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Abstract Immunological abnormalities in schizophrenic
patients have been reported for many years. However, the
guestion of whether these parameters are involved in the
pathophysiology of the disorder or represent treatment ef-
fectsis still not answered. We investigated a combination
of humoral and soluble immune parameters in 30 unmed-
icated schizophrenic patients before and during antipsy-
chotic treatment and in 31 healthy controls. The aim of
our study was to unravel an underlying immune process,
to elucidate the influence of neuroleptic treatment and to
identify a subgroup of schizophrenics. Antibodies against
human 60-kDa heat-shock protein (HSP60), serum levels
of soluble ICAM-1 and IL-2R were determined and corre-
lated with parameters of blood-brain barrier and of psy-
chopathology. In 10% of the drug-free but in 20% of the
medicated schizophrenics, especialy in females, we ob-
served immunoreactivity against HSP60, high levels of
IgG in CSF and a blood—brain barrier impairment. The
high HSP antibody titres correlated with high levels of
sIL-2R and sICAM-1. Only one of the controls showed
antibodies against HSP60. Our results suggest that the ob-
served immunological alterations are more pronounced
during neuroleptic treatment than in the drug-free state.
Whether or not this differential response to treatment with
altered antibody production represents a subgroup of pa-
tients has yet to be determined.
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Introduction

A variety of immunological abnormalities in schizo-
phrenic patients have been reported during severd
decades. Early findings on high-affinity binding of serum
immunoglobulins to brain structures of schizophrenic pa-
tients (Pandey et al. 1981; Baron et a. 1977) were fol-
lowed by more detailed studies, as of increased serum lev-
els of the soluble IL-2 receptor (McAllister et al. 1991,
Mdiller et al. 1997), altered IL-2 production (Ganguli et al.
1992), IFN-y production by in vitro stimulated lympho-
cytes (Arolt et a. 1997; Wilke et a. 1996) or serum anti-
bodies binding to the 60-kDa heat-shock protein (Kilidi-
reas et al. 1992). Most of these studies have been dis-
cussed as being suggestive for an immunological abnor-
mality or even an autoimmune process in schizophrenia.

The soluble interleukin-2 receptor (sIL-2R) has be-
come one of the standard parameters of immunological
investigations in schizophrenia. Elevated levels of sIL-2R
have been found repeatedly (Wilke et al. 1996; Maes et al.
1995; Rapaport et al. 1994 a, b), and it has been suggested
that antipsychotic medication is causative for this effect
(Pollmécher et al. 1995). Soluble forms of cytokine recep-
tors are generated by proteolytic cleavage of the extracel-
[ular domain of the membrane-bound receptor or by ater-
native splicing (Fernandez-Botran et a. 1996). Although
it is well known that the level of sIL-2R correlates with
cellular activation and disease activity in inflammatory,
autoreactive and other diseases, its possible influence on
the pathophysiology of schizophrenia is still not estab-
lished.

Two other immune parameters could also be of interest
in schizophrenia research: antibodies against heat-shock
proteins (HSP) and soluble intercellular adhesion mole-
cule-1 (siICAM-1). For antibodies against HSP it is known
that they are frequently involved in autoimmune disorders
with neuropsychiatric manifestations such as systemic lu-
pus erythematosus (Panchapakesan et al. 1992) and multi-
ple sclerosis (Prabhakar et a. 1994; Birnbaum 1996).
Heat shock proteins — especially HSP60 — are expressed



in neuronal, glial and microglial cells (Mutis et al. 1994;
Freedman et al. 1992; Brown and Rush 1990) and can be
used as markers of nervous system injury (Higashi et al.
1994) and neurodegenerative processes (Harrison et al.
1993). Further findings suggest that these proteins are
able to protect cells from damaging effects (Lowenstein et
al. 1991) and apoptosis (Mailhos et a. 1993) by preserva-
tion of cellular proteins during cellular stress.

sICAM-1 serves as a significant parameter of blood-
cerebral spinal fluid (CSF) barrier damage and intrathecal
immune activation (Rieckmann et al. 1993; Sharief et al.
1993). In multiple sclerosis there has been found an corre-
lation between sSICAM-1 and clinical activity (Dore-Duffy
et a. 1995). SsiICAM-1 plays arolein inflammatory and au-
toimmune disorders and may possibly induce signal trans-
duction by its leucocyte standing ligand, resulting in a
functional change (van de Stolpe 1996). ICAM-1 is ex-
pressed in immune cells and endothelial cells as well asin
neurons and astrocytes (Hampel et al. 1996). Regulation
and function of SICAM-1 are yet unclear, and no reports of
sICAM-1 in schizophrenia have been published until now.
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In our preliminary study with schizophrenic patients
we measured common immune parameters of the humoral
immune system, supplemented by soluble parameters in-
dicating an immune activation in unmedicated schizo-
phrenic patients and in gender- and age-related control in-
dividuals. The patients were re-investigated after a period
of antipsychotic treatment. Based on the findings of Ki-
lidireas et al. (1992) we investigated titres of autoantibod-
ies against 60-kDa heat shock protein (HSP60) together
with levels of soluble cytokine receptor slL-2R and solu-
ble adhesion molecule sICAM-1.

The reason to combine different parameters was the
hypothesis that identification of a schizophrenic subgroup
depends on the valid combination of significant and rele-
vant parameters. The three parameters were chosen to
consider autoantibody production (anti-HSP60 antibod-
ies), cellular activation (sIL-2R) and intrathecal immune
activation (SICAM-1).

Table1 Patients age, gender, diagnoses according to ICD-10 and DSM-II1-R, duration of treatment and illness, age at onset, number
of exacerbation of psychosis together with the global value of the PANSS score at the beginning (UPA_glo) and at the end (mPA_glo) of

the study
Age Gender ICD DSM-III-R  Duration of Duration of Age at onset No. of uPA_glo mPA _glo
(years) diagnosis  diagnosis treatment illness (years) exacerbations

of psychosis
18 M F21 295.40 2 18 1 34 19
27 M F20.1 295.14 4 28 24 2 45 45
36 F F20.0 295.34 3 12 35 1 41 37
26 M F20.0 295.34 1 1 26 1 56 51
24 M F20.0 295.31 2 2 24 1 35 21
33 M F20.0 295.34 0.5 48 29 1 29 27
30 M F20.0 295.34 25 25 30 2 51 34
33 M F20.0 295.34 2 120 23 5 40 20
23 M F20.1 295.14 4 11 22 3 47 69
28 M F20.5 295.62 2 60 23 2 58 58
62 F F20.0 295.34 25 372 31 7 33 22
33 M F20.0 295.34 3 87 25 3 66 56
45 F F20.5 295.62 15 438 41 1 46 27
35 M F20.0 295.34 25 84 28 3 52 47
35 M F20.1 295.14 3 12 34 2 55 62
32 M F20.0 295.34 4 12 30 2 37 33
63 F F20.0 295.34 1 288 39 2 19 19
30 M F20.1 295.14 1 24 28 4 36 36
39 M F21 295.40 1 10 38 1 37 53
20 M F20.1 295.12 2 5 19 1 45 37
22 F F20.0 295.34 15 3 22 1 53 29
31 M F20.0 295.34 7 132 20 8 46 41
27 F F21 295.9 2 0.5 26 1 35 18
33 F F20.0 295.33 2 2 33 1 54 21
31 F F20.0 295.34 15 48 27 1 47 22
44 F F20.0 295.34 3 240 24 5 40 35
22 F F20.0 295.33 3 3 22 1 39 31
39 F F20.0 295.34 1 120 29 2 31 21
29 F F20.0 295.34 4 48 25 2 47 42
36 F F20.0 295.34 2 228 19 4 44 19
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Materials and methods
Patients

Serum samples were obtained from 30 unmedicated schizophren-
ics (15 females and 15 males; mean age 32.9 + 10 years, age range
18-63 years) with a mean duration of illness of 68 + 95.8 months
(range of duration of illness 0.5-372 months). All patients fulfilled
the DSM-111-R and ICD-10 criteria for schizophrenia and were di-
agnosed by two independent psychiatrists. Thirteen of the patients
were suffering from afirst episode of schizophrenia and had never
been medicated with neuroleptics. The remaining 17 patients had a
wash-out period of at least 4 months. Psychopathology was moni-
tored using the PANSS score before treatment (first blood sam-
pling) and at the second point of investigation, two days before
discharge from hospital. The mean duration of treatment between
the two sample collections was 2.4 months (SD 1.3 months, range
0.5-7 months). Two thirds of the patients were treated with classi-
cal neuroleptics (mainly haloperidol), and one third with either
clozapine or olanzapine. Informed consent was obtained from all
subjects. Detailed patient characteristics are given in Table 1.

Fifteen of the patients underwent a lumbar puncture with in-
vestigation of the CSF in order to exclude underlying organic dis-
orders. The total protein concentration, cell count and the
CSF/serum abumin and immunoglobulin G ratio were deter-
mined. The CSF was further screened for the presence/absence of
oligoclones.

Controls

Control serum samples were taken from 31 age- and gender-re-
lated healthy subjects (14 females and 17 males, mean age 28.6 +
6.47 years, age range 21-53 years). Individuals suffering from in-
fectious or autoimmune disorders or alcohol abuse were excluded
from the study; abuse of nicotine was listed. To exclude any addi-
tional disease, blood count, blood sedimentation rate or C-reactive
protein were measured in all serum samples.

Laboratory methods

The serum samples of all patients were investigated for HSP60-an-
tibody concentrations before and after treatment with neuroleptics.
Depending on the volume of serum samples of each patient,
ICAM-1 was measured in 24 of these patients and IL-2R in 28 pa-
tients. The laboratory personnel were blinded with regard to sub-
ject and diagnosis of the serum probes.

For determination of anti-HSP60 antibodies NUNC PolySorp
U96 microtitre plates were incubated with 50-p recombinant hu-
man HSP60 (Stressgen SPP 749) at concentration of 5.0 pg/ml.
Blocking was done with 1% BSA in PBS. After washing, stan-
dards and samples were added in triplicates, whereas always one
of the wells was uncoated and just blocked to exclude unspecific
reactions. Serum probes were diluted 1: 4. The plates were washed
and a1:8,000 dilution of peroxidase-conjugated rabbit anti-human
IgA, 19G, IgM (Dako P212) was incubated. After washing, the
substrate OPD was added. The colour development was stopped
after 15 min and measured at 490 and 620 nm. The optical densi-
ties of the uncoated wells were subtracted from the mean of the
corresponding duplicates. The standard curve was made by a serial
dilution of a serum that had high titres of anti-HSP60. The values
of the samples were compared with the corresponding linear stan-
dard curve and expressed as arbitrary units (AU) defining the 1: 4
dilution of the standards as 500 AU and 1:256 dilution as 4 AU,
whereas the function of the curve was calculated by an exponential
function. The limit for “elevated antibody titres’ was set at two
standard deviations added to the mean of the controls.

The soluble proteins sIL-2R and sICAM-1 were estimated by
the following commercially available ELISA kits: T cell Diagnos-
tics IL-2R Test Kit (Cellfree sIL-2R Test Kit, T Cell Diagnostics,
USA), ICAM-1 (Cellfree SsCAM-1 ELISA, Endogen, USA).

For CSF investigations albumin and immunoglobulin G con-
centrations were determined by means of an immunonephel omet-
ric method using a Behring nephelometer (Behringwerke, Ger-
many). The reference values of CSF abumin and CSF 1gG were
chosen according to the values published by Reiber and Felgen-
hauer (1987). The CSF/serum albumin ratio was assessed accord-
ing to the indices of Tibbling et al. (1977) and Reiber and Felgen-
hauer (1987).

Statistics

Calculation of the standard curve function were carried out with
GraphPad Prism 1.0. Statistical analysis was calculated using
SPSS 6.1.3 (SPSS Inc.). For statistical evaluation we used the chi-
square test, Pearson’s correlation test, t-test for independent sam-
ples, t-test for paired samples and Mann-Whitney U-Wilcoxon
rank sum W test.

Results

Serum HSP60-antibody concentrations were determined
in 30 schizophrenic patients before and after a period of
neuroleptic treatment (0.5-7 months) and compared with
those of healthy controls. In Fig.1 the individual data of
untreated patients, treated patients and controls are pre-
sented as arbitrary units (AU). A threshold value of 23 AU
between normal and elevated antibody titres was defined
by atwofold standard deviation of the mean value of con-
trols. Individuals with elevated anti-HSP60 titres are
herein described as anti-HSP60 positive.

Considering the proportion of patients off and on an-
tipsychotic treatment, only three (10%) of the unmed-
icated but six (20%) of the medicated patients were anti-
HSP60 positive. The duration of treatment in these six pa-
tients with elevated levels ranged from 1.5 to 4 months;
two of them were suffering from the first episode of schiz-
ophrenia. In two patients the anti-HSP60 titres were ele-
vated at both investigations. In one patient the titre de-
creased below the threshold value during treatment. Con-
cerning the control population, only in one was the titre
above the threshold range. As expected, chi-square calcu-
lation showed no significant difference in the number of
anti-HSP60 positives between unmedicated and med-
icated patients and between unmedicated patients and
controls. However, the difference between the medicated
and the controls trended towards significance (Pearson’s
r = 4.2, p = 0.040; Fisher's exact test: two-tail signifi-
cance p = 0.053).

The correlation of the antibody titres with clinical data
showed interesting associations. Comparing the anti-
HSP60 titres with gender, high titres were found mainly in
female patients: Two of the three unmedicated patients
with elevated anti-HSP60 titres and al who were anti-
HSP60 positive under treatment were females (Pearson’'s
r =75, p = 0.006; Fisher's exact test: two-tail signifi-
cance p = 0.017). The male patient with elevated titresin
the unmedicated state became normal during treatment.

As far as psychopathology was concerned in the un-
medicated patients, the PANSS item for positive symp-
tomswas lower in the anti-HSP60-positive patients (mean
15.3 £ 0.6 in patients with elevated titres vs 21.4 + 6.3;
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Fig. 1 Resultsof the anti-HSP60 antibody measurementsin serum
from patients off and on antipsychotic medication and from con-
trols. Antibody levels are presented in arbitrary units (AU). The
short line indicates the mean of the controls (9.5 AU), and the long
line shows the threshold value to “elevated titres’ (22.96 AU)

statistical calculation was not recommended due to the
low number of individuals).

In all patients we observed an effect of treatment on
serum slL-2R concentrations, which increased during an-
tipsychotic medication (paired sample’s t-test, mean of
unmedicated: 473.0 £ 220.9 U/ml; mean of medicated:
634.8 + 345.4 U/ml; p = 0.035) and thus became different
from the control vaues (independent sample’s t-test,
mean of controls: 393 + 178.6 U/ml; p = 0.005). In those
patients who were anti-HSP60 positive under medication,
the sIL-2R levels increased markedly during treatment
(from 506.5 + 132.2 U/ml to 993.0 £ 515.6 U/ml) with
only a slight overlap in the standard deviations; with re-
spect to the small number of individuals (six), no statisti-
cal calculations were carried out. Data of sIL-2R are
shown in Fig. 2, comparing the unmedicated and the med-
icated patients with controls astotal groups and after split-
ting into anti-HSP60 normal and positive ones.

In contrast to the sIL-2R levels which were signifi-
cantly higher in medicated schizophrenics than in con-
trols, levels of sSICAM-1 were lower in both, unmedicated
(249.6 + 118.5 ng/ml, p = 0.042) and medicated schizo-
phrenics, (242.6 + 86.4 ng/ml; p = 0.009) as compared
with controls (301.4 + 57.0 ng/ml). Comparing the groups
of patients with elevated vs normal antibody titres, levels

of SICAM-1 appear to be higher in the anti-HSP60-posi-
tive patients (anti-HSP60 negative mean: 217.6 + 51.4 ng/
ml; anti-HSP60 positive mean: 337.4 + 129.6 ng/ml);
again, statistical calculation was not recommended.

We found additional correlations between serum con-
centrations of anti-HSP60 antibodies and the CSF/serum
albumin ratio (r = 0.561, p = 0.029) as well asto IgG in
CSF (r = 0.610, p = 0.016) in medicated patients. Even
stronger relations were found to the serum concentrations
of SSICAM-1 (r = 0.641, p = 0.001) and of sIL-2R (r =
0.527, p = 0.004). A Mann-Whitney test comparing pa-
tients with high vs normal anti-HSP60 titres underlined
the difference of sIL-2R levels (U = 12.0, p = 0.001) and
sICAM-1 levels (U = 20.5, p = 0.053) between the sub-
groups.

Discussion

The aim of our study was to identify a subgroup of schiz-
ophrenic patients by immune parameters. For that purpose
we measured the immunoreactivity against human 60-kDa
HSP in serum of patients before and during antipsychotic
medication. Additionally, we estimated the soluble im-
mune parameters siICAM-1 and sIL-2R.

Our finding of autoantibodies against human HSP60
reproduces the results of Kilidireas et a. (1992) using a
more specific method. The method of Kilidireas and col-
leagues was based on the binding of serum antibodies to
electrophoretically separated proteins from neuroblas-
toma cells. In their study 14 of 32 schizophrenic patients
(44%) showed antibodies to a 60-kDa protein of the
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Fig. 2 Means of concentration of soluble interleukin-2 receptor
(sIL-2R) in patients before (su) and during antipsychotic medica-
tion (st) and in controls (c). The left part of the figure shows the
whole group of schizophrenics and controls, and the right part
shows those patients and controls that did not have elevated anti-
body titres. The numbers indicated by an asterisk show the p-val-
ues after t-test for independent samples, and those marked by a
double asterisk show the p-values after t-test for paired samples

lysate, but only in 8 of 100 non-schizophrenic controls
were these antibodies observed. The 60-kDa protein was
identified as HSP60. There was no consideration for a
treatment effect or other clinical and laboratory param-
eters.

In our study 10% of the 30 unmedicated and 20% of
the medicated patients, but only 3% of the healthy con-
trols, had elevated anti-HSP6O titres; thus, only patients
under antipsychotic medication showed a significant dif-
ference to controls, but not the unmedicated patients.

The increase in the proportion of patients showing ele-
vated anti-HSPG60 titres could be explained by different
hypotheses. Firstly, the non-significant increase may rep-

resent a nonspecific epiphenomenon by chance. Secondly,
if treatment over several weeks results in a double in-
crease in the proportion of anit-HSP60-positive patients,
treatment over a longer period, maybe even over years,
could lead to a significant proportion of anti-HSP60-posi-
tive patients similar to that obtained by Kilidireas and col-
leagues (Kilidireas et a. 1992). Thirdly, since in amost
half of our patients it was the first episode of the disorder,
the slight increase in the number of patients with elevated
titres might be explained by the course of schizophrenia.
After alonger duration of disease, a much higher propor-
tion of schizophrenic patients might have elevated anti-
body titres.

Further investigations with alonger period between the
measurements have to prove the hypotheses.

Another question is, in which way are antibodies
against HSP60 involved in the pathophysiology of schiz-
ophrenia. One explanation could be a cross-reactivity of
HSP with other proteins, as observed in multiple sclerosis
as cross-reaction between mycobacterial HSP65 and an
enzyme involved in metabolism of myelin (Birnbaum et
al. 1994). On the other hand, the neuroprotective protein



activity-dependent neurotrophic factor (ADNF) has been
described, which shows strong sequence homology to
HSP60 (Brenneman and Gozes 1996); therefore, the prin-
cipal disease-related effect of anti-HSP60 still has to be
clarified.

The prerequisite for an involvement of these antibodies
in the pathophysiology of schizophreniais the presence of
the antibodies in the CSF aswell. A useful method to elu-
cidate the question as to whether serum antibodies may
act intrathecally is the comparison of serum/CSF abumin
ratio and 1gG content of the CSF with the serum antibody
titres, since the serum/CSF abumin ratio is a marker of
blood—brain barrier impairment. The correlation of this
quotient with high anti-HSP60 titres point out that the
serum antibodies may penetrate the blood-brain barrier
and then react with structures within the CNS. The corre-
lation of 1gG in CSF with high anti-HSP60 titres might
thus be an indicator for the relatively higher concentration
of the anti-HSP60 antibodies in CSF than in serum. In a
different population of schizophrenic patients we evalu-
ated the relationship between anti-HSP60 antibody titres
in serum and CSF (r = 0.644, p = 0.033; manuscript in
preparation). This suggests that the results of antibody
measurement in serum could be transferred to the CSF,
thus indicating a possible activity of these antibodies in
the CNS.

The comparison of the antibody titres with clinical and
immunological datayielded some interesting associations.
Especially women showed high antibody titres. Thisisin
agreement with findingsin the literature that females have
a higher susceptibility for autoimmune reactions than
males (Beeson 1994). The observation of alower score of
unmedicated, antibody-positive patients in the positive
symptoms scale should not be overrated, because of the
small number of patients, but it could give avaluable hint
for further investigations.

Elevated CSF/serum albumin ratio correlated with
high anti-HSP60 concentrations as well as with high con-
centrations of CSF 1gG. These findings could indicate a
disturbed blood-brain barrier and an autologous 1gG pro-
duction associated with increased immunoreactivity
against HSP6E0, i.e. the higher the anti-HSP60 titres, the
more marked the blood-brain barrier impairment.

The strong correlation between anti-HSP60 and solu-
ble ICAM-1 or IL-2R and the higher levels of these im-
mune markers in the subgroup of anti-HSP60-positive pa-
tients gives additional hints to the immunological rele-
vance of these antibodies. Elevated levels of circulating
IL-2R in schizophrenic patients have aready been de-
scribed and discussed as being associated with autoreac-
tive diseases (McAllister et a. 1991; Muller et al. 1997).

Elevation of sSICAM-1 has been reported in inflamma-
tory and autoimmune diseases (van de Stolpe 1996). Data
with schizophrenic patients are still missing. Interestingly,
in our study the mean sICAM-1 levels were decreased in
schizophrenic patients as compared with controls. Only
the subgroup of anti-HSP60-positive patients had
markedly higher ICAM-1 levels. Additionally, this group
of patients had a treatment effect on the levels of sIL-2R
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and sICAM-1, in contrast to the other patients. This could
indicate a differential reaction on neuroleptic therapy in
those patients, who have elevated anti-HSP60 titres.
Although our number of patients and controls investi-
gated is small, the consistency of the data indicate an ac-
tivation of the immune system at least in some of the pa-
tients. The anti-HSP antibodies could be a nonspecific
sign of an altered immune reactivity, but together with the
atered levels of SICAM-1, sIL-2R and of 1gG in the CSF,
as well as the blood-brain barrier impairment, this could
be a useful tool for the identification of a schizophrenic
subgroup. This suggestion is further underlined by the ef-
fects of treatment upon antibody titres. The final identifi-
cation of a subgroup with altered immunoreactivity would
imply a different treatment strategy in these patients.
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