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Genetic analysis suggests that schizophrenia is a polygenetic
disease, mostly consisting of common mutations with low
risk and rare mutations with higher risks [1]. Although data
suggests a strong genetic component to the risk of developing
schizophrenia, environmental and/or developmental risk factors
also contribute. Currently, there are no interventions that target
and mitigate the effects of any genetic risks for schizophrenia.
Therefore, a better understanding the environmental risk factors
for schizophrenia is also important. A growing body of evidence
is accumulating linking schizophrenia risk with inflammation
and alterations in the immune response. One specific example
is the increase in schizophrenia risk associated with infection
by the protozoan parasite Toxoplasma gondii. The mechanisms
associated with increasing the risk of schizophrenia due to
infectious disease and immune response has the potential to
be manipulated to mitigate the risk and to potentially reduce
the number of schizophrenia cases. As genetic sequencing data
has been shown to better predict schizophrenia, inclusion of
environmental risk factors, such as infectious agents, is likely to
enhance the prediction of individuals most at risk for developing
schizophrenia.
One mechanism contributing to schizophrenia that has
received growing attention in recent years is the activation of the
immune system and inflammation. Data to support this include
consistent associated with schizophrenia risk and a variant in
the major histocompatible region, including HLA regions, has
been reported. Other gene variants in toll-like receptors and
complement proteins have also been shown to be associated
with schizophrenia [2]. More recently, Pandey et al., found
one immunoglobulin gene allele significantly associated with
schizophrenia [3]. Additional data to support the link between
immune activation and inflammation include evidence of elevated
inflammatory cytokine patterns in patients with schizophrenia
consisting of an attenuated type 1 (IL-2 and interferon gamma)
and elevated type 2 (IL-6 and IL-10) immune response [4].
More recently, autoimmunity has been implicated as a potential
contributing factor for schizophrenia. Although studies are
limited, approximately 10% of acute, unmedicated patients with
schizophrenia show autoimmunity to the NMDA receptor [5].
Another mechanism linking glutamate neurotransmission and
the immune system is that immune activation alters kynurenine

production which can elevate levels of kynurenic acid, an NMDA
receptor antagonist [6]. Changes in kynurenine metabolism
resulting in an increase in kynurenic acid were reported in patients
with schizophrenia [7]. Anti-NMDA receptor autoimmunity and
enhanced synthesis of kynurenic acid are particularly relevant
as decreased activation of the NMDA receptor is an important
mechanism contributing to psychosis and the pathophysiology
of schizophrenia. Furthermore, both epidemiological data and
animal studies have also implicated previous infections and
immune activation with an increased risk of schizophrenia [8].

Infection with the protozoan parasite T. gondii has been
found to be a relatively strong risk factor for schizophrenia
with an average odds ratio of 2.7 [9]. This association is based
on an increased incidence of schizophrenia in individuals with
antibodies to T. gondii [10]. Additionally, a dose–response
relationship exists such that the risk of schizophrenia increases
with increasing levels of T. gondii antibodies [11,12]. In addition
to an association with the incidence of schizophrenia, infection
with T. gondii has also been found associated with both an
increase in the severity of schizophrenia symptoms as well as
the amount of pathological changes in the brain, specifically a
reduction in gray matter [13-15].

In addition to the epidemiology data, animal studies have
shown that T. gondii infection can alter behaviors in rodents and
produce neurochemical, molecular and biochemical changes
in the brain that are similar to those found in patients with
schizophrenia. T. gondii infection in rodents has been reported
to affect dopamine neurochemistry and behaviors associated
with dopamine neurotransmission [16,17]. Toxoplasma gondii
expresses two tyrosine hydroxylases which can convert tyrosine
to DOPA, the rate limiting step in dopamine synthesis [18].
This increase in dopamine synthesis has been proposed as the
mechanism through which T. gondii infection contributes to an
increased risk for schizophrenia. However, T. gondii cysts that
form in brain tissue also produce inflammation [19]. Notarangelo
et al., reported that T. gondii infection elevates cerebral kynurenic
acid [20]. Recently, Xiao et al., found that T. gondii infection
elevated matrix antigen MAG1 antibodies which correlated with
cyst burden and alterations in amphetamine stimulated activity
[21]. Antibody titers to T. gondii were also associated with open

Cite this article: Eells JB (2016) Schizophrenia, Inflammation and Toxoplasma gondii Infection JSM Schizophr 1(1): 1001.

Eells (2016)
Email:


Central


Bringing Excellence in Open Access

field activity [22]. Furthermore, behavioral changes can persist
even after clearance of T. gondii cysts, which argues against
the enhanced production of dopamine via the cysts for some
behavioral changes [23]. More recently, Kannan et al. found that T.
gondii infections in juvenile mice had a differential effect on MK801 altered prepulse inhibition and had a significantly greater
increase in NMDA receptor auto antibodies [24]. Toxoplasma
gondii infection also elevated complement protein C1q expression
and activity [24]. Collectively, these data suggests that the
mechanism through which T. gondii infection increases the risk
of schizophrenia is likely due, at least in part, on the activation of
the immune system and the subsequent inflammatory changes.
Therefore, T. gondii infection could contribute to an increase
risk of schizophrenia via shared pathways with other types of
infectious agents and autoimmunity.

Currently, a serious gap in treating schizophrenia patients is
the inability to reliably predict individuals that will develop the
disease and identify the most effective therapies for each patient.
As the causes of schizophrenia are multifaceted, involving both
genetic and environmental risks, predicting the course of the
disease will require a combination of both of these variables.
The advancement of gene sequencing has provided a better
understanding of how multiple genetic variants interact to
contribute to schizophrenia and will likely aid in determining
individuals at risk for developing schizophrenia and potentially
be useful for guiding treatment. The epidemiology and animal
studies suggest that antibody titers to T. gondii could be useful in
enhancing value of genetic sequencing information and/or family
history to predict at risk individuals, the severity of the disease
and potential treatments. The timing of T. gondii infection could
also be very informative, as infections in childhood are likely to
have a greater effect.

In addition to T. gondii, the immune response to other
infectious agents could also be useful for predicting risk of
developing schizophrenia and/or guiding therapy. Xu et al.,
demonstrated a method to assess multiple antigens from
infectious agent that an individual has been exposed [25].
Therefore, gene sequencing information in combination with
knowledge of the pathogens an individual has been exposed and
when that exposure occurred is likely to greatly enhance the
ability to predict who will develop schizophrenia and severity
of the disease [26]. As several anti-inflammatory treatments
have shown efficacy in attenuating schizophrenia symptoms,
this information could also be used to select patients that could
benefit the most from this type of treatment [27]. The ability to
predict disease provides an opportunity to develop therapies
to stop or mitigate the disease process to prevent occurrence
of schizophrenia cases or minimize the severity of the disease
[28]. The combination of genetic liability with knowledge about
exposure to infectious agents also has the potential to determine
the mechanisms for these interactions as there is a likely overlap
between the genetic risk factors and the genes and pathways
modified by environmental risk factors that contribute to
schizophrenia.
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