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Abstract

Although an immune dysfunction and the involvement of infectious agents in the pathophysiology
of schizophrenia are discussed since decades, the field never came into the mainstream of research.
In schizophrenia a blunted type-1 immune response seems to be associated with a dysbalance in the
activation of the enzyme indoleamine 2,3-dioxygenase (IDO) and in the tryptophan - kynurenine
metabolism resulting in increased production of kynurenic acid in schizophrenia. This is associated
with an imbalance in the glutamatergic neurotransmission, leading to an NMDA antagonism in
schizophrenia. The immunological effects of antipsychotics rebalance partly the immune imbalance
and the overweight of the production of the kynurenic acid. This immunological imbalance results
in an inflammatory state combined with increased prostaglandin E, (PGE,) production and increased
cyclo-oxygenase-2 (COX-2) expression. COX-2 inhibitors have been tested in clinical trials, pointing
to favourable effects in schizophrenia.
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Introduction

Pathophysiological studies in schizophrenia were focussed on disturbances of the
dopaminergic neurotransmission over decades without convincing results, antipsychotic
antidopaminergic drugs still show unsatisfactory therapeutic effects. New concepts in the
biological research of schizophrenia are required.

Recently, genetic data from multiple large cohorts of patients were published in ‘Nature’
showing that different gene loci located on chromosome 6p22.1 are the most probable
susceptibility genes for schizophrenia (Shi et al., 2009; Stefansson et al., 2009; Purcell et al.,
2009).

The region includes several genes of interest, which are related to the immune function. The

strongest evidence for association was observed in or near a cluster of histone protein genes

which could be relevant through their roles in regulation of DNA transcription or repair, i.e.

in epigenetics (Costa et al., 2007), or their direct role in antimicrobial defence (Kawasaki and
Iwamuro, 2008). Moreover, several genes of the HLA complex, which regulate the immune

function and already earlier have been discussed to be involved in schizophrenia, are located
in these regions (Fellerhoff et al., 2007).

Although an immune dysfunction and the involvement of infectious agents in the
pathophysiology of schizophrenia are discussed since decades, the field never came into the
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mainstream of research. These genetic findings and further recent interesting observations,
however, may contribute shifting research into the direction of immunological alterations and
inflammation as cause for schizophrenia.

Infectious agents such as cytomegalo-, influenza-, borna-virus, Chlamydia, toxoplasma gondii
and many others have been discussed to be involved in schizophrenia, but results from animal
models of schizophrenia indicate that not a certain virus or other infectious agent but the
immune response determines the risk for schizophrenia: Immune stimulants such as
lipopolysaccharides or poly I:C, which mimick a bacterial or viral infection both lead to typical
behaviour alterations in the offsprings of animals (Zuckerman and Weiner, 2005; Winter et al.,
2009). In humans it could be shown that increased maternal levels of the pro-inflammatory
cytokine Interleukin-8 (IL-8) during pregnancy are associated with an increased risk for
schizophrenia in the offspring — whatever the reason for increased IL-8 was (Brown, 2006).

There is no doubt that the dopaminergic neurotransmission plays an important role in the
pathophysiology of schizophrenia. Although the role of dopamine in schizophrenia has
intensely been studied, the exact underlying pathological mechanisms are still unclear.

Dopaminergic hyperfunction in the limbic system and dopaminergic hypofunction in the
frontal cortex are discussed to be the main neurotransmitter disturbances. Recent research
provides further insight that glutamatergic hypofunction might be the cause for this
dopaminergic dysfunction in schizophrenia (Swerdlow et al., 2009). The function of the
glutamatergic system is closely related to the immune system and to the tryptophan-kynurenine
metabolism, which both seem to play a key role in the pathophysiology of schizophrenia
(Mller and Schwarz, 2007b; Muller and Schwarz, 2007a).

The immune response and the type-1 and type-2 polarization

The innate immune system is the phylogenetic oldest part of the immune response, e.g. natural
killer (NK-) —cells and monocytes as the first barrier of the immune system being part of it.
The adaptive immune response with the antibody producing B-lymphocytes, the T-
lymphocytes and their regulating ‘immunotransmitters’, the cytokines, is the specifically acting
component of the immune system. Cytokines regulate all types and all cellular components of
the immune system including the innate immune system. Helper T-cells are of two types, T-
helper-1 (TH-1) and T-helper-2 (TH-2). TH-1 cells produce the characteristic ‘type-1’
activating cytokines such as Interleukin-2 (IL-2) and Interferon-y (IFN-y). However, since not
only TH-1 cells but also certain monocytes/macrophages (M1) and other cell-types produce
these cytokines, the immune response is named type-1 immune response. The humoral —
antibody producing - arm of the adaptive immune system is mainly activated by the type-2
immune response. TH-2 or certain monocytes/macrophages (M2) produce mainly IL-4, IL-10,
and IL-13 (Mills et al., 2000). Another terminology separates the cytokines into pro-
inflammatory and anti-inflammatory ones. Pro-inflammatory cytokines such as tumor-
necrosis-factor-o(TNF-a) and IL-6 are primarily secreted from monocytes and macrophages,
activating other cellular components of the inflammatory response. While TNF-a is an
ubiquitous expressed cytokine mainly activating the type-1 response, IL-6 also activates the
type-2 response including the antibody production. Anti-inflammatory cytokines such as IL-4
and IL-10 help to down-regulate the inflammatory immune response.

The type-1 immune system promotes the cell-mediated immune response directed against
intracellular pathogens, whereas the type-2 response helps B-cell maturation and promotes the
humoral immune response including the production of antibodies directed against extracellular
pathogens. Type-1 and type-2 cytokines antagonize each other in promoting their own type of
response, while suppressing the immune response of the other, therefore the term “polarized’
is used.
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Inflammation in schizophrenia

Infection during pregnancy in mothers of off-springs later developing schizophrenia has been
repeatedly described, in particular in the second trimester (Brown et al., 2004; Buka et al.,
2000). As opposed to any single pathogen, the immune response, itself, of the mother may be
related to the increased risk for schizophrenia in the offspring (Zuckerman and Weiner,
2005). Indeed, increased IL-8 levels of mothers during the second trimenon were associated
with an increased risk for schizophrenia in the offspring (Brown et al., 2004). A five-fold
increased risk for developing psychoses later on, however, was detected after infection of the
CNS in early childhood (Brown et al., 2004; Gattaz et al., 2004). These data were confirmed
in recent studies (Koponen et al., 2004; Brown, 2008; Dalman et al., 2008).

Signs of inflammation were found in schizophrenic brains (Kérschenhausen et al., 1996), and
the term ‘mild localized chronic encephalitis’ to describe a slight but chronic inflammatory
process in schizophrenia was proposed (Bechter, 2001).

Type-1 and type-2 immune response in schizophrenia

A well established finding in schizophrenia is the decreased in vitro production of IL-2 and
IFN-y (Wilke et al., 1996; Miiller et al., 2000), reflecting a blunted production of type-1
cytokines. Decreased levels of neopterin, a product of activated monocytes/macrophages, also
point to a blunted activation of the type-1 response (Sperner-Unterweger et al., 1999a). The
decreased response of lymphocytes after stimulation with specific antigens reflects a reduced
capacity for a type-1 immune response in schizophrenia, as well (Mdiller et al., 1991). ICAM-1
is a type-1 related protein and a cell-adhesion molecule expressed on macrophages and
lymphocytes. Decreased levels of the soluble (s) inter-cellular adhesion molecule-1 (ICAM-1),
as found in schizophrenia, also represent an under-activation of the type-1 immune system
(Schwarz et al., 2000). Decreased levels of the soluble TNF-receptor p55 — mostly decreased
when TNF-o is decreased — were observed, too (Haack et al., 1999). A blunted response of the
skin to different antigens in schizophrenia was observed before the era of antipsychotics
(Molholm, 1942). This finding could be replicated in unmedicated schizophrenic patients using
a skin test of the cellular immune response (Riedel et al., 2007). However, there are some
conflicting results indicating possibly increased levels of type-1 cytokines in schizophrenia
(Bresee and Rapaport, 2009). The latest meta-analysis showed dominant pro-inflammatory
changes in schizophrenia but not the Th2 cytokines (Potvin et al., 2008). After including
antipsychotic medication effects into the analysis — these effects on immune parameters are
discussed below — only increases of IL-1 receptor antagonist serum levels and of IL-6 serum
levels were found. The results of this meta-analysis support the view, that antipsychotic
medication is a confounding factor in the analysis of the immune system in schizophrenia, up-
regulating type-1 immune markers. Therefore studies of the immune system should regard the
antipsychotic medication.

One study showed an increased of the type-1 cytokine IFN-y in unmedicated schizophrenics
(Kim et al., 2004) but methodological concerns have to be raised because the majority of
samples of patients and controls were under the detection limit of IFN-y. Several type-1
parameters, hypothesized to be down-regulated in schizophrenia, were not included into the
metaanalysis, because only a few studies have been performed in unmedicated patients.

Moreover, several other signs of activation of the type-2 immune response are described in
schizophrenia, including the increased Th2 type of lymphocytes in the blood (Sperner-
Unterweger et al., 1999b), the increased production of Immunoglobulin E (IgE) and an increase
of IL-10 serum levels (Schwarz et al., 2001; van Kammen et al., 1997). In the CSF, IL-10 levels
were found to be related to the severity of the psychosis (van Kammen et al., 1997).
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The key cytokine of the type-2 immune response is IL-4. Increased levels of IL-4 in the CSF
of juvenile schizophrenic patients have been reported (Mittleman et al., 1997), which indicates
that the increased type-2 response in schizophrenia is not only a phenomenon of the peripheral
immune response.

Different stages of immune-dysfunction in schizophrenia?

Several reports described increased serum IL-6 levels in schizophrenia (Cazzullo et al.,
1998). IL-6 serum levels might be especially high in patients with an unfavourable course of
the disease (Lin et al., 1998) and in patients with a long duration of the disease (Ganguli et al.,
1994). On the other hand, a significant relationship between the soluble IL-6R levels in the
CSF and the paranoid-hallucinatory symptoms in schizophrenia have been reported (Muller et
al., 1997a). A decreased level of the IL-6-complex functionally inhibiting molecule soluble
gp130 in the CSF were detected, too, pointing a functional increase of IL-6 in schizophrenia
(own unpublished results). IL-6 is a product of activated monocytes and some authors refer it
as a marker of the type-2 immune response, although it is acting as a pro-inflammatory
cytokine, too. The data show, however, that the immune response in schizophrenia is
confounded by factors partly disease-inherent such as duration of disease, chronicity,
prevailing symptoms or therapy response, partly other factors such as antipsychotic medication,
smoking etc. The relationship between the long duration of disease, therapy resistance and high
IL-6 levels point to differential immune processes possibly taking place in different stages of
schizophrenia. It can be hypothesized that the blunted type-1 response is found primarily in
early stages of schizophrenia, while a chronic pro-inflammatory stage with an overweight of
the type-2 response including high IL-6 levels may predominate in later stages. Since IL-6 also
induces autoimmunity, in later stages an autoimmune process may additionally play a role.
The autoimmune hypothesis of schizophrenia has been discussed over decades (Knight,
1984; Hanson and Gottesman, 2005).

The view of different immune stages can also be underlined from the view of therapeutic
studies: as it is discussed later, cyclo-oxygenase-2 inhibitors have therapeutic effects in early
stages of schizophrenia, but seemingly only marginal effects in late stages.

Therapeutic mechanisms and the type-1/type-2 imbalance in schizophrenia

In-vitro studies show that the blunted IFN-y production becomes normalized after therapy with
neuroleptics (Wilke et al., 1996). An increase of ‘memory cells’ (CD4*CD45R0O* cells) - one
of the main sources of IFN-y production - during anti-psychotic therapy with neuroleptics was
observed by different groups (Miller et al., 1997¢). Additionally, an increase of sIL-2R - the
increase reflects an increase of activated, IL-2 bearing T-cells - during anti-psychotic treatment
was described (Maller et al., 1997b). The reduced sSICAM-1 levels show a significant increase
during short term anti-psychaotic therapy (Schwarz et al., 2000) and the ICAM-1 ligand
leucocyte function antigen-1 (LFA-1) shows a significantly increased expression during anti-
psychatic therapy (Mdiller et al., 1999). The increase of TNF-a and TNF-a. receptors during
therapy with clozapine was observed repeatedly (Pollméacher et al., 2001). Moreover, the
blunted reaction to vaccination with salmonella typhii was not observed in patients medicated
with anti-psychotics (Ozek et al., 1971). An elevation of IL-18 serum levels was described in
medicated schizophrenics (Tanaka et al., 2000). Since 1L-18 plays a pivotal role in the type-1
immune response, this finding is consistent with other descriptions of type-1 activation during
antipsychotic treatment.

Regarding the type-2 response, several studies point out that anti-psychotic therapy is
accompanied by a functional decrease of the IL-6 system (Maes et al., 1997; Miiller et al.,
2000). These findings provide further evidence that antipsychotics have a ‘balancing’ effect
on cytokines.
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Divergent effects of the role of type-1/type-2 immune activation are
associated with different effects to the kynurenine metabolism in
schizophrenia

The only known naturally occurring NMDA receptor antagonist in the human CNS is kynurenic
acid (KYNA). KYNA is one of the at least three neuroactive intermediate products of the
kynurenine pathway. Kynurenine (KYN) is the primary major degradation product of
tryptophan (TRP). While the excitatory KYN metabolites 3-hydroxykynurenine (3HK) and
quinolinic acidolinic acid (QUINOLINIC ACID) are synthesized from KYN en route to NAD,
KYNA is formed in a dead end side arm of the pathway Fig. (1) (Schwarcz and Pellicciari,
2002).

KYNA acts both, as a blocker of the glycine co-agonistic site of the NMDA receptor and as a
non-competitive inhibitor of the a7 nicotinic acetylcholine receptor (Hilmas et al., 2001).

The production of KYN metabolites is partly regulated by IDO and tryptophan 2,3-dioxygenase
(TDO). Both enzymes catalyze the first step in the pathway, the degradation from tryptophan
to kynurenine. Type-1 cytokines, such as IFN-y and IL-2 stimulate the activity of IDO
(Grohmann et al., 2003).

There is a mutual inhibitory effect of TDO and IDO: a decrease in TDO activity occurs
concomitantly with IDO induction, resulting in a coordinate shift in the site (and cell types) of
tryptophan degradation (Takikawa et al., 1986). While it has been known for a long time that
IDO is expressed in different types of CNS cells, TDO was thought for many years to be
restricted to liver tissue. It is known today, however, that TDO is also expressed in CNS cells,
probably restricted to astrocytes (Miller et al., 2004).

The type-2 or Th-2 shift in schizophrenia may result in a down-regulation of IDO through the
inhibiting effect of Th2 cytokines. TDO, on the other hand, was shown to be over-expressed
in post mortem brains of schizophrenic patients (Miller et al., 2004). The type-1/type-2
imbalance with type-2 shift is therefore associated with over-expression of TDO.

Additionally, the type-1/type-2 imbalance is associated with the activation of astrocytes and
an imbalance in the activation of astrocytes/microglial cells (Aloisi et al., 2000). The functional
overweight of astrocytes may lead to a further accumulation of KYNA.

Indeed, a study referring to the expression of IDO and TDO in schizophrenia showed exactly
the expected results. An increased expression of TDO compared to IDO was observed in
schizophrenic patients and the increased TDO expression was found, as expected, in astrocytes,
not in microglial cells (Miller et al., 2004).

Imaging studies — support for the inflammation hypothesis?

Inflammatory changes, such as demyelinating plaques in MS or in acute viral encephalitis do
not present themselves in neuroimaging studies of schizophrenia or depression. There is,
however, a progressive loss of brain-volume in schizophrenia.

In schizophrenia, there is no doubt that a smaller volume of the CNS can be observed already
during the first episode and a progressive loss of the CNS volume including gray matter occurs
during the further course of the disease especially in schizophrenics with a poor outcome
(Gogtay et al., 2008; Steen et al., 2006). A relationship between the volume loss and an
increased genetic risk for higher production of the immune marker IL-1 was described
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(Meisenzahl et al., 2001), as well as morphological changes of brain volume and increased
IL-6 CSF levels in acute schizophrenia (Garver et al., 2003).

With the positron emission tomography, a ligand (PK 11195) for microglial activation which
is increased in inflammatory processes in the CNS can be estimated (Versijpt et al., 2003). In
schizophrenia, increased expression of PK11195 as hint for an inflammatory process could be
shown (van Berckel et al., 2008). Another PET-study using the same ligand PK11195 could

replicate the finding of an increased expression of this marker of an inflammatory process in
patients during an acute exacerbation of schizophrenia. This increase was in particular found
in the hippocampus of the patients (Doorduin et al., 2009).

Following the hypothesis of an ongoing immune process, it would be expected that the brain
volume reductions, regularly found in schizophrenia, are not only due to a neurodevelopmental
disturbance (Jakob and Beckmann, 1986), but also directly preceding the first episode of
schizophrenia and, being further progressive. In fact, the Edinburgh High Risk Study, recently
showed that a marked reduction of the inferior temporal gyrus over the time preceded the first
onset of schizophrenia (Job et al., 2006) and the progressive loss of brain volume has repeatedly
been demonstrated (e.g. (Chakos et al., 2005)).

Volume loss might be the result of different pathological processes, other than inflammatory
causes may play a role. Nevertheless, the results of these studies are encouraging and further
studies should focus on the relationship between inflammatory markers in the blood, CSF,
CNS and the volume loss.

Astrocytes, microglia, and type-1/type-2 response

The cellular sources for the polarized immune response in the CNS are astrocytes and microglia
cells. Microglial cells, deriving from peripheral macrophages, secrete preferably type-1
cytokines such as IL-12, while astrocytes inhibit the production of 1L-12 and ICAM-1 and
secrete the type-2 cytokine IL-10 (Aloisi et al., 1997). Therefore, the type-1/type-2 imbalance
in the CNS seems to be represented by the imbalance in the activation of microglial cells and
astrocytes, although it has to be taken into consideration that the production of cytokines by
astrocytes and microglial cells depends from the activation conditions. The view of an over-
activation of astrocytes in schizophrenia is supported by the finding of increased levels of
S100B -a marker of astrocyte activation — independent of the medication state of the
schizophrenic patients (Rothermundt et al., 2004). Microglia activation, however, was only
found in a small percentage of schizophrenics and is speculated to be a medication effect
(Bayer et al., 1999). A type-1 immune activation as an effect of neuroleptic treatment has
repeatedly been observed.

The tryptophan- kynurenine metabolism in schizophrenia

In contrast to microglial cells which produce quinolinic acidolinic acid, astrocytes play a key
role in the production of KYNA in the CNS. Astrocytes are the main source of KYNA (Heyes
etal., 1997). The cellular localization of the kynurenine metabolism is primarily in
macrophages and microglial cells, but also in astrocytes (Kiss et al., 2003). KMO, however, a
critical enzyme in the kynurenine metabolism, is absent in human astrocytes (Guillemin et al.,
2001). Accordingly, it has been described that astrocytes cannot produce the product 3-
hydroxykynurenine (3-HK) but they are able to produce large amounts of early kynurenine
metabolites, such as KYN and KYNA (Guillemin et al., 2001). This supports the observation
that inhibition of KMO leads to an increase of the KYNA production in the CNS (Chiarugi et
al., 1996). The complete metabolism of kynurenine to quinolinic acidolinic acid is observed
mainly in microglial cells, only a small amount of quinolinic acid is produced in astrocytes via
aside-arm of the kynurenine metabolism. Therefore, due to the lack of kynurenine-hydroxylase
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(KYN-OHSse), in case of high tryptophan breakdown to KYN, KYNA may accumulate in
astrocytes.

A second key-player in the metabolisation of 3-HK are monocytic cells infiltrating the CNS.
They help astrocytes in the further metabolism to quinolinic acidolinic acid (Guillemin et al.,
2001). However, the low levels of SICAM-1 (ICAM-1 is the molecule that mainly mediates
the penetration of monocytes and lymphocytes into the CNS) in the serum and in the CSF of
nonmedicated schizophrenic patients (Schwarz et al., 2000) and the increase of adhesion
molecules during antipsychaotic therapy indicate that the penetration of monocytes may be
reduced in nonmedicated schizophrenic patients (Mdiller et al., 1999).

COX-2 Inhibition as therapeutic approach in schizophrenia

Animal studies show that COX-2 inhibition can lower the increase of the pro-inflammatory
cytokines IL-1B, TNF-a, and of PGEy, but it can also prevent clinical symptoms such as anxiety
and cognitive decline, which are associated with this increase of pro-inflammatory cytokines
(Casolini et al., 2002). Moreover, treatment with the COX-2 inhibitor celecoxib — but not with
a COX-1 inhibitor - prevented the dysregulation of the hypothalamus-pituitary-adrenal-axis,
in particular the increase of cortisol, one of the biological key features associated with
depression (Casolini et al., 2002; Hu et al., 2005). This effect can be expected because PGE,
stimulates the HPA-axis in the CNS (Song and Leonard, 2000) and PGE, is inhibited by COX-2
inhibition. Moreover, the functional effects of IL-1 in the CNS — sickness behavior being one
of these effects — were also shown to be antagonized by treatment with a selective COX-2
inhibitor (Cao et al., 1999).

Additionally, COX-inhibition provokes differential effects on the kynurenine metabolism:
while COX-1 inhibition increases the levels of KYNA, COX-2 inhibition decreases them
(Schwieler et al., 2005). Therefore, psychotic symptoms and cognitive dysfunctions, observed
during therapy with COX-1 inhibitors, were assigned to the COX-1 mediated increase of
KYNA. The reduction of KYNA levels - by a prostaglandin-mediated mechanism — might be
an additional mechanism to the above described immunological mechanism for therapeutic
effects of selective COX-2 inhibitors in schizophrenia (Schwieler et al., 2005).

Indeed, in a prospective, randomized, double-blind study of therapy with the COX-2 inhibitor
celecoxib add-on to risperidone in acute exacerbation of schizophrenia, a therapeutic effect of
celecoxib was observed (Miller et al., 2002). Immunologically, an increase of the type-1
immune response was found in the celecoxib treatment group (Mdiller et al., 2004a). The finding
of aclinical advantage of COX-2 inhibition, however, could not be replicated in a second study.
Further analysis of the data revealed that the outcome depends on the duration of the disease
(Mller et al., 2004b). This observation is in accordance with results from animal studies
showing that the effects of COX-2 inhibition on cytokines, hormones, and particularly on
behavioural symptoms are dependent on the duration of the preceding changes and the time-
point of application of the COX-2 inhibitor (Casolini etal., 2002). In subsequent clinical studies
following a similar randomized double-blind placebo controlled add-on design of 400
milligram celecoxib to risperidone (in one study risperidone or olanzapine) in partly different
patients populations, similar positive results of cyclo-oxygenase inhibition could be obtained:
in a Chinese population of first manifestation schizophrenics (Zhang et al., 2006), and in an
Iranian sample of chronic schizophrenics (Akhondzadeh et al., 2007). In continuously ill
schizophrenics, however, no advantage of celecoxib could be found (Rapaport et al., 2005). In
an own further study using the COX-2 inhibitor celecoxib add-on the amisulpride in first
manifestation schizophrenics, a statistical significant beneficial effect of celecoxib compared
to placebo was observed (Miiller et al, submitted). Since all other add-on studies used
risperidone as the basic antipsychotic, it was important to show that the effect of celecoxib is
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not dependent from risperidone. However, it is a weakness that until now all studies had the
add-on design, while monotherapy with a COX-2 inhibitor in early stages of schizophrenia
would be required from a scientific point of view. In schizophrenia, COX-2 inhibition showed
beneficial effects preferentially in early stages of the disease, the data regarding chronic
schizophrenia are controversial, possibly in part due to methodological concerns. Given that
an inflammatory process is involved in the pathophysiology of schizophrenia, it cannot be
expected that a short term intervention of five or six weeks would reverse a chronic
inflammatory process which takes place over years. Moreover, during the process of
chronification, a neurobiological neurodegeneration process may take place secondary to
inflammation including the involvement of the tryptophan-kynurenine pathway, which by itself
additionally provokes neurodegeneration (Myint et al., 2007). Those long-term processes,
however, might not be influenced by short-term intervention with a COX-2 inhibitor. The data
are still preliminary and further research has to be performed, e.g. with other COX-2 inhibitors.

Conclusion and outlook

The possible influence of an immunological process for the pathogenesis of schizophrenia
resulting in inflammation has long been neclected. Increasing evidence for a role of
proinflammatory cytokines in schizophrenia, the strong influence of pro- and anti-
inflammatory cytokines on the tryptophan/kynurenine metabolism and, related to that
mechanism, the influence of cytokines on the glutamatergic neurotransmission, the results of
imaging studies, genetic findings, and last not least the therapeutic effect of anti-inflammatory
drugs support the view that psychoneuroimmunology inflammation rightly came recently more
into the focus of schizophrenia research. It had to be regarded on the other hand that
immunological research is susceptible for artefacts, interfering variables such as medication,
smoking, stress, sleep, and others play an important role and cannot always been controlled.
This can be shown at the example of stress: Stress is not only according to the ‘vulnerability-
stress-model’ a condition sine qua non in schizophrenia — it is also a confounding factor for
research of the immune system and inflammatory processes. Similarly for neuro-imaging
studies: Volume loss might be the result of different pathological processes, other than
inflammatory causes may play a role. Nevertheless, the results of these studies are encouraging
and further studies should focus on the relationship between inflammatory markers in the blood,
CSF, and volume loss of the CNS. Moreover, the influence of different stages in schizophrenia
might have been neclected, too. It is discussed, that schizophrenia is a syndrome with different
underlying pathological processes. Inflammation, however, also includes different stages and
processes ranging from an acute to a chronic inflammation, including an autoimmune process.

These considerations show, that a lot of further research is necessary to clarify the role of the
immune system in schizophrenia, but recent results including therapeutic progress encourages
further emphasis for this fascinating field.
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Fig (1).
Pathways of the tryptophan/kynurenine metabolism to the NMDA receptor antagonist
kynurenic acid and to the NMDA receptor agonist quinolinic acid.
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