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SCHIZOPHRENIA IN TRANSLATION

Psychiatric Disorders in Toxoplasma Seropositive Patients—The CD8 Connection
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Although the highest numbers of studies linking an infec-
tious agent with schizophrenia has involved the parasite
Toxoplasma gondii, the mechanistic underpinnings of this
correlation has remained unaddressed. Incidentally, CD8
T cells, which play a pivotal role in mediating long-term
immunity to Toxoplasma, are downregulated in schizo-
phrenia patients. Recent studies have demonstrated that
CDS8 response is also impaired during chronic toxoplas-
mosis in murine models. In light of these new findings, in
this article, we discuss the potential role of CD8 T cells in
causing altered mental status in Toxoplasma seropositive
schizophrenia patients.
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Introduction

Toxoplasmosis is caused by Toxoplasma gondii, an obli-
gate intracellular protozoan well known as the causative
agent of Toxoplasmic encephalitis, which occurs due to
reactivation of chronic Toxoplasma infection in immu-
nosuppressed patients. Prevalence rates of Toxoplasma
are dependent on the geographical location, among other
factors, and can range upto 80% of a population.' This
combined with the fact that this pathogen has a broad
host range’* makes it one of the most successful proto-
zoan parasites. In warm-blooded intermediate hosts
including humans, the parasite initially undergoes stage
conversion to the highly motile and rapidly proliferat-
ing tachyzoite stage that is responsible for acute toxo-
plasmosis. This phase of infection in immunocompetent
individuals is usually asymptomatic or manifested by
mild flu-like symptoms. However, under immune pres-
sure, majority of tachyzoites are eliminated, and the
residual parasites persist life long in quiescent form as
slowly replicating encysted bradyzoites in immune-priv-
ileged sites such as neurons and muscles. Till recently,
the later phase of infection referred to as chronic phase

was considered asymptomatic.> However, a growing body
of convincing evidence suggests a strong association
between Toxoplasma infection and altered mental status
including schizophrenia, dementia, personality changes,
and suicidal tendencies among others even in immuno-
competent individuals.*> Similarly, behavioral changes
such as reduced neophobia® and increased attraction to
feline odors’ have been noted in rodent models of infec-
tion. Considering that genome-wide association studies
of schizophrenia have shown weak-effect correlations,®
exploration of how nongenetic risk factors such as infec-
tious disease agents interact with schizophrenia predis-
posing genes has gained importance.* Significantly, the
largest number of studies associating an infectious dis-
ease agent to schizophrenia has involved Toxoplasma.*
The correlation between Toxoplasma seropositivity and
schizophrenia is further strengthened by the observation
that several antipsychotic drugs commonly used for treat-
ing these patients also inhibit Toxoplasma replication in
vitro.” While these reports strongly correlate 7. gondii
seroprevalence with altered mental status, the mecha-
nistic underpinnings of this association has remained
unaddressed. In this article, we examine the possibility of
immune factors namely CD8 T cells and their potential
role in causing altered mental status in individuals sero-
positive for Toxoplasma.

Toxoplasmosis and Schizophrenia—The CD8
Connection

Recent studies of schizophrenic patients have revealed
dampened CD8 T-cell immunity in such subjects.!*!
Similarly, patients with Alzheimer’s disease!* exhibit
reduced CD8 T cell numbers, a condition that
shares similarities in terms of molecular pathogenic
mechanisms with schizophrenia.'® Interestingly, a recent
study has demonstrated that vaccination approaches
that enhance CD8 immunity helps to mitigate disease
progression in a murine model of Alzheimer’s disease.'®
Incidentally, CD8 T cells, primarily via production of

© The Author 2013. Published by Oxford University Press on behalf of the Maryland Psychiatric Research Center.
All rights reserved. For permissions, please email: journals.permissions@oup.com


mailto:imti56@gwu.edu

R. Bhadra et al.

the cytokine IFNY, play a pivotal role in keeping chronic
Toxoplasma infection under control.> Depletion of these
cells in chronically infected immunocompetent mice
results in reconversion of encysted quiescent parasites
to the acute stage-associated form, concomitant with
disease recrudescence.’” Memory CD8 T cells are
believed to persist life long, and reencounter with the
pathogen can mediate protective responses in self-
resolving infectious diseases.!® However, recent studies
from our laboratory have reported progressive loss
of CD8 T cell functionality (dysfunction in terms of
proliferation, cytotoxicity, cytokine production, and
survival) during chronic toxoplasmosis in certain strains
of mice.” This phenomenon referred to as “exhaustion”
raises an important question: Does CD8 exhaustion
contribute to altered mental status (as well as severity)
in Toxoplasma seropositive patients? While this paradigm
of CDS8 exhaustion has been extensively explored in
chronic infectious diseases and cancer models,? its role
in mediating (or exacerbating) mental disorders has
remained almost entirely unaddressed. As CD8 immunity
is reduced in schizophrenic patients,'®!! it is conceivable
that a partial loss of CD8 functionality could result in
periodic reactivation of some of the quiescent 7. gondii
parasites, resulting in focal necrosis and localized
inflammation (contributed by innate immune cell-
produced cytokines). Such accrued damage of nervous
system potentially over time could result in some of the
various forms of mental impairment noted above.
Because Toxoplasma seropositivity can be as high as
80% in certain regions, it raises the question of why only
a minor subset of Toxoplasma seropositive individuals
develop serious mental impairments? Apart from being
underdiagnosed, multiple genetic factors and environ-
mental cues, both immune system dependent and immune
system independent, could be involved. For the purpose
of this review, we will exclusively focus on CD8 T cell-
related factors that can result in exacerbated dysfunction
of these cells. The signal transduction pathway respon-
sible for CD8 exhaustion in chronic Toxoplasma-infected
mice is PD1-PD-L1. PD-1, an inhibitory molecule is
transiently expressed on activated CD8 T cells during
acute viral, bacterial, and parasitic infections, and once
resolved, its expression is downregulated.”! Interaction
of this molecule with its receptor PD-L1 restrains T-cell
immunity and prevents pathology during acute response.*!
However, during certain chronic infections, the PDI-
PD-L1 pathway is usurped by pathogens such as human
immunodeficiency virus and others.”! As a result, PD-1 is
not downregulated on CDS8 T cells even after resolution
of acute-phase Toxoplasma infection, and its expression
is further upregulated progressively during the chronic
phase. This results in graded loss of function and elevated
apoptosis of CD8 T cells in a PD-1-dependent manner
over time." Cats and other felines constitute the definitive
host for Toxoplasma,? and individuals who are constantly
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exposed to these animals are at risk for repeated high dose
of infection. In agreement with this notion, preliminary
experiments from our laboratory reveal that initial infec-
tive dose and early control of acute-phase infection are
strong predictors of the degree of PD-1 expression and
CD8 exhaustion in murine models'® (unpublished data).

Dopamine Signaling and the CD8 Connection

Multiple studies suggest that increased dopamine signal-
ing may contribute to schizophrenia.?? Incidentally, brain
dopamine activity declines with age.?? This may perhaps
explain why despite increased seroprevalence of 7. gondii
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Fig. 1. Exhausted CD8 T cells expressed elevated levels of
Dopamine Receptor D1 (DRDI). (A) Dopamine levels were
assessed by enzyme-linked immuno sorbent assay in plasma
collected from C57BL/6 mice infected orally with 10 cysts of
Toxoplasma gondii (ME49 strain). (B) PD-1 and DRD1 expres-
sions were evaluated by polychromatic flow cytometry on brain
CDS8 T cells from chronically infected mice (week 6). The top panel
depicts the percentage of CD8 T cells that stain for PD-1 and
DRDI1 (or control antibody) as contour plots. The bottom panel
represents as bar graphs the percentage of DRDI1 expressing CD8
T cells in healthy (PD-[inermediatelion) and exhausted (PD-1"e") CD8
subsets. The data is representative of 2 experiments with at least 4
mice per condition. Error bars represent SE throughout.
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1 Primarily non-encysted, fast-replicating and highly motile form of the parasite.

2Primarily encysted and quiescent form of the parasite that is belived to persist life-long in the infected host.

3 Adaptive immune cells that are critical for control of chronic toxoplasmosis.

4T cell receptor (TCR) present on T cell surface permits T cell recognition of antigen (endogenous or foreign antigens).

5Vesicles that contain granzymes and perforin which kill infected taget cells via directed release.

6 cytokine that is pivotal for control of both acute and chronic toxoplasmosis.

A cytokine that is important for control of chronic toxoplasmosis.

8Apoptosis is defined as programmed cell death which limits damage to neighbouring cells.
PD-1 is a negative costimulatory molecule. High expression of this molecule on CD8 T cells results in their apoptosis
and loss of functionality.

Fig. 2. Altered mental status in Toxoplasma seropositive individuals and CDS8 T cells. In normal adults chronically infected with
Toxoplasma, CD8 T cells primarily via production of IFNy ensure that parasites remain quiescent. We postulate that altered mental sta-
tus in Toxoplasma seropositive adults is a result of inappropriate CD8 T-cell response. This may be due CD8 T-cell exhaustion (Scenario
A) ie, initially functional CD8 T cells lose their functionality over time (IFNvy, TNFa, and cytotoxicity) and undergo apoptosis due
to high expression of the inhibitory molecule PD-1. Attrition of CD8 response can result in partial reactivation of parasites involving
stage conversion of the pathogen from quiescent encysted stage (bradyzoites) to fast-replicating and highly motile form (tachyzoites).
This results in direct parasite-mediated pathology of brain tissue and pathology induced by inflammation, leading to altered mental
status. Alternatively (Scenario B), this may be a result of augmented CD8 T-cell response due to downregulation of negative regulators
of T-cell response such as PD-1. Excessive inflammation can result in pathology that may lead to altered behavior and cognition in
Toxoplasma seropositive patients.
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with age in the United States,® the younger popula-
tion remains highly susceptible to incidence of schizo-
phrenia (http://www.nimh.nih.gov/health/publications/
the-numbers-count-mental-disorders-in-america/index.
shtml#RobinsEpi). Significantly, tyrosine hydroxylase,
a rate-limiting enzyme in dopamine biosynthesis is also
produced by Toxoplasma.? Thus, it is hardly surprising
that Toxoplasma-infected cells produce high amounts of
dopamine.” Interestingly, dopamine by itself has been
shown to activate dopaminergic receptors (D1-D5) on
human T cells*® and inhibit cytotoxicity and prolifera-
tion of CD8 T cells.”” Preliminary studies from our labo-
ratory reveal that concomitant with progressive CD8
exhaustion, plasma dopamine levels are consistently
elevated (although not significantly) in mice chronically
infected with Toxoplasma (figure 1A). Additionally, CD8
T cells exhibiting high levels of the exhaustion marker
PD-1, also coexpress augmented levels of dopamine
receptor D1 (figure 1B). While admittedly this evidence
is not definitive, it strongly suggests a close association
among dopamine signaling, CD8 T-cell exhaustion, and
schizophrenia, which needs to be further investigated.
Carefully controlled studies in human and animal mod-
els are needed to interpret broader significance of these
findings.

Conclusions

Based on evidence pointing toward downregulated T-cell
response in schizophrenia patients and the overarching
role played by this subset in mediating long-term
protection against Toxoplasma, in this article, we have
emphasized the putative role of attenuated CDS8 T-cell
response in mediating (or augmenting) schizophrenia in
Toxoplasma seropositive individuals. Although based
on current evidence it is less likely, the potential role
of pathology caused by hyperactivated CD8 T cells
needs to be considered as well (figure 2). Incidentally
deficient PD-1 signaling as a result of PD-1 gene
polymorphisms in humans has been associated with
various autoimmune diseases.”?’ Combined, this article
creates a strong case for dissecting CD8 T-cell biology in
Toxoplasma seropositive schizophrenia patients and in
seropositive asymptomatic individuals and Toxoplasma
seronegative schizophrenia patients. Data gleaned from
such studies in combination with animals models (where
behavioral changes are noted as well) may provide more
definitive evidence on the potential role of CDS8 T cells
in mediating schizophrenia in Toxoplasma seropositive
individuals and create a rational basis for developing
novel therapeutic approaches.
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