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■ Abstract Recent advances in immunological re-
search regarding the differentiation between the type-1
and type-2 immune response are discussed. Increased
levels of Interleukin-6 (IL-6) and the activation of the
IL-6 system in schizophrenia might be the result of the
activation of type-2 monocytes/macrophages, too. On
the contrary, several parameters of the specific cellular
immune system are blunted, e. g. the decreased type-1
related immune parameters in schizophrenic patients.
This study was performed as a double-blind, placebo-
controlled, randomized evaluation of risperidone and
celecoxib versus risperidone and placebo. Fifty schizo-
phrenic patients were included in the study: 25 patients
received risperidone and placebo, and 25 patients re-
ceived risperidone and celecoxib for 5 weeks after the
wash-out period. The treatment effect was calculated by
ANCOVA. In parallel, serum levels of sTNF-R1 and sIL-
2R, and the percentages of CD3+-, CD4+-, and CD19+

lymphocytes were estimated. As expected, both groups
of schizophrenic patients showed significant improve-
ment. However, the celecoxib add-on therapy group
showed a significant group effect in the PANSS total
score. The cytokines and lymphocytes reflected the
type-1/type-2 balancing effects of COX-2 inhibitors.Ad-
ditional treatment with celecoxib has significant posi-
tive effects on the therapeutic action of risperidone with

regard to the total schizophrenia psychopathology.
Moreover, the fact that treatment with an immunomod-
ulatory drug shows beneficial effects on the symptoma-
tology of schizophrenia indicates that immune dysfunc-
tion in schizophrenia is not just an epiphenomenon, but
related to the pathomechanism of the disorder.

■ Key words COX-2 · immunology · schizophrenia ·
psychosis · inflammation

Introduction

Inflammation is a phenomenon of the immune re-
sponse.The immune system recognizes foreign antigens
and differentiates between self and non-self. During an
inflammatory reaction normally non-self is eliminated
by means of the immune system. In certain cases in-
flammation changes from a clearing reaction of the im-
mune system providing homeostasis to an organism-in-
juring process.Such an injurious process can result from
an acute inflammation, a chronic inflammation or an
autoimmune reaction.

Psychiatric symptoms, especially schizophreniform
and depressive symptoms, have been described both
during inflammation and during different types of au-
toimmune disorders involving the CNS. These observa-
tions led to the suggestion that inflammation may be an
important pathogenetic mechanism underlying schizo-
phrenia. Our own investigations showed an inflamma-
tory process in at least a subgroup of schizophrenic pa-
tients: signs of inflammation have been found in the
cerebrospinal fluid as well as in postmortem CNS tissue
of schizophrenic patients (Wildenauer et al. 1990;
Körschenhausen et al. 1996).
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CNS development, infection, and cytokines 
in the CNS

Findings from animal studies elucidate the relationship
between the increased risk for schizophrenia after infec-
tion and the disturbed development of schizophrenic
brains. It has been shown that, e. g., prenatal influenza
infection leads to a disturbed migration of cortico-hip-
pocampal neurons. This might be due to a decreased ex-
pression of Reelin caused by the infection (Cotter et al.
1995).The reduction of Reelin expressing neurons in the
brain of schizophrenic patients has been shown by var-
ious groups of researchers (Impagnatiello et al. 1998).
Further indications for a disturbed neuronal migration
can be seen in experimental pre- or peri-natal infections
with the murine cytomegalovirus (Kosugi et al. 2000),
mumps virus (Rubin et al. 1998), and the Parvo-Virus
(Ramirez et al. 1996). Furthermore, a direct influence of
infections on the balance of neurotransmitters could be
shown. Already in 1975 it was observed that a viral in-
fection in new born mice can lead to a disturbance of the
catecholaminergic metabolism in the brain (Lycke and
Roos 1975). It is known today that several different
viruses, such as the influenza virus, can alter the mono-
aminergic balance within the brain after experimental
infection. In particular, an activation of the serotonergic
and noradrenergic system has been described.

Cytokines are known to act on the noradrenergic,
serotonergic, and dopaminergic neurotransmission. For
example, animal experiments show that IL-6 increases
the dopaminergic neurotransmission in the hippocam-
pus, but also IL-2 increases the hippocampal serotoner-
gic and dopaminergic neurotransmission (Zalcman
1994). IL-1 and IL-6 both stimulate hormones of the
HPA-axis through stimulation of hypothalamic struc-
tures in the CNS.These effects of the cytokines may con-
tribute to the effects of (viral) infection and inflamma-
tion to the serotonergic, noradrenergic, and
dopaminergic neurotransmission and to clinical symp-
toms of psychiatric disorders such as schizophrenia and
depression. Moreover, these cytokines mediate so-called
“sickness behavior” in animal experiments, which is as-
sociated with depressed mood, lack of drive, anergia,
anorexia, and fever (Dantzer 2001).

Cytokines also play a crucial role in the development
of the brain. The effect of interferons and IL-6 on neu-
rons starts very early during brain development, where
they regulate neuronal migration and differentiation
(Bakhiet et al. 2001; Gadient and Otten 1997). A distur-
bance of the cytokine production and balance due to in-
fection may thus not only have implications for neu-
rodevelopmental processes but also for the distribution
of CNS cells with immunological functions and for the
immunological polarization and priming of these cells.
Microglial cells and astrocytes in particular have several
immunological functions in the CNS and contribute to
the type-1 and type-2 immune response in the CNS in
parallel to the polarized type-1 and type-2 immune re-

sponse in the peripheral immune system. Microglia pro-
gressively acquire a clear-cut macrophage phenotype in
response to CNS injuries (Kreutzberg 1996) and can in-
duce the production of the type-1 cytokine IL-12
(Krakowski and Owens 1997; Stalder et al.1997) and that
of type-2 cytokines such as IL-10 and TGF-β (Aloisi et al.
2000). Astrocytes are also potential sources of TGF-β,
which inhibits MHC II and ICAM-1 expression in
macrophage/microglia (Hailer et al. 1998). Microglia
and astrocytes also secrete chemokines that may affect
the recruitment of Th1 and Th2 cells. In the peripheral
immune systems, the T-helper cells and macrophages
have polarizing and balancing functions, which con-
tribute to activation and down-regulation of the im-
mune system and to different types of inflammation.

Immunomodulation of psychotropic drugs

Pharmacological down-regulation of activating cy-
tokines in the CNS using anti-inflammatory therapy
may possibly have favorable effects in some schizo-
phrenic patients. This view is supported by the fact that
antipsychotics (Müller et al. 1997a) and possibly atypi-
cal antipsychotics in particular have immunomodula-
tory properties (Maes et al. 1995; Lin et al. 1998) that
may lead to a down-regulation of the immune response
in the CNS.The effects of clozapine to the peripheral im-
mune system have been studied repeatedly (Pollmächer
et al. 2000), while other antipsychotics, including other
atypical antipsychotics have not been examined specifi-
cally. Moreover, only limited conclusions can be drawn
from the peripheral immune system and from in vitro
studies to immunological drug effects in the CNS re-
garding interfering variables such as the blood-brain
barrier, the fact that immunocompetence in the CNS is
mainly carried by other cells than in the peripheral im-
mune system, etc.

Vaccination treatment in psychosis

One of the pioniers of psychoneuroimmunology was
Ritter Julius Wagner von Jauregg, the Nobel prize laure-
ate for medicine in 1927. He developed malaria therapy
for syphilis. The immunological mechanism of this
therapy is the activation of the immune system by at-
tenuated antigens from strains of malaria in order to
recognize and eliminate foreign antigens as non-self of
the organism. Long before the development of the
malaria therapy for syphilis, Wagner von Jauregg stud-
ied the effects of fever therapy in psychosis. The devel-
opment of the fever therapy was based on observations
of the effects of typhus infections – which occurred re-
currently as epidemics during the 19th century – on
mental illness. In 1887 Wagner von Jauregg published a
type of meta-analysis, where he compared the observa-
tions of other psychiatrists from various countries dur-
ing typhus epidemics. These authors published the in-
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teresting observation that during typhus epidemics, the
mentally ill (psychiatric patients) developed a much
lower rate of infections than the “guards” – the nurses
during earlier times – did. On average, only 17 % of the
mentally ill subjects showed signs of an infection, while
signs of an infection were observed in 39 % of the guards
(Wagner von Jauregg 1887). That means the guards de-
veloped a rate of infection that was twice as high as ob-
served in psychiatric patients.

An even more interesting observation of several au-
thors was that after recovering from the typhus infection
some of the patients had also improved with respect to
their mental illness. Up to 75 % improved and up to 48 %
became mentally healthy after the infection. On average,
48 % of the patients were unchanged after infection,
while 32 % were improved and 20 % free from the men-
tal illness. This observation of Wagner von Jauregg and
other authors let to the suggestion that certain infec-
tions might help with respect to mental illness. Conse-
quently, this became the starting point for the further
development of fever therapy. Wagner von Jauregg fol-
lowed the subject of fever therapy and immune-medi-
ated therapeutic mechanisms in psychosis during his
further scientific life and published a paper in 1926 sug-
gesting vaccination therapy in psychosis (Wagner von
Jauregg 1926). For fever therapy, attenuated strains of
salmonella typhii, of plasmodium malariae and of my-
cobacterium tuberculosis were used. However, due to
the clinical side-effects of vaccination with typhus,
malaria, or tuberculosis, in particular to the often un-
calculable course of the infection and fever, and later on
to the introduction of therapy with neuroleptics, the fo-
cus of therapeutic and basic research changed from vac-
cination and the immune system, to dopaminergic neu-
rotransmission and to neuroleptic drugs. Nevertheless,
the common immunological mechanisms of these ther-
apies are of particular interest, since these three infec-
tious agents induce the activation of the type 1 immune
response, as we know today (Ramarathinam et al. 1993;
Mastroeni et al. 1992; Winkler et al. 1998; Flesch et al.
1995).

Recent immunological studies point to a dysbalance
between the type-1 and type-2 immune response in
schizophrenia with an over-activation of the type-2 re-
sponse and a lack of type-1 response. In conclusion, the
distinct activation of the type-1 response without caus-
ing an infectious disorder would be expected to show
advantageous effects in schizophrenia.

One class of modern drugs is well known to induce a
shift from the type-1 like to a type-2 dominated immune
response: the selective cyclooxygenase-2 inhibitors.
Several studies demonstrated the type-2 inducing effect
of PGE2 – the major product of COX-2, while inhibition
of COX-2 is accompanied by inhibition of type-2 cy-
tokines and induction of type-1 cytokines (Stolina et al.
2000; Pyeon et al. 2000).

Cyclooxygenase-2 inhibition in schizophrenia

Therefore, it seemed meaningful to study the effects of
COX-2 inhibition using an add-on design together with
a well-proven neuroleptic medication in schizophrenic
patients (Müller et al. 2002). Celecoxib is a selective cy-
clooxygenase-2 (COX-2) inhibitor, which accesses the
CNS easily and has few adverse side effects. Risperidone
was selected because it is an atypical neuroleptic with
high efficacy in the therapy for both positive and nega-
tive symptoms of schizophrenia. In addition a wealth of
experience with risperidone treatment has been col-
lected to date (Marder and Maibach 1994; Möller et al.
1998).

This study was performed as a prospective single-
center, double-blind, placebo-controlled, randomized,
add-on, parallel group evaluation of risperidone and
celecoxib versus risperidone and placebo. Fifty schizo-
phrenic patients were included in the study; 25 (11 f,
14m) were randomly assigned to the risperidone and
celecoxib treatment group, and 25 (14 f, 11m) to the
risperidone and placebo group. All patients were hospi-
talized inpatients due to an acute exacerbation of their
schizophrenic psychoses. Sixteen of the patients had
been hospitalized for the first time,eight in the celecoxib
group and eight in the placebo group.

Clinical outcome of Celecoxib add-on therapy 
in schizophrenia

The celecoxib add-on therapy had a significant effect on
the mean improvement in total PANSS score (between
subjects factor celecoxib F = 3.8, df = 1;47, p = 0.05). The
difference between the two treatment groups was not
homogeneous across time (multivariate celecoxib by
time interaction F = 3.91, df = 4;44, p = 0.008). The main
effects of celecoxib were seen in the middle of the treat-
ment period (quadratic interaction component F = 12.5,
df = 1;47, p = 0.001). In simple posthoc t-tests the diffe-
rence between the two treatment groups is significant
from week 2 (t = 2.06, df = 48, p = 0.05) to week 4 (week 3
t = 2.64,df = 48,p = 0.01,week 4 t = 2.54,df = 48,p = 0.01).
Regarding the mean improvement,none of the subscales
showed a significant effect (positive symptoms: cele-
coxib F = 1.74, df = 1;47, p = 0.19, negative symptoms:
celecoxib F = 2.82, df = 1;47, p = 0.10, global subscale:
celecoxib F = 3.19, df = 1;47, p = 0.08). The quadratic
trend in the celecoxib-time interaction, however, was
present in all subscales (positive symptoms: F = 4.77,
df = 1;47, p = 0.03, negative symptoms: F = 8.86, df = 1;47,
p = 0.005, global subscale: F = 6.16, df = 1;47, p = 0.02).
The celecoxib add-on treatment resulted in an earlier
improvement in all subscales (Fig. 1).

According to our hypothesis, the celecoxib add-on
therapy group had a significantly better effect on the
PANSS total scores. The largest improvements were seen
between weeks 2 and 4. In practice this means an earlier
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treatment response under the add-on therapy. The ac-
celeration of the treatment response was seen in a simi-
lar way in all subscales. These results show that the ad-
ditional treatment with celecoxib has significant
positive effects on the psychopathology of schizophre-
nia. Therapy with 400 mg celecoxib was well tolerated,
and no clinically important side effects were observed.

Immune effects of celecoxib add-on therapy 
in schizophrenia

In order to evaluate the effects of the celecoxib therapy
to the immune system in schizophrenia, markers of the
peripheral immune system were measured in the blood
of schizophrenic patients before the start of the therapy,
weekly during therapy and at the end of the study.

As immunological parameters, the serum levels of
soluble IL-2 receptors (sIL-2R) and of the soluble tu-
mor-necrose-factor-α receptor-I (sTNF-R1) as the
markers of the type-1 immune response and the CD19+

lymphocytes as the marker of the (immune-response
type-2 related) B-lymphocytes in the blood of both
groups of patients were measured. Moreover, the per-
centages of CD4+ and CD8+ T-lymphocytes were esti-
mated. The hypothesis was that COX-2 inhibition pro-
motes an activation of the type-1 immune response and
a decrease of the type-2 response.

Laboratory methods

After centrifugation, serum samples were frozen 
(–80 °C) and stored until analysis. IL-2R were estimated
by using a commercially available double-sandwich
ELISA system (R&D Systems, T-Cell Sciences, Cam-
bridge, MA, USA). Levels of sIL-2R, sICAM-1, and sTNF-
R1 were determined according to the manufacturer’s in-
structions. Each concentration was measured in
duplicate.

The lymphocyte surface molecules were measured
from whole blood. Immunofluorescence flow cytomet-
ric phenotyping was performed by staining with various
panels containing specific monoclonal antibodies
(mAbs) directly conjugated either to fluorescein-iso-
thiocyanate (FITC), phycoerythrin (PE), or a tandem
stain with PE and Cyan5 (Tricolor®). The analysis was
performed by a flow cytometer (FACScan®, BD) instru-
ment with an air-cooled argon ion laser emitting 15 mW
at 488 nm. The green fluorescence (FITC) was collected
through a 530/30 nm bandpass,orange/red (PE) through
585/42 nm bandpass and red (Tricolor) through a
650 nm longpass filter. FSC and SSC signals were col-
lected in a linear mode, and the three fluorescence sig-
nals were analyzed on a logarithmic scale.

For the analysis of the immunological parameters we
did not use the method according to the criterion ‘last
observation carried forward’ but with values which were

Fig. 1 PANSS-total scale during therapy with risperidone add-on celecoxib or placebo (§ ANCOVA Group difference p ≤ 0.05; * t-test p ≤ 0.05; ** t-test p ≤ 0.01
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actually measured. Missing values were recorded as
missing.

We measured the serum levels of the soluble receptor
of IL-2, sIL-2R, which reflects the production of IL-2 and
the serum levels of the soluble TNF-receptor 1 (TNF-re-
ceptor 55), which reflects the serum levels of TNF-α.
From a (laboratory) methodological point of view, the
levels of the soluble receptors are easier to estimate and
more stable parameters in the serum compared to the
cytokines themselves,while the sensitivity of the soluble
receptors is lower. In particular for short-term effects,
the cytokines are more sensitively compared to the sol-
uble receptors.

Laboratory results

The cytokine IL-2 represents the type-1 immune re-
sponse. The baseline levels of sIL-2R were 706.7 ±
395.2 ng/ml in the celecoxib group and 612.5 ± 280.3 in
the placebo group. This difference was not statistically
significant. During therapy, there was a slight increase of
the sIL-2R levels in the celecoxib group to 794.0 ±
437.3 ng/ml after six weeks (z = 1.75; p < 0.04; one-tailed
Wilcoxon-rank test). In the placebo group, there was no
change in the sIL-2R levels during therapy. SIL-2R levels
were 615.5 ± 252.7 ng/ml at the end of the study. The lev-
els of the sIL-2R in the serum were significantly higher
in the celecoxib group compared to the placebo group at
the end of the study (day 35) (z = 2.28; p < 0.01; Mann-
Whitney U-test).

The levels of the sTNF-R1 did not change significantly
during the course therapy.Before the start of the therapy
the sTNF-R1-levels were 1325 ± 324 pg/ml in the cele-
coxib group and 1280 ± 375 pg/ml in the placebo group.
At the endpoint the sTNF-R1 levels were 1224 ± 303
pg/ml in the celecoxib group and 1230 ± 309 pg/ml in the
placebo group. Neither within the placebo group nor
within the celecoxib group were statistically significant
changes observed. Accordingly, no significant diffe-
rences were found between the two therapy groups.

Interestingly, when we divided the patients into re-

sponders to therapy and non-responders to therapy ac-
cording to the criterion of an at least 30 % improvement
on the PANS total scale, we found a statistically signifi-
cant difference.

In the group of non-responders, the sTNF-R1 levels
were 1414 ± 338 pg/ml before the start of the therapy
while the sTNF-R1 levels were 1135 ± 193 pg/ml before
the start of the therapy in the group of responders to
celecoxib therapy. This difference was significant using
the two-tailed t-test (p < 0.04). The responders to cele-
coxib had significantly lower sTNF-R1 levels.

No other immune parameter of the cellular immune-
system (CD4+, CD8+, CD19+), or sIL-2R, showed a statis-
tically significant relationship to the therapy response to
celecoxib (Figs. 2 and 3).

The CD4+ cells were 44.3 % ± 8.6 % at start of the
therapy and 40.6 % ± 16.3 % at the end of the study in the
celecoxib group and 45.4 % ± 8.4 % at the start and
44.8 % ± 13.6 % in the placebo group, respectively. No
significant differences were found within groups during
the course of the therapy nor between the groups.

The following results were found with respect to the
CD8+ cells: the CD8+ cells were 21.8 % ± 5.5 % at start of
the therapy and 23.5 % ± 6.1 % at the end of the study in
the celecoxib group and 23.3 % ± 8 % at the start and
23.9 % ± 7.7 % in the placebo group. With regard to the
CD8+ cells, no significant difference was found, neither
within the groups nor between the groups.

The antibody-producing B-cells represent the hu-
moral specific immune response. The CD-19 surface
molecule is expressed on B-cells, which is how we esti-
mated the CD19+ lymphocytes. With respect to the
CD19+-B cells, the values were calculated as percentages
(%) of total lymphocytes. At baseline the CD19+ lym-
phocytes were 16.3 % ± 5.5 % of the total lymphocytes in
the celecoxib group and 15.9 % ± 7.8 % in the placebo
group. During therapy, there was a decrease of the
CD19+ lymphocytes in both groups. In the celecoxib
group, the percentage of CD19+-B cells decreased to
13.4 % ± 3.8 % at the endpoint after five weeks at day 35.
This decrease was statistically significant using the one-
tailed paired t-test (p < 0.001). In the placebo group,

Fig. 2 Effects of celecoxib to sIL-2R in the peripheral
immune system
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however, there was also a significant decrease of the
CD19+ lymphocytes to 14.4 % ± 6.1 % (p < 0.02; paired t-
test, one-tailed). Although the decrease of the B-lym-
phocytes was more pronounced in the celecoxib group,
the CD19+ lymphocytes also decreased under therapy
with risperidone alone.

A result that underlines the relationship between the
immunological and clinical aspects of this study was
found regarding the parallels in the decrease of the
PANSS negative subscale and the decrease of the CD19+

lymphocytes. In the celecoxib, but not in the placebo
group, we observed a significant relationship between
the decrease of CD19+ lymphocytes (baseline minus day
35) and the decrease of the PANSS negative-scale (base-
line minus day 35) (r = 0.48; n = 16; p < 0.03). It could be
concluded that the improvement of the schizophrenic
negative symptoms seems to be related to the decrease
of the CD19+ B lymphocytes in the celecoxib group, but
not in the placebo group (Fig. 4).

Discussion

The effects of celecoxib in the CNS have not yet been
fully elucidated. There is no doubt that activation of
COX-2 mediates inflammation and that COX-2 is ex-
pressed in brain tissue. COX-2 can be activated by cy-
tokines like IL-2, IL-6, and IL-10, and cytokine-activated
COX-2 expression mediates further inflammation. It is
reported that IL-2 and sIL-2R (Licinio et al. 1993; McAl-
lister et al. 1995), soluble IL-6 receptors as a functional
part of the IL-6 system (Müller et al. 1997b), and IL-10
(van Kammen et al. 1997) are increased in the cere-
brospinal fluid of schizophrenic patients. The increase
of cytokines in the CNS compartment may be accompa-
nied by increased COX-2 expression. We suppose that
celecoxib down-regulates the cytokine-induced COX-2
activation in the CNS.

Moreover, COX-2 inhibition seems to regulate the ad-
hesion molecule expression (Bishop-Bailey et al. 1998).
Adhesion molecule regulation is impaired in schizo-
phrenia, possibly leading to a dysbalance and a lack of

communication between the peripheral and the CNS
immune systems (Schwarz et al. 1998; Müller et al. 1999;
Schwarz et al. 2000).

There might be a special subgroup of patients which
benefits from celecoxib more than others, since even an
onset of psychotic symptoms during celecoxib therapy
has been described (Lantz and Giambanco 2000). On the
other hand, malaria is known to induce schizophrenia-
like symptoms; malaria infection was efficiently used as
antipsychotic therapy by Wagner von Jauregg.

Several factors that may play a role in the effect of
celecoxib in schizophrenia could not be considered be-
cause of the lack of studies and experience. Those fac-
tors are, e. g., the dose of celecoxib, the degree of CNS
penetration and the duration until the onset of CNS ef-
fects of celecoxib. Thus, the ultimate therapeutic benefit
of adjunctive celecoxib may require much more opti-
mization of dose, duration of treatment, etc.

Fig. 3 Significant relationship between decrease in
CD19+ cells and schizophrenic negative symptoms
during celecoxib treatment

Fig. 4 Soluble TNF-α Receptor-1 (p55) and Response to COX-2 Inhibition. Low
levels of TNF-R55 predict a better therapeutic response to celecoxib (*p ≤ 0.05)
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From a scientific view-point, the therapeutic effects
of celecoxib without an additional neuroleptic drug
would be more interesting. However, since neuroleptics
are effective in antipsychotic treatment, ethics commit-
tees would not approve a study with a COX-2 inhibitor
as the sole drug in acute schizophrenic patients.

This study was planned according to the psychoneu-
roimmunological hypothesis that a lipophilic anti-in-
flammatory substance may lead to therapeutic benefits
in schizophrenia. The result reveals one more indication
that immune dysfunction in schizophrenia may be re-
lated to the pathomechanism of schizophrenia and is
not just an epiphenomenon.

The effects of the celecoxib therapy on the peripheral
immune system, however, are weak. Nevertheless, they
are in accordance with our hypothesis that the COX-2
inhibition activates the type-1 immune response and
down-regulates the type-2 immune response given that
sIL-2R levels represent the type-1 response of the cellu-
lar immune system and B-cells and activated B-cells rep-
resent the type-2 response.

An increase of sIL-2R has been described repeatedly
in schizophrenic patients (Rapaport et al. 1989, 1994;
Müller et al. 1997a) although the role of antipsychotic
therapy has been discussed controversely as a causal
contributor. It seems that certain antipsychotics includ-
ing clozapine – but not risperidone – stimulate an in-
crease of the sIL-2R (Müller et al.1997a; Maes et al.1995;
Pollmächer et al. 1996). On the other hand, there might
be a subgroup of schizophrenics showing increased lev-
els of sIL-2R compared to healthy controls; this increase
not being due to antipsychotic medication (Rapaport
and Lohr 1994). From our sample, no conclusions can be
drawn regarding the sIL-2R levels of controls.No change
of sIL-2R levels was found in the risperidone and
placebo group, while a weak, statistically significant in-
crease was found in the celecoxib group, showing a sig-
nificant difference at the end of the study and pointing
to a type-1 immune response activation.

More pronounced effects were observed in our sam-
ple regarding the B cells. Increased B cells, especially
CD5+ B cells have been described in a subgroup of about
one third of schizophrenic patients compared to con-
trols (McAllister et al. 1989; Printz et al. 1999). An in-
crease of B cells has also been described during therapy
with antipsychotics (Rogozhnikova et al. 1993). A
slightly increased mean percentage of CD19+ cells has
been observed in medicated schizophrenics compared
to controls by the group of Rothermund (Rothermund et
al. 1998). Other authors, however, did not find a diffe-
rence in B cells between patients and controls, neither in
medicated (Ganguli and Rabin 1993; Masserini et al.
1990) nor in unmedicated schizophrenics (Ganguli and
Rabin 1993). If the observation is correct that a certain
subgroup of schizophrenics shows increased B cells,
then it would depend on the relative amount of those pa-
tients in the sample whether the whole sample may show
increased B cells or not.

No conclusions can be drawn regarding the percen-

tage of CD19+ -lymphocytes in our patients compared to
controls, but a decrease of CD19+ lymphocytes was
found in both groups of patients during therapy.Since in
other studies unchanged or even increased B cells have
been described during therapy, it has to be discussed
whether therapy with atypical antipsychotics or partic-
ularly risperidone may be associated with a decrease in
the B cells. The course of B cells during therapy has not
yet been described using a standardized treatment pro-
tocol. However, therapeutic progress seems to be related
to B cell change only in the celecoxib group, because
there is a significant correlative relationship between
the decrease of the schizophrenic negative symptoms
and the percentage of the CD19+ B cells. This decrease
may reflect a type-2 immune response down-regulation.

We described the significant relationship of schizo-
phrenic negative symptoms and the IgG content of the
cerebrospinal fluid of schizophrenic patients (Müller
and Ackenheil 1995) in a former study. Since IgG is the
product of activated B cells, this observation corre-
sponds well with other findings describing the relation-
ship between the activation of components of the type-
2 immune response and schizophrenic negative
symptoms. An unfavorable course of schizophrenia has
been described to be related to the increase of B cells
(Rogozhnikova 1993). These findings suggest that long-
term effects of COX-2 inhibition might be associated
with improvement of the schizophrenic negative symp-
toms. The fact that no effects of celecoxib on the PANSS
subscales have been found in our study may be due to
several factors. Aside from the statistical power as one
reason, a ceiling effect of risperidone on the positive
symptoms and a relatively short duration of the trial
with respect to therapy of the negative symptoms have
to be discussed.

TNF-α is derived from various cellular sources of the
immune system including activated macrophages and
T-cells and has several different functions. TNF-α is
called ‘early response cytokine’ because it coordinates
pro-inflammatory signals of the early immune response
in the innate cellular immune system. Due to this func-
tion, TNF-α is assigned to the type-1 cytokines. TNF-R1
is the primary signaling receptor for TNF-α (Mitzgerd et
al. 2001) mediating the immunological and molecular
effects of TNF-α (Alaaeddine et al. 1997). The levels of
the soluble TNF-R1 – induced by shedding from the cell
surface – are associated with the blood-levels of TNF-α
(Alaaeddine et al. 1997). In a large study including 361
patients it was shown that sTNF-R1 levels of schizo-
phrenic patients were slightly decreased still after taking
into account the confounding factors such as age, smok-
ing, gender, infection and medication (Haack et al.
1999). This finding of decreased sTNF-R1 serum levels
in schizophrenia is in accordance with various findings
pointing to a decreased type-1 immune response in
schizophrenia. Several studies demonstrated the type-2
immune response inducing effect of PGE2 – the major
product of COX-2, while inhibition of COX-2 is accom-
panied by inhibition of type-2 cytokines and induction
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tokine receptors in psychiatric patients upon hospital admis-
sion: effects of confounding factors and diagnosis. J Psych Res
33:407–418
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tors deactivate antigen presenting cells that invade the central
nervous system. Brain Pathol 8:459–474
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expression as a putative vulnerability factor in schizophrenia.
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15. Körschenhausen D, Hampel H, Ackenheil M, Penning R, Müller
N (1996) Fibrin degradation products in post mortem brain tis-
sue of schizophrenics: a possible marker for underlying inflam-
matory processes. Schizophr Res 19:103–109

16. Kosugi I, Shinmura Y, Kawasaki H, Arai Y, Li RY, Baba S, Tsutsui
Y (2000) Cytomegalovirus infection of the central nervous sys-
tem stem cells from mouse embryo: a model for developmental
brain disorders induced by cytomegalovirus. Lab Invest 80:
1373–1383

17. Krakowski ML, Owens T (1997) The central nervous system en-
vironment controls effector CD4+ T cell cytokine profile in ex-
perimental allergic encephalomyelitis. Eur J Immunol 27:
2840–2847

18. Kreutzberg GW (1996) Microglia: a sensor for pathological
events in the CNS. Trends Neurosci 19:312–318

19. Lantz MS, Giambanco V (2000) Acute onset of auditory halluci-
nations after initiation of celecoxib therapy. Am J Psychiatry
157:1022–1023

20. Licinio J, Seibyl, JP,Altemus M, Charney DS, Krystal JH (1993) El-
evated levels of Interleukin-2 in neuroleptic-free schizophrenics.
Am J Psychiatry 150:1408–1410

21. Lin A, Kenis G, Bignotti S, Tura GJB, De Jong R, Bosmans E, Pioli
R, Altamura C, Scharpé S, Maes M (1998) The inflammatory re-
sponse system in treatment-resistant schizophrenia: increased
serum interleukin-6. Schizophrenia Res 32:9–15

22. Litherland SA, Xie XT, Hutson AD, Wasserfall C, Whittaker DS,
She JX, Hofig A, Dennis MA, Fuller K, Cook R, Schatz D,
Moldawer LL, Clare-Salzler MJ (1999) Aberrant prostaglandin
synthase 2 expression defines an antigen-presenting cell defect
for insulin-dependent diabetes mellitus. J Clin Invest 104:
515–523

23. Lycke E, Roos BE (1975) Virus infections in infant mice causing
persistent impairment of turnover of brain catecholamines. J
Neurol Sci 26:49–60

24. Maes M, Bosmans E, Calabrese J, Smith R, Meltzer HY (1995) In-
terleukin-2 and Interleukin-6 in schizophrenia and mania: ef-
fects of neuroleptics and mood-stabilizers. J Psychiatr Res 29:
141–152

25. Marder SR, Meibach RC (1994) Risperidone in the treatment of
schizophrenia. Am J Psychiatry 151:825–831

26. Masserini C, Vita A, Basile R, Morselli R, Bosto P, Peruzzi C,
Pugnetti L, Ferrante P, Cazzullo CL (1990) Lymphocyte subsets
in schizophrenic disorders. Schizophrenia Res 3:269–275

of type-1 cytokines (Stolina et al. 2000; Pyeon et al.
2000). The COX-2 inhibition seems to balance the type-
1/type-2 immune response by inhibition of PGE2 and by
stimulating the type-1 immune response (Litherland et
al. 1999). It can be speculated that low levels of sTNF-R1
reflect a low degree of type-1 immune activation and
COX-2 inhibition has a high potency for the rebalancing
of the type-1/type-2 immune response in patients with
low levels of sTNF-R1. Whether this mechanism ex-
plains the predictive value of sTNF-R1 for the therapeu-
tic effect of celecoxib in schizophrenia has to be eluci-
dated in further studies.

The therapeutic effects of COX-2 inhibition are also
discussed in other neuropsychiatric disorders such as
Alzheimer’s disease (McGeer 2000) and cerebral is-
chemia (Nogawa et al.1997).The possible specific action
in schizophrenia has to be explored in further studies. It
has to be taken into account that the therapeutic effect
of celecoxib is not only mediated by immune mecha-
nisms but by glutamatergic mechanisms as well. COX-2
is expressed on neurons (Hewett et al. 2000) in struc-
tures critically involved in the pathology of schizophre-
nia such as in the hippocampus and amygdala (Yama-
gata et al. 1993; Breder and Saper 1996) and it is
functionally related to glutamatergic receptors (Yer-
makova and Banion 2000).

Regardless of the mechanism(s) involved, acute add-
on treatment with celecoxib appears to have a beneficial
effect on schizophrenic psychopathology although this
finding of a clinical effect of celecoxib needs to be repli-
cated. Possibly, common immunological effects of COX-
2 inhibition and (typical or) atypical antipsychotics can
be described. Further investigations may help to under-
stand the exact antipsychotic mechanism of COX-2 in-
hibition.

References

1. Alaaeddine N, DiBattista JA, Pelletier JP, Cloutier JM, Kiansa K,
Dupuis M, Martel-Pelletier J (1997) Osteoarthritic synovial fi-
broblasts possess an increased level of Tumor Necrosis Factor-
Receptor 55 (TNF-R55) that mediates biological activation by
TNF-a. J Rheumatol 24:1985–1994

2. Aloisi F, Ria F,Adorini L (2000) Regulation of T-cell responses by
CNS antigen-presenting cells: different roles for microglia and
astrocytes. Immunol Today 21:141–147

3. Bakhiet M, Tjernlund A, Mousa A, Gad A, Stromblad S, Kuziel
WA, Seiger A,Andersson J (2001) RANTES promotes growth and
survival of human first-trimester forebrain astrocytes. Nat Cell
Biol 3:150–157

4. Breder CD, Saper CB (1996) Expression of inducible cyclooxyge-
nase mRNA in the mouse brain after systemic administration of
bacterial lipopolysaccharide. Brain Res 713:64–69

5. Bishop-Bailey D, Burke-Gaffney A, Hellewell PG, Pepper JR,
Mitchell JA (1998) Cyclooxygenase-2 regulates inducable ICAM-
1 and VCAM-1 expression in human vascular smooth muscle
cells. Biochem Biophys Res Commun 249:44–47

6. Cotter D, Takei N, Farrell M, Sham P, Quinn P, Larkin C, Oxford J,
Murray RM, O’Callaghan E (1995) Does prenatal exposure to in-
fluenza in mice induce pyramidal cell disarray in the dorsal hip-
pocampus? Schizophr Res 16:233–241

7. Dantzer R (2001) Cytokine-induced sickness behavior: Where
do we stand? Brain Behav Immun 15:7–24



22

27. Mastroeni P, Villarreal-Ramos B, Hormaeche CE (1992) Role of
T cells, TNF alpha and IFN gamma in recall of immunity to oral
challenge with virulent salmonellae in mice vaccinated with live
attenuated aro-Salmonella vaccines. Microb Pathog1 3:477–491

28. McAllister CG, Rapaport MH, Pickar D, Podruchny TA, Christi-
son G, Alphs LD, Paul SM (1989) Increased number of CD5+ B
lymphocytes in schizophrenic patients. Arch Gen Psychiatry 46:
890–894

29. McAllister CG, van Kammen DP, Rehn TJ, Miller AL, Gurklis J,
Kelley ME, Yao J, Peters JL (1995) Increases in CSF levels of in-
terleukin-2 in schizophrenia: effects of recurrence of psychosis
and medication status. Am J Psychiatry 152:1291–1297

30. McGeer PL (2000) Cyclo-oxygenase-2 inhibitors. Rationale and
therapeutic potential for Alzheimer’s disease. Drugs & Aging 1:
1–11

31. Mitzgerd JP, Spieker MR, Doerschunk CM (2001) Early response
cytokines and innate immunity: essential roles for TNF receptor
1 and Type I IL-1 receptor during Escherichia coli pneumonia in
mice. J Immunol 166:4042–4048

32. Möller HJ, Gagiano DA, Addington CE, von Knorring L, Torres-
Plank JL, Gaussares C (1998) Long-term treatment of schizo-
phrenia with risperidone: an open-label, multicenter study of
386 patients. Int Clin Psychopharmacol 13:99–106

33. Müller N, Ackenheil M (1995) Immunoglobulin and albumin
contents of cerebrospinal fluid in schizophrenic patients: The re-
lationship to negative symptomatology. Schizophr Res 14:
223–228

34. Müller N, Empel M, Riedel M, Schwarz MJ, Ackenheil M (1997a)
Neuroleptic treatment increases soluble IL-2 receptors and de-
creases soluble IL-6 receptors in schizophrenia. Eur Arch Psychi-
atry Clin Neurosci 247:308–313

35. Müller N, Dobmeier P, Empel M, Riedel M, Schwarz M,Ackenheil
M (1997b) Soluble IL-6 Receptors in the serum and cere-
brospinal fluid of paranoid schizophrenic patients. Eur Psychia-
try 12:294–299

36. Müller N, Hadjamu M, Riedel M, Primbs J, Ackenheil M, Gruber
R (1999) The adhesion-molecule receptor expression on T helper
cells increases during treatment with neuroleptics and is related
to the blood-brain barrier permeability in schizophrenia. Am J
Psychiatry 156:634–636

37. Müller N, Riedel M, Scheppach C, Brandstätter B, Sokkullu S,
Krampe K, Ulmschneider M, Möller H-J, Schwarz M (2002) Ben-
eficial anti-psychotic effects of celecoxib add-on therapy com-
pared to risperidone alone in schizophrenia. Am J Psychiatry
159:1029–1034

38. Nogawa S, Zhang F, Ross, ME, Iadecola C (1997) Cyclo-oxyge-
nase-2 gene expression in neurons contributes to ischemic brain
damage. J Neurosci 17:2746–2755

39. Printz DJ, Strauss DH, Goetz R, Saud S, Malaspina D, Krolewski J,
Gorman JM (1999) Elevation of CD5+ B lymphocytes in schizo-
phrenia. Biol Psychiatry 46:110–118

40. Pollmächer T, Hinze-Selch D, Mullington J (1996) Effects of
clozapine on plasma cytokine and soluble cytokine receptor lev-
els. J Clin Psychopharmacol 16:403–409

41. Pollmächer T, Haack M, Schuld A, Kraus T, Hinze-Selch D (2000)
Effects of antipsychotic drugs to cytokine networks. J Psychiatry
Res 34:369–382

42. Pyeon D,Diaz FJ,Splitter GA (2000) Prostaglandin E(2) increases
bovine leukemia virus tax and pol mRNA levels via cyclooxyge-
nase 2: regulation by interleukin-2, interleukin-10, and bovine
leukemia virus. J Virol 74:5740–5745

43. Ramarathinam L, Niesel DW, Klimpel GR (1993) Salmonella ty-
phimurium induces IFN-gamma production in murine spleno-
cytes. Role of natural killer cells and macrophages. J Immunol
150:3973–3981

44. Ramirez JC, Fairen A, Almendral JM (1996) Parvovirus minute
virus of mice strain in multiplication and pathogenesis in the
newborn mouse brain are restricted to proliferative areas and to
migratory cerebellar young neurons. J Virol 70:8109–8116

45. Rapaport MH, Lohr JB (1994) Serum soluble Interleukin-2 re-
ceptors in neuroleptic-naive schizophrenic subjects and in med-
icated schizophrenic subjects with and without tardive dyskine-
sia. Acta Psychiat Scand 90:311–315

46. Rapaport MH, McAllister CG, Pickar D, Nelson DM, Paul SM
(1989) Elevated levels of soluble interleukin 2 receptors in schiz-
ophrenia. Arch Gen Psychiatry 46:292

47. Rapaport MH, McAllister CG, Kim YS, Han JH, Pickar D, Nelson
DM, Kirch DG, Paul SM (1994) Increased soluble Interleukin-2
receptors in caucasian and Korean schizophrenic patients. Biol
Psychiatry 35:767–771

48. Rogozhnikova OA (1993) Dynamic changes in the indices of the
B immunity system in patients with newly diagnosed schizo-
phrenia during treatment. Zh Nevropatol Psikhiatr Im 93:65–68

49. Rothermundt M, Arolt V, Weitzsch Ch, Eckhoff D, Kirchner H
(1998) Immunological dysfunction in schizophrenia: a syste-
matic approach. Neuropsychobiology 37:186–193

50. Rubin SA, Pletnikov M, Carbone KM (1998) Comparison of the
neurovirulence of a vaccine and a wild-type mumps virus strain
in the developing rat brain. J Virol 72:8037–8042

51. Schwarz MJ,Ackenheil M, Riedel M, Müller N (1998) Blood-CSF-
Barrier impairment as indicator for an immune process in schiz-
ophrenia. Neurosci Letters 253:201–203

52. Schwarz MJ, Riedel M, Ackenheil M, Müller N (2000) Decreased
levels of soluble intercellular adhesion molecule -1 (sICAM-1) in
unmedicated and medicated schizophrenic patients.Biol Psychi-
atry 47:29–33

53. Stalder AK, Pagenstecher A,Yu NC, Kincaid C, Chiang CS, Hobbs
MV, Bloom FE, Campbell IL (1997) Lipopolysaccharide-induced
IL-12 expression in the central nervous system and cultured as-
trocytes and microglia. J Immunol 159:1344–1351

54. Stolina M, Sharma S, Lin Y, Dohadwala M, Gardner B, Luo J, Zhu
L, Kronenberg M, Miller PW, Portanova J, Lee JC, Dubinett SM
(2000) Specific inhibition of cyclooxygenase 2 restores antitu-
mor reactivity by altering the balance of IL-10 and IL-12 synthe-
sis. J Immunol 164:361–370

55. Van Kammen DP, McAllister-Sistilli CG, Kelley ME (1997) Rela-
tionship between immune and behavioral measures in schizo-
phrenia. In: Wieselmann G. (ed) Current Update in Psychoim-
munology, Springer Verlag, Wien, NY, pp 51–55

56. Wagner J (1887) Über die Einwirkung fieberhafter Erkrankun-
gen auf Psychosen. Jahrbücher für Psychiatrie 7:94–131

57. Wagner-Jauregg J (1926) Fieberbehandlung bei Psychosen.Wien
Med Wochenschr 76:79–82

58. Wildenauer D, Hoechtlen W (1990) Liquorproteine bei psychia-
trischen Erkrankungen. In: Kaschka WP,Aschauer NH (eds) Psy-
choimmunologie, Thieme, Stuttgart, NY, pp 75–81

59. Winkler S, Willheim M, Baier K, Schmid D, Aichelburg A,
Graninger W, Kremsner PG (1998) Reciprocal regulation of Th1-
and Th2-cytokine-producing T cells during clearance of para-
sitemia in Plasmodium falciparum malaria. Infect Immun 66:
6040–6044

60. Yamagata K, Andreasson KI, Kaufmann WI, Barnes CA, Worley
PF (1993) Expression of mitogen-inducable cyclooxygenase in
brain neurons: regulation by synaptic activity and glucocorti-
coids. Neuron 11:371–386

61. Yermakova A, O’Banion MK (2000) Cyclooxygenases in the cen-
tral nervous system: Implications for treatment of neurological
disorders. Curr Pharmaceutical Design 6:1755–1776

62. Zalcman S, Green-Johnson JM, Murray L, Nance DM, Dyck D,
Anisman H, Greenberg AH (1994) Cytokine-specific central
monoamine alterations induced by interleukin-1, -2 and -6.
Brain Res 643:40–49


