitive functions in
patients with schizophrenia. There are several immunological mechanisms through which
these polymorphic genes could impact cognitive functions. The most likely mechanisms
would involve antibodies to self or non-self antigens that have been implicated in brain
pathology (Brimberg et al. 2015).

As stated earlier, exposure to neurotropic viruses CMV and HSV1 has been implicated in
cognitive impairment in patients with schizophrenia. GM alleles have been shown to
modulate immunoevasion strategies of both viruses. The HSV1-encoded FcyR, as well as
those encoded by the CMV genes UL119-UL118and RL13, has significantly higher affinity
for IgG1 proteins expressing the GM 17 allotype than for those expressing the allelic GM 3
allotype (Atherton et al. 2000; Pandey et al. 2015; Pandey et al. 2017). These results predict
that subjects expressing the high affinity GM 17 allele would be more likely to have their Fc
domains scavenged, thereby reducing their immunological competence to eliminate the virus
through ADCC and other Fc-mediated effector mechanisms. Consequently, they would be
expected to have higher degree of virally-induced/spurred cognitive impairment than those
expressing the low affinity allele. Consistent with this prediction, we found a highly
significant association between homozygosity for the GM 17 allotype and low scores for
attention and processing speed.

Molecular mimicry—immune response against antigens shared by the host and an
environmental trigger (e.g. gliadin)—could provide another mechanism for the GM gene
involvement in cognitive functions in schizophrenia. Non-celiac gluten sensitivity—
characterized by the presence of antibodies to gliadin but the absence of other biomarkers of
celiac disease—is significantly associated with a variety of neurological disorders, including
schizophrenia. The GM 23 allotype—which epistatically with the KM alleles influences the
motor speed in the present investigation—has been shown to be associated with antibody
responsiveness to gliadin (Weiss et al. 1983). There is immune cross-reactivity between
gliadin and synapsin 1 (Alaedini et al. 2007), a cytosolic phosphoprotein that is found in
most neurons and is involved in the regulation of neurotransmitter release (Li et al. 1995;
Humeau et al. 2001; Hilfiker et al. 2005). It is possible that anti-synapsin 1 antibodies
expressing particular GM alleles could differentially influence the magnitude of
neurotransmitter release and thus contribute to the interindividual variability in the cognitive
functions.
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Another mechanism for the GM gene involvement in cognitive functions could be through
the complement system, which has been implicated in synaptic pruning in schizophrenia
(Sekar et al. 2016; Presumey J et al. 2017). The C1q complex, which triggers the
complement cascade, has been shown to bind differentially to the 1gG antibodies expressing
different GM alleles (Bruggemann et al. 1987). It is possible that allelically different anti-
gliadin/synapsinl antibodies have differential affinity to C1q and thus differentially
influence the magnitude of the complement-mediated synaptic pruning, which could
influence the cognitive functions.

Allelically disparate IgG antibodies to neurotropic viruses, gliadin/synapsin 1, or to any
other cross-reacting brain antigen, if generated in the mother, could be transferred to the
developing fetal brain before the blood-brain barrier is formed. They could also gain access
to the brain antigens if the integrity of the blood-brain barrier is compromised (Brimberg et
al. 2015). These IgG antibodies could interact with allelically different FcyRs expressed on
neural cells (Okun et al. 2010) and cause ADCC, resulting in varying levels of cognitive
impairment. We have presented evidence for allelic interaction between the 1gG (GM) and
FcyR loci in the ADCC of HSV1-infected cells (Moraru et al. 2015).

It is also possible that there are other loci (on chromosomes 14 and 2) that regulate cognitive
functions in schizophrenia, distinct from GM and KM, whose alleles are in significant
linkage disequilibrium with those of the GM and KM loci. This putative linkage
disequilibrium could give rise to the associations observed.

This is the first report implicating GM and KM genes in the cognitive functions. It needs to
be replicated in an independent and larger multiethnic study population. It is hoped that the
results presented here would inspire further studies to investigate the role of (hitherto
understudied) the GM and KM genes in the immunobiology of schizophrenia.
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