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ABSTRACT

Data accumulated from neuro-imaging, clinical and morphological studies suggest that the cerebellum is involved in
cognitive functions and thus may be important in the etiopathogenesis of schizophrenia, since patients show cognitive
abnormalities. In the present study, we have attempted to localize cellular metabolic dysfunctions applying the immu-
nohistochemical and Western blot method to demonstrate the expression of the stress protein HSP70, which is a marker
of cellular metabolic dysfunction in the brain. We studied the post mortem brains’ cerebellum of 12 normal controls and
10 schizophrenics. We have used the polyclonal antibody rabbit anti-HSP70 on paraffin sections as well as on nitrocel-
lulose membranes. Bound antibody was detected using the indirect method of streptavidin-peroxidase-DAB. The results
in the cerebellum of controls showed intense HSP70 immunoreaction in the synaptic glomeruli of the granular cell layer,
in the cytoplasm and dendrites of Purkinje cells. In the same areas of the cerebellum of schizophrenics the HSP70 im-
munoreactivity was minimal. These results suggest that the reduced levels of HSP70 in the cerebellum are likely to
contribute synergistically to the cognitive dysfunction in schizophrenia. This may suggest abnormality of protective

neural mechanisms in such pathological conditions.
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1. Introduction

Data accumulated from neuroimaging, clinical and mor-
phological studies, in controls, suggest that the cerebel-
lum is involved not only in motor, but also in cognitive
functions [1]. The cerebellum is thus important in the
etiopathology of schizophrenia since neuroimaging, clini-
cal, functional and cognitive studies [2] indicate that
schizophrenic patients show abnormalities compared to
controls. However, in schizophrenia, changes in expres-
sion of some proteins showed to influence the regulation
of synaptic function [3]. Another study indicates the dys-
function of synapses in schizophrenia [4]. In particular,
constitutive proteins of functional synapses such as syn-
aptophysin and complexin I and II presented a reduced
expression leading to damage of specific synapses. Addi-
tionaly, functional and constitutive cerebellar anomalies
have been mentioned widely in diseases such as schizo-
phrenia, anxiety, depression and mania [5].

It is believed that cells maintain the ability to respond
to cellular stresses (variety of stimuli such as heat, hy-
poxia, radiation, viral infections, etc.) by increasing the
expression of proteins referred to as Heat Shock Proteins
(HSPs). The most studied member of HSP family is
HSP70 which in normal functioning cells have been
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shown to participate in protein folding, molecular chap-
eroning and protein translocation [6]. The overexpression
of HSP70 seems to function, as part of a mechanism re-
sponsible for cellular protection, in animal models after
cerebral ischemia followed by cardiac arrest [7]. It is
known that HSP70 regulates the cellular apoptosis: 1)
directly, by intervening to the function of some proteins
which induce the apoptotic cell death and 2) indirectly,
by increasing the levels of anti-death protein bcl-2 [8].
All the previous findings converge to the protective role
of HSP70.

In the present study, we sought to localize indicative
cellular metabolic dysfunctions in the cerebellum of post
mortem brains of schizophrenics and normal controls,
using HSP70 as a biomarker of cellular metabolic altera-
tions and a measure of neuronal injury in the brain [9].

2. Methodsand M aterials
2.1. Characteristics of Human Subject Tissues

The post mortem brain tissues from the region of cere-
bellar cortex were obtained from: 1) the Psychiatric
Clinic of Bel Air University, Geneva and 2) the Forensic
Pathology Service of Athens, Ministry of Justice. In total
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22 samples were included in our study.

In specific, the brain tissues from Bel Air University
were obtained with medical and psychiatric records of
the subjects and were diagnosed according to DSM-IV

criteria: 10 cases of schizophrenia and 3 cases of controls.

9 brain tissues from the Forensic Pathology Service of
Athens were collected and after a detailed study of the
autopsy reports and toxicology records were defined as
normal controls. These subjects died from sudden cardiac
arrest. The patient data including age, sex, diagnosis,
post mortem interval, form of tissue and cause of death
are listed in Table 1.

2.2. Preparation of Sections

All brain tissues had volume 3 ¢cm’ and were fixed in
neutral buffer formalin for seven days and then processed
and embedded in paraffin to form blocks for the best
preservation of the post mortem tissues. For all tissue
samples, total sections of 5 - 7 um thickness were cut
from these blocks and were mounted onto microscope
slides until use. For each case, total tissue sections were

stained with Luxol Fast Blue-Cresyl violet (LFB-Cr) [10].

This histological study was succeeded for the demonstra-
tion of myelin phospholipids, mitochondria and nucleo-
lus (stained with a dark azure color) and proteins (stained

with light blue color). Nucleic acids, Nissl bodies and
RNA were stained with a violet color.

2.3. Immunohistochemical Detection of HSP70

Tissue sections from cerebellar cortex of 10 schizophren-
ics and 12 controls (as mentioned before) were processed
for immunochemical detection of HSP70 protein. The
sections were exposed to heat (58°C - 60°C) for 2 hours
and incubation with 3% hydrogen peroxide after rehy-
dration was followed. Blocking agent (DAKO, Denmark)
was added on the tissues for 10 min to block the en-
dogenous peroxidase activity. Next, sections were incu-
bated for 18 h at 4°C with the primary polyclonal rabbit
antibody anti-HSP70 (1:1000, DAKO). Biotinylated Per-
oxidase conjugated goat anti-rabbit Igs (DAKO) was
used for 10 min. The enzyme horseradish peroxidase
(HRP, DAKO) was used as the visualization system and
DAB (Boehringer Ingelheim, Germany) was used as the
chromogen. Sections were counterstained with haema-
toxylin. Three washes with TBS buffer were performed
between the previous steps.

The reactivity of HSP70 antibody was confirmed in
human breast carcinoma tissue as positive control. The
omission of primary HSP70 antibody in each cerebellar
tissue section of controls served as a negative control.

Table 1. Data of subjects.

No Age/Sex Diagnosis Autolysistime Form of Tissue Cause of death
1 47/M Control 7.5 hr Fresh and formalin fixative Myocardial infarction
2 65/M Control 12.5 hr Fresh and formalin fixative Myocardial infarction
3 60/F Control 21.5hr Fresh and formalin fixative Myocardial infarction
4 57/M Control 12 hr Fresh and formalin fixative Myocardial infarction
5 46/M Control 24 hr Fresh and formalin fixative Myocardial infarction
6 88/'M Control 7 hr Fresh and formalin fixative Myocardial infarction
7 91/F Control 20 hr Fresh and formalin fixative Aneurysm of ascending aorta
8 82/F Control 18 hr Fresh and formalin fixative Myocardial infarction
9 S52/F Control 13 hr Fresh and formalin fixative Myocardial infarction
10 48/M Control 16 hr Fresh and formalin fixative Myocardial infarction
11 52/M Control 11 hr Fresh and formalin fixative Myocardial infarction
12 58/M Control 10 hr Fresh and formalin fixative Myocardial infarction
13 S4/F Schizophrenia 24 hr Fresh and formalin fixative Myocardial infarction
14 64/F Schizophrenia 19 hr Fresh and formalin fixative Cardiopumonary arrest
15 67/F Schizophrenia 6 hr Fresh and formalin fixative Acute pulmonary edema
16 73/M Schizophrenia 8 hr Formalin fixative Myocardial infarction
17 82/M Schizophrenia 15.5 hr Formalin fixative Cardiopumonary arrest
18 94/F Schizophrenia 19 hr Formalin fixative Myocardial infarction
19 47/M Schizophrenia 12 hr Formalin fixative Myocardial infarction
20 68/M Schizophrenia 15 hr Formalin fixative Myocardial infarction
21 55/M Schizophrenia 18 hr Formalin fixative Myocardial infarction
22 73/M Schizophrenia 11 hr Formalin fixative Acute pulmonary edema

M: Male, F: Female.
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All the tissue sections were scored on a scale ranging
from 0 to 4 according to the intensity of the reaction. The
subjective scores were determined by two observers.

2.4. Protein Extraction and Western Blot
Analysis

0.2 g of the brain fresh sections from 5 controls and 3
schizophrenics were homogenized in 2 ml homogeniza-
tion buffer (pH 7.5): 50 mM Tris hydroxymethyl ami-
nomethane (Merck, Germany), 1| mM EDTA (Bio-Rad,
USA), 1% Sodium deoxycholic acid (Serva, Germany),
0.5 M Potassium chloride (Serva) and 13 pl/It cocktail
inhibitors (Sigma, Germany). The homogenization mix-
ture was centrifuged at 2000 rpm for 10 min at 4°C. The
sediment was collected and centrifuged at 14,000 rpm for
30 min at 4°C. Supernatant containing total protein ex-
tracts were recovered and protein concentrations meas-
ured by the Bradford method, Bradford MM, 1976. After
denaturation at 95°C for 5 min, protein extracts (50 pg of
total protein) and kaleidoscope prestain standard markers
(positive control, Bio-Rad) were subjected to SDS/PAGE
(10% polyacrylamide) at 100 volts for 2 hours at room
temperature (RT) and transferred to pure nitrocellulose
membrane (Bio-Rad) at 30 volts for 18 hours at 4°C us-
ing a mini Trans-blot electrophoretic transfer cell (Bio-
Rad).

The nitrocellulose membrane was treated with block-
ing solution: TBS buffer, 0.5% Tween 20 and 5% non-fat
milk, for 1 hour at RT, then incubated for 18 hours at 4°C
with the primary polyclonal rabbit antibody anti-HSP70
(1:1000, DAKO) diluted in TBS buffer, 0.5% Tween 20
and 1% bovine serum albumin. Next, the membranes
were incubated for 1 hour at RT with HRP conjugated
secondary antibody (DAKO) diluted 1:2000 in TBS buffer,
0.5% Tween 20 and 1% non-fat milk. Three washes with
TBS buffer and 0.5% Tween 20 were performed between
the previous steps. Western blot was developed using the
ECL detection kit (Amersham, Germany) and exposed to
high performance chemiluminescence film (Kodak, USA).
The quantification analysis was performed based on the
band density data calculated with Gel Analyzer 3.0 soft-
ware (Media Cybernetics, L.P., USA). In order to check
the linearity of the band densities obtained by the chemilu-
minescence methodology, a Western blot assay without
the primary antibody was performed (negative control) as
above.

2.5. Statistical Analysis

Student’s t-test analysis was applied to determine whether
the differences observed between groups (schizophrenia
and control) were statistically significant (p < 0.05). For
immunolabelling intensity, 3 microscopic areas in each
layer of the cerebellar cortex: Molecular, Purkinje and
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Granular (20%, 40x and 100% magnification) were ex-
amined for each slide.

Differences in data obtained from the Western blot
were also evaluated using Student’s t-test.

3. Reaults
3.1. Protein Distribution

Cellular localization of HSP70 was revealed by immu-
nohistochemistry. For the controls, immunohistochemis-
try images of the analysed areas showed moderate to
intense immunoreactivity in the cytoplasm and dendrites
of Purkinje cells (Figure 1(a)) whereas HSP70 immuno-
reactivitity (HSP70-IR) was intense in the synaptic
glomeruli of the granule cell layer (Figure 1(c)). In the
molecular layer, intense HSP70-IR was observed in the
cytoplasm of the stellate cells (not shown). Compared
with the controls, remarkable differences of reduced
HSP70-IR were found in the group of schizophrenic
samples. Specifically, mild HSP70-IR was marked in the
cytoplasm of Purkinje cells (Figure 1(b)), whereas mild
or no HSP70-IR was found in the synaptic glomeruli of
the granule cell layer (Figure 1(d)). Lack of HSP70-IR
was observed in the stellate cells (not shown).

The antibody used for the detection of HSP70 resulted
in specific cytoplasmic staining in the human breast car-
cinoma sections (positive controls). However, the nega-
tive controls did not show any immunohistochemical
reaction. Finally, many areas of synaptic glomeruli in the
schizophrenics’ cerebella showed lack of HSP70 immu-
noreactivity compared to the controls (p < 0.01). The
Mean + SEM score, ranging from 0 to 4 according to the
intensity of the reaction, for the controls was 2.92 + 0.23
and for the schizophrenics was 1.30 £ 0.21.

3.2. Expression of HSP70

Tissue extracts from the cerebellum were subjected to
Western blot analysis to examine quantitative changes in
the expression of HSP70 in control and schizophrenic
groups. A single band of 70 kDa, approximately, was
obtained by Western blotting, demonstrating the speci-
ficity of the anti-HSP70 antibody. Statistically significant
differences were observed between controls and schizo-
phrenics with respect to global HSP70 expression in the
single CNS zone (Figure 2(a)). The optical density of
controls’ protein bands was almost twice higher than the
schizophrenics’ protein bands (p = 0.046) (Figure 2(b)).

4. Discussion

The main findings of the present study are that: 1)
HSP70 is expressed in the synaptic glomeruli and in the
cytoplasm and dendrites of Purkinje cells, of the normal
controls’ cerebellar cortex; 2) cerebellar HSP70, at the
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Figure 1. Representative sample of photos. Purkinje neurons of control subject showing HSP70 IR depositsin neuronal cyto-
plasm and dendrites as well as dense accumulations in nuclear cups (a). Purkinje neuron of schizophrenic subject showing
weak cytoplasmic HSP70 IR but moderatereaction in cytoplasmic aggr egates (b). Intense HSP70 IR in the synaptic glomeruli
of the granule cell layer (c). Absence of HSP70 IR in the areas of synaptic glomeruli of the granule cell layer (d).
Anti-HSP70/DAB/Gill’ s haematoxylin. x 1150.
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a ] + L ]
M: Marker, 1-5: Controls, 6-8: Schizophrenics
(a) Western blot
45
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30 A

, 25
Quantity of
HSP70 20
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10 A

1 2 3 4 5 6 7 8
Mean+SEM: -Controls(1-5)-27.2+3.61-,-Schizophrenics: (6-8)-13.67+0.88.

(b) Optical Density

Figure 2. (a) A blot of 15% polyacrylamide gel probed with the anti-HSP70 antibody (single band). Lanes 1 - 5 wer e samples
of cerebellar human controls. Lanes 6 - 8 were samples of cerebellar human schizophrenics. Lane M contained prestained
molecular weight standard (Bio Rad, Hercules, CA), whose size is 70 Kilodaltons; (b) The Diagram represents the total
amount of HSP70 protein (in each sample), resulting from the measurement of optical density of single bands that are shown
in Figure 2(a).
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same areas, is significantly reduced in schizophrenia. In a
study [11], the levels of HSPA 12A (member of family
of protein stress HSPs which shows a strong domain
homology to HSP70) were low in the dorsolateral pre-
frontal cortex (DLPFC) of schizophrenic patients com-
pared to normal controls. In addition, at the same study,
the levels of HSPA 12A on the DLPFC of subjects with
Major Depressive Disorder showed no change compared
with the controls. This suggests that the expression
change observed in schizophrenia is not characteristic of
all brain disorders. It is known that the overexpression of
HSP70 in vivo protects the brain from stressful factors as
ischemia and heat shock that cause damage [12].

The cause of death of all the control subjects in our
study was the cardiac arrest that resulted to global cere-
bral ischemia which induces the expression of HSP70
and protect brain cells from damage [13,14]. Thus, the
cardiac arrest is the one of the causes of death that estab-
lish subjects as normal controls in order to compare them
with pathological subjects.

It is interesting to note that all patients of our study
had received antipsychotics. This fact raises the question
as to whether this medication could have caused HSP70
reduction. The cerebellum is probably not the target of
antipsychotics since most of its neurochemical and mor-
phological sequelae occur in the striatum and prefrontal
cortex. Antipsychotics do not affect the expression of
synaptic proteins in the cerebellum [15]. On the other
hand, in a study of schizophrenic patients without medi-
cation, a frequency of patients showed high levels of
HSP70 antibodies whereas after six weeks of antipsy-
chotic treatment the levels were decreased significantly
[16]. In another similar study of HSP70 antibodies in
patients with schizophrenia, six out of seven drug-free
patients experiencing their first episode of schizophrenia
showed high antibody titers against HSP70 [17]. As the
author suggests, this finding may be an important mecha-
nism in a subgroup of patients with schizophrenia.

Reduced or lacking of HSP70 immunoreaction in the
cerebellar synaptic glomeruli of schizophrenic patients
reveals abnormal synaptic organization that contributes
to neurological dysfunction associated with schizophre-
nia. Schizophrenia is a heterogeneous disease that en-
compasses different phenotypic manifestations of the
disease. Different subjects with schizophrenia within a
sub-class have different subject-specific synaptic deficits,
but they all converge at a functional level to affect synap-
tic transmission between neurons. Synaptic disturbances in
schizophrenia cannot be studied and understood as an
independent disease hallmark, but only as a part of a
complex network of events. In a recent study, colocaliza-
tion of DISC1 and HSP70, in both cell lines and neurons
was reported. However, it was showed that by enhancing
proteasomal activity the DISC1 aggresome formation
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was reduced and the aggresome was processed by fusion
with the autophagosome [18]. This may be a possible ex-
planation of the reduced or absence HSP70 immunoreac-
tivity in the cerebellar synaptic glomeruli of schizoph-
renic patients in our study. The synaptic pathology of
cerebellum in schizophrenia rather selectively acts on the
excitatory neurons, ie. granule cells [19]. In a study,
ablation of Golgi cells in the cerebellum reduced the re-
lease of GABA (y-aminobutyric acid) that caused the
excitability of NMDA (N-methyl D-aspartate) glutamate
receptors in granule cells [20]. Another study investigat-
ing cerebellum of patients with schizophrenia and de-
pression showed reduced levels of the enzyme glutamic
acid decarboxylase that is responsible for the conversion
of glutamate to y-aminobutyric acid [21]. Moreover, the
cerebellum is involved in many activities of the cerebral
cortex. Thus any abnormality of the cerebellum can lead
to different dysfunctions of the cerebral cortex, i.e. cog-
nitive, and consequently results to a variety of patho-
logical symptoms as observed in schizophrenia. The re-
duced levels or absence (in many synaptic glomeruli) of
HSP70 may also affect the transfer of information from
granular to Purkinje cells. These two types of cells, syn-
ergistically, contribute to the setting or synchronization
of cerebral cortex, providing information to nuclei such
as dentate nucleus [22].

There are some limitations to the current study includ-
ing the small sample size of post mortem brains for im-
munohistochemistry and the even smaller sample size for
Western blot analysis. This study (as all post mortem
studies) offers very limited insight into the time course
by which the synaptic alterations concerning HSP70 de-
velop in schizophrenia.

The present study showed the dysfunction of synapses
in the cerebellar glomeruli of the granular layer, in pa-
tients with schizophrenia, by reduced levels or absence of
HSP70. This finding supports: 1) the synaptic pathology
and 2) abnormality of neuroprotective mechanisms in
neuronal networks of the cerebellum in schizophrenia.
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