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The accumulation of the B-amyloid peptide (BAP) in the brain, produced from the ubiquitously
expressed amyloid precursor protein (APP) is a defining feature of Alzheimer’s disease (AD).
Consistent with studies demonstrating the importance of skin biopsy in the diagnosis of neuro-
degenerative disorders, we investigated whether differences in intracellular free calcium levels
([Ca?*)) of cultured cutaneous fibroblasts derived from sporadic AD patients and from age-
matched control individuals might be present. [Ca**]; was measured in Fura-2AM-loaded
human fibroblasts by dual wavelength spectrofluorimetry. AD cells exhibited lower [Ca®*); as
compared to the control cultures. Exposure of fibroblasts to BAP resulted in increased [Ca®*);
of the control cells, but not of AD fibroblasts. Qur test could prove useful in supporting the di-
agnosis of (sporadic) AD in patients suspected of suffering from the discase.
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INTRODUCTION

Senile plaques and neurofibrillary tangles comprise
the major neuropathological lesions of Alzheimer’s dis-
ease (AD). The plaques contain extracellular deposits
of B-amyloid (BAP) protein, which form abundant
amyloid fibrils (7-10nm) intermixed with amorphous
aggregates of this peptide. Deposits are composed of
BAP,;,, the 42 amino-acid-residue form of the peptide.
Chronic elevation of BAP,; in brain interstitial fluid
(and also inside neurons) gradually leads to oligomer-
ization and fibrillation of the peptide. Accumulation of
BAP,, initiates inflammatory and neurotoxic cascades.
Progressive neuritic injury results in disruption of neu-
ral metabolic and ionic homeostasis. Destabilization of
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Ca®* homeostasis in neurons plays a central role in AD
pathogenesis (1).

Exposure to BAP elicits sustained activation of
Ca®*-permeable receptor channels, which results in a
pathological enhancement of inward Ca2* currents and
a subsequent increasc in the [Ca?*}; (2-5). Elevation
of [Ca?*); may further progress through the activation
of second messengers that mobilize intracellular Ca**
(e.g., IP;) resulting in Ca* release from its intracellu-
lar stores (6-7). As a result, [Ca?*]; may reach patho-
logical concentrations which exhausts the buffering
capacity of intraccllular Ca?* pools, particularly that
of the mitochondria and endoplasmic reticulum, and
triggers Ca?*-mediated Ca?*-release from intracellu-
lar stores (8). Damage to the mitochondria results in
the enhanced production of free radicals, and in the
translocation of “death factors™ involved in apoptotic
cell death into the cytosol. Accordingly, elevated
[Ca®*]; predisposes cells to self-degeneration (9).

Early diagnosis of AD would be very important,
however it has proved to be a difficult task. Abnor-
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malitics attributed to AD have been reported in many
cell types such as erythrocytes (10), lymphocytes (11)
and platelets (12). BAP also forms deposits in the skin
of AD patients (13) presumably causing abnormalities
in fibroblast biochemistry. A large number of studies
have showed various alterations in fibroblasts, eg. dis-
turbances of Ca?*-uptake (14), glucose metabolism
(15) and other biochemical changes (16,17). Peterson
et al. (18) have found alterations in biochemical
processes in cultured skin fibroblasts of Alzheimer
donors.

In that fibroblasts have, for long time, served as
models of neurobiological disorders (19) including
AD (20), cutaneous biopsy has proved to provide great
support in the diagnosis of neurodegenerative diseases
(21,22). Our aim was to study whether readily avail-
able tissues such as fibroblasts can serve as simple
supportive systems to the diagnosis of AD.

This communication summarizes techniques which
have been used to study the biochemistry and physiol-
ogy of skin fibroblasts isolatcd from patients with cer-
tain neurometabolic disorders including AD. Because
AD has proved to be a systemic disorder, with the most
prominent pathology in the cognitive functions of the
brain, biochemical changes of fibroblasts are presumed
to reflect changes that occur in the central nervous sys-
tem of neurologically impaired patients (23).

EXPERIMENTAL PROCEDURE

Patients. Forearm excision biopsies were obtained after in-
formed consent from late-onset sporadic AD patients (aged 73 *
10.11, npp = 42) and age-matched controls (aged 71 * 8.8. np =
16). At the time of skin biopsy, all participants were outpatients. The
diagnosis of AD was made according to DSM-IV criteria (24). All
AD donors met the DSM-IV definition of dementia of the
Alzheimer’s type, which requires evidence of cognitive deficits (cri-
terion A) and a process of decline from previous levels (criterion C);
none of them had history of familial AD. Control individuals were
tested negative for any forms of dementia.

Fibroblast Culture Methods. All AD and control samples were
cultured in the same conditions. For outgrowth of fibroblasts, small
pieces of skin material were placed in cell culture flasks (25 cm?) and
grown for 3-5 wecks in Dulbecco’s modified Eagle’s medium
(DMEM) containing 5% of heat inactivated fetal calf serum (FCS) as
well as penicillin (100 U/ml), streptomycin (100 pg/ml) and 2 mM
glutamate in a humidified atmosphere of 95% air and 5% of CO,.
Cells were detached for serial passaging using 0.01% of trypsin and
0.02% of EDTA. Stocks of each cell line (passage number: 5) were
frozen to —80°C and stored at —130°C until use. After thawing, cells
were used to seed on glass coverslips in a 24-multiwell plate in the
DMEM medium containing 5% of FCS. Cultures maintained in this
way were generally confluent by day 7 and were used for measure-
ments of [Ca?*];. All fibroblasts had a characteristic spindle-shaped
appearance and were attached firmly to the coverslips. Viability of
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cells was estimated by the method of intravital staining with Trypan
Blue after the incubation of cell suspension in the presence of the
preparation (0.2% ‘frypan Bluc in Hank’s balanced saline solution,
HBSS). After 5 minutes of incubation in the solution, 1.5% of cells
absorbed the dye. In line with this finding we concluded that 98.5%
of fibroblasts present on the coverslips were viable.

Measurement of Intracellular Free Calcium Levels. [Ca®*};
were quantified by fluorescence ratio imaging of the calcium indi-
cator dye Fura-2AM. Cells were incubated for 30 mins in the pres-
ence of 1 pM of the acetoxymethylester form of Fura-2AM.
Cultures loaded with the dye were then washed twice with PBS so-
lution and were used immediately for imaging. To check that load-
ing of the cells with the dye and intraccllular cleavage of the ester
occurred. we sampled the fluorescence excitation ratios before load-
ing the cultures with the dye. Ratios of unlabelled cells observed at
495 nm were 10.67 * 3.26, around 3-times lower when compared io
the ratio of 35.43 *+ 8.03 after incubation with the dye; this is char-
acteristic of Fura-2AM fluorescence. Images were obtained using a
Hitachi F-2000 spectrofluorimeter. The ratio of the fluorescence
emission of the cultures using two different excitation wavelengths
of 340 nm and 380 nm, at emission wavelength of 495 nm was ap-
plied to determine [Ca’*],. Total protein contents of the coverslips
were measured according to Lowry (25).

Synthesis, Purification and Use of B-Amyloid (B{1-42]) Pep-
tide in Fibroblast Cultures. The amyloid peptides were prepared by
solid phase methodology (26) using Boc-chemistry with an ABI
430A automated peptide synthesizer on paramethylbenzhydryl-
amine(MBHA)-resin, using standard protocoll. Final deprotection as
well as the cleavage of the peptides from the resin were performed
with anhydrous hydrogen fluoride. After the removal of the hydro-
gen fluoride. the free peptides were precipitated with diethyl ether,
filtered. washed with diethy! ether and extracted with 95% of TFA,
diluted with water. and purified by using a preparative HPLC sys-
tem (Shimadzu LC-8A, equipped with Bakbond WP C4 column, 300
X 47 mm, 300 A pore size, 15-20 um particle size). Peptides were
cluted with a solvent system consisting of (1) 0.1% of aqueons tri-
fluoroacetic acid and (2) 0.1% of trifluoroacetic acid in 80% of
aqueous acetonitrile in a linear gradient mode for 30 minutes at
80ml/min flow. Pure fractions were pooled and lyophilized. Data of
electrospray mass spectrometry (ES-MS, FinniganMat TSQ 7000
mass spectrometer) were in accordance with the calculated average
molecular masses.

Peptides were dissolved in phosphate-buffered saline (PBS)
and were incubated for an hour to “age” before direct use in cell cul-
ture. In the experiments where BAP was used, fibroblasts were in-
cubated in 10~"M of the peptide for 16 hours.

RESULTS AND DISCUSSION

Scven days after seeding, cultured fibroblasts from
both Alzheimer and control donors were 80% confluent.
Cells were competent to be labeled with Fura-2AM at
37°C by passive diffusion during the experiments. The
ratio of fluorescence of the control cells at 340 and
380 nm representing [Ca®*); revealed 2.48 * 0.162,
whereas Alzheimer fibroblasts exhibited a ratio of 2.052
+ 0.207 (Table I). These findings indicate that cultured
cells from donors of Alzheimer’s discase demonstrate
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Table L. 340/380 Fluorescence Excitation Ratios

340/380 Fluorescence Number of
Cultures excitation ratio coverslips
Control 2.480 * 0.162 16
Alzheimer 2,052 = 0.207 42
Control + BAP 2.666 + 0.08 16
Alzheimer + BAP 2055 £ 0.125 42

Comparative fluorimetric studies on human control and Alzheimer fi-
broblasts on the 340/380 flucrescence excitation ratios using the Ca?* -
indicator dye Fura-2AM. The cells were cultured with or without
B(1-42)amyloid peptide (BAP) for 16 hours at 37°C. The fluores-
cence excitation ratios were calculated from fluorescence intensi-
ties observed at 495 nm using excitation wavelengths of 340 and
380 nm.

significant decreases in free cell calcium when com-
pared to that of age-matched controls. These data
clearly indicate that detectable biochemical alterations
are present in Alzheimer fibroblasts. A disrupted intra-
cellular free calcium level of either fibroblasts or neu-
rons, however, can be attributable to many metabolic
disorders. To find specificity of these changes for AD,
we investigated in another set of experiments whether
abnormalities in response to long-term BAP exposition
are also present in fibroblasts.

Measurements of [Ca?*]; with Fura-2AM in con-
trol fibroblasts incubated for 16 hours in 10™'M of
fresh BAP[1-42] revealed an increase in the 340/380
fluorescence excitation ratio (2.66 * 0.08), the mark
of an increase in free calcium level (Table I). In con-
trast, Alzheimer cultures maintained in the same con-
ditions showed little or no change in the free cell
calcium (fluorescence ratio: 2.055 * 0.125).

In order to rule out any possible artifacts caused
by gross alterations in the cell number/cell mass actu-
ally present on the coverslips, the total protein content
of the coverslips was also determined. Coverslips
with control fibroblasts were found to contain 146.9
* 8.4 pg protein/coverslip, whereas Alzheimer cells
contained 139.1 * 5.1 ug protein/coverslip. This dif-
ference is not significant in statistical terms, suggest-
ing that the total protein content of Alzheimer and
control fibroblasts, reflecting cell number, did not dif-
fer considerably.

Our data, summarized in Table 1, indicate that
chronic exposure of cells to BAP causes a rise in free
cell calcium only in control fibroblast cultures. BAP
disrupts calcium-regulating processes in control cells
resulting in elevations of free cell calcium. Alzheimer
fibroblasts do not show this change.
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Despite the major pathological findings in the
central nervous system of Alzheimer patients, the
present study, as well as previous ones (10-19), indi-
cate that metabolic deficits occur in non-neuronal tis-
sues. Furthermore, fibroblasts express metabolic
alterations that reflect dysfunction in other organs,
such as the brain. The pathomechanism behind these
findings remains unknown. In light of evidence, how-
ever, that BAP deposited in skin of patients with AD
(13), we hypothesize that Alzheimer fibroblasts could
be rendered resistant to BAP because of the chronic,
long-term expositions, lasting years, of cutaneous cells
to the peptide. These findings, however may also be
attributable to agents other than BAP. This is there that
our ongoing study aims to find specificity for alter-
ations of [Ca?*};, in AD.

The most common form of AD is of the late-onset
sporadic type (27). Fibroblasts of our sporadic AD pa-
tients were distinguished from normal ones in our ex-
periments. The specificity of our test for AD has not
yet been proved, e.g., it can also be positive for Down-
syndrome patients. However, our examination would
appear useful for establishing new methods for the
early diagnosis of late-onset AD cases.
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B-Amyloid-induced increase in the resting intracellular
calcium concentration gives support to tell Alzheimer
lymphocytes from control ones
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ABSTRACT: Senile plaques containing g-amyloid peptide (8AP)
comprise the major neuropathological lesions in Alzheimer’s
disease (AD). In line with ongoing studies investigating alter-
ations of various biochemical processes of cells of peripheral
tissues, the authors demonstrate differences in resting intra-
cellular free calcium levels of lymphocytes harvested from
sporadic Alzheimer patients and from age-matched controls.
Resting intracellular calcium concentration was measured
in Fura-2AM-loaded human lymphocytes by dual wavelength
spectrofiuorimetry. Resting calcium level appeared to be higher
in Alzheimer cells when compared to control lymphocytes.
After incubating cells in 10~7 M of g-amyloid, the resting cal-
cium concentration of the control cells elevated, while that of
Alzheimer lymphocytes did not differ considerably. © 2002
Elsevier Science Inc. All rights reserved.

KEY WORDS: Alzheimer’s disease, g-Amyloid, Lymphocyte,
Fluorescence, Resting calcium.

INTRODUCTION

Alzheimer’s disease (AD) is characterized histopathologically by
the degeneration of specific populations of neurons and the accu-
mulation of amyloid plaques within affected brain regions. The
major component of the deposits is the S-amyloid peptide (BAP),
a proteolytic fragment derived from the amyloid precursor protein
(APP). Destabilization of neuronal Ca>* homeostasis by BAP is
considered central to the pathogenesis of AD [11].

Abnormalities attributed to AD have been reported not only in
the brain, but also in many peripheral tissues, such as erythrocytes
[15], platelets [17], lymphocytes [7], and other inflammatory ob-
jects [13,16,21] suggesting that this might be a systemic disorder
with the most prominent pathology in the cognitive functions of
the central nervous system [8]. Moreover, BAP, which arises from
alternative processing of the ubiquitously expressed APP [18], is
showed to form depositions in the skin of patients, with this kind
of dementia [19], presumably causing abnormalities in fibroblast
biochemistry. In our previous study [14], we have showed disrup-
tions in intracellular ionic balance, particularly alterations in the
calcium-homeostasis of fibroblasts, which mirror changes, thought

to occur in the central nervous system of neurologically impaired
patients [3]. The authors have found that cells from Alzheimer
patients exhibited lower resting intracellular free calcium levels
([Ca?*];) as compared to the control cultures. Qur previous study
[14] has also pointed out that exposure of fibroblasts to SAP re-
sulted in increased [Ca®*]; of the control cells, but not of AD fi-
broblasts. We have concluded that our test could prove useful in
supporting the diagnosis of (sporadic) AD in patients suspected of
suffering from the disease.

However, because of difficulties certain to be encountered with
culturing fibroblasts harvested from aged individuals, the authors
have investigated in this study whether readily available tissues
such as lymphocytes of AD patients can serve as simple supportive
systems for the diagnosis of AD.

MATERIALS AND METHODS
Patients

Blood samples were obtained after informed consent from
late-onset sporadic AD patients (aged 71 + 8.5 years [mean + SD],
nap = 18) and age-matched controls (aged 66.8 + 10.2, nc = 23).
All participants were outpatients. The diagnosis of AD was made
according to DSM-1V criteria [1]. All AD donors met the DSM-1V
definition of dementia of the Alzheimer’s type, which requires
evidence of cognitive deficits (Criterion A) and a process of de-
cline from previous levels (Criterion C); none of them had history
of familial AD. Control individuals were tested negative for any
forms of dementia.

None of the participants in our study received any medication
known to interfere with calcium metabolism, such as antihyper-
tensive drugs, calcium-antagonists, or antidepressants. None of the
patients was on acetylcholinesterase inhibitor before and during
the measurements. No probands suffered from any hematologic or
inflammatory disorders.

Separation of Lymphocytes

Fresh blood samples were gently layered on Ficoll solution
(9.56 g Ficoll, 20 ml pure iodamide, 130 ml dH,O) and were cen-
trifuged at 1800 rpm for 20 min. Lymphocyte-containing bands
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were rinsed with phosphate-buffered saline (PBS) three times. Cell
concentration was estimated using Biirker’s chamber. Freshly pre-
pared lymphocytes in PBS were used for measurements of [Ca®*];.
Viability of cells was assessed by the method of intravital stain-
ing with Trypan Blue after the incubation of cell suspension in the
presence of the preparation (0.2% Trypan Blue in Hank’s balanced
saline solution, HBSS).

Measurement of the Resting Intracellular Free Calcium Levels

[Ca®*);'s were quantified by fluorescence ratio imaging of the
calcium indicator dye Fura-2AM. Cells were incubated for 30 min
in dark in the presence of 1 uM of the acetoxymethylester form of
Fura-2AM. Lymphocytes loaded with the dye were then washed
twice with PBS solution and were used immediately for measur-
ing [Ca?t};. Images were obtained using a Hitachi F-2000 spec-
trofluorimeter. The ratio of the fluorescence emission of the cells
using two different excitation wavelengths of 340 and 380 nm, at
emission wavelength of 495 nm was applied to determine [Ca?*];.
Absolute values of [Ca?*]; were not calculated, in that in line with
many other papers examining calcium levels [3,11,14}] the authors
found the rate of the fluorescence ratios to be more indicative of
the change of the calcium level than the absolute figures. Total
protein contents of the samples were assessed according to Lowry
et al. [10].

Synthesis and Purification of B-Amyloid (B [1-42]) Peptide

The amyloid peptides were prepared by solid phase methodol-
ogy [20] using Boc-chemistry with an ABI 430A automated pep-
tide synthesizer on para-methylbenzhydrylamine (MBHA)-resin,
using standard protocol. The completeness of acylation was moni-
tored at each stage by the standard ninhydrin test [9]. Final depro-
tection as well as the cleavage of the peptides from the resin were
performed with anhydrous hydrogen fluoride. After the removal of
the hydrogen fluoride, the free peptides were precipitated with di-
ethyl ether, filtered, washed with diethyl ether, and extracted with
95% of TFA, diluted with water, and purified by using a prepara-
tive HPLC system (Shimadzu LC-8A, equipped with Bakbond WP
C4 column, 300 mm x 47 mm, 300 A pore size, 15-20 um parti-
cle size). Peptides were eluted with a solvent system consisting of
(1) 0.1% of aqueous trifluoroacetic acid and (2) 0.1% of trifluo-
roacetic acid in 80% of aqueous acetonitrile in a linear gradient
mode for 30min at 80 mi/min flow. Pure fractions were pooled
and lyophilized. Data of electrospray mass spectrometry (ES-MS,
FinniganMat TSQ 7000 mass spectrometer) were in accordance
with the calculated average molecular masses.

Throughout the study, only the SAP, synthesized by the authors,
was applied on cultures. Freshly prepared aqueous SAP solutions
were aged for 1 h before use. Cells were incubated for 2h in 10~” M
final concentration of SAP. Fura2-AM was given to lymphocytes
for 30 min in the last half-hour of exposition of cells to the amyloid.

Statistical Analyses

Data are given in mean + SD. Student’s s-probe was used for
statistical calculations. All differences demonstrated herewith are
considered significant, with p < 0.05.

RESULTS AND DISCUSSION

Lymphocytes were successfully harvested from both Alzheimer
and control donors. Cells were competent to be labeled with
Fura-2AM at 37°C by passive diffusion during the experiments. To
check that loading of the cells with the dye and intracellular cleav-
age of the ester occurred, we measured the fluorescence excitation
ratios before loading the cells with the dye. Ratios of unlabelled
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TABLE 1

FLUORIMETRIC DATA OF LYMPHOCYTES FROM ALZHEIMER PATIENTS
AND CONTROL INDIVIDUALS

340/380 Fluorescence Number of
Samples excitation ratio (mean 3 SD) cuvettes
Control 1.001 £ 0.117 23
Alzheimer 1131 £ 0.100 18
Control + BAP 1.507 & 0.368 23
Alzheimer + BAP 1.130 + 0.075 18

Comparative fluorimetric measurements on lymphocytes of human
Alzheimer and contro! donors on the 340/380 fluorescence excitation ra-
tios using the Ca2*-indicator dye Fura-2AM. Cells were maintained with
or without S[1-42]AP (BAP) for 2h at 37°C. The fluorescence excitation
ratios were calculated from fluorescence intensities observed at 495 nm us-
ing dual wavelength spectrofluorimetry (excitation wavelengths: 340 and
380nm).

cells observed at 495 nm were 7.68 £ 2.2 (mean + SD), around
10 times lower when compared to the ratio of 79.89 + 10.11
after incubation with the dye; this is characteristic of Fura-2AM
fluorescence. Values of the 340/380 fluorescence excitation ratio
at 495nm emission wavelength, which represents the {Ca®*];,
were computed after each fluorescence measurement. The ra-
tio of fluorescence of the control cells at 340 and 380nm was
1.001 £ 0.117, whereas Alzheimer lymphocytes exhibited a ratio
of 1.131 4 0.100 (Table 1). These data indicate that AD cells
demonstrate increases in the resting free cell calcium when com-
pared to cells of age-matched controls. These results are in line
with the findings of Eckert ct al. [4—6] and Bondy et al. [2].

Measurements of [Ca?*}; with the calcium indicator dye
Fura-2AM in control lymphocytes maintained in the presence of
107" M BAP[1-42] revealed an increase in the 340/380 fluores-
cence excitation ratio (1.507 £ 0.368), the mark of an increase
in free calcium level during the 2-h exposure period. By directly
monitoring [Ca®+); we found that Alzheimer cells, maintained in
the same conditions, showed no significant change in the resting
free cell calcium (fluorescence ratio: 1.130 £ 0.075).

Intravital staining was used to monitor the viability of the cells
after fluorescence imaging. After 5min of incubation with 0.2%
of Trypan Blue, 1.9% of cells absorbed the dye, suggesting that
98.1% of lymphocytes present in the cuvettes were viable during
the procedure.

In order to rule out any possible artifacts caused by gross al-
terations in the cell number/cell mass actually present in the cu-
vettes, the total protein content of the cuvettes was also deter-
mined. Cuvettes with control lymphocytes were found to contain
252.1+11.6 ug protein/cuvette, whereas Alzheimer cells contained
239.9 4 14.0 g protein/cuvette. This difference is not significant
in statistical terms, so we concluded that the total protein content
of Alzheimer and control lymphocytes did not differ considerably.

Lymphocytes of our sporadic AD patients were distinguished
from normal ones in our experiments: AD cells exhibit higher
[Ca’+]; as compared to that of the controls. Exposure of control
lymphocytes to SAP (107 M) can cause a rise in the resting free
cell calcium; Alzheimer cells, however, appeared to be resistant to
BAP (no significant alteration in [Ca?*};). These data indicate that
detectable biochemical alterations are present in fibroblasts [13]
and lymphocytes of AD donors.

According to the previous expetiments of the authors as well as
Muller et al. [12], BAP can cause sustained alterations in cell mem-
brane fluidity. Aggregated SAPs interact with membrane struc-
tures (both protein—-peptide and lipid-peptide interactions), which
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can cause permanent change in the structure of the cell membrane
and in [Ca?*);. These alterations might be the underlying mecha-
nisms behind the resistance of lymphocytes to SAP with respect
to [Ca®t];.

Despite the major pathological findings in the central nervous
system of Alzheimer patients, the present study, as well as pre-
vious ones [7,8,15,17,21] indicate that metabolic deficits occur in
non-neural tissues, too. It is still unknown whether biochemical
alterations seen with some peripheral tissues reflect the very dys-
functions in the brain, or these changes are specifically present
only in the cell-types studied. The next step in our ongoing project
is to prove that the findings demonstrated herewith are also char-
acteristic of neurons. Because a disrupted resting intracellular free
calcium level of either fibroblasts, lymphocytes or neurons can be
attributable to many factors other than SAP, the authors also aim
to find specificity for alterations of [Ca?*]; in AD.
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Abstract

The ubiquitously present -amyloid peptide plays an important role in the pathogenesis of Alzheimer’s disease. Its neurotoxicity has
been blamed on its mal-activity to increase calcium-levels. In the present study, we demonstrate that treatment of fibroblasts with -amyloid
has, in deed, resulted in a transient rise in the calcium-concentration. Chronic exposition of cultures to the peptide, however, caused a
fall in the calcium-level. Apparently, B-amyloid has biphasic effects: acutely, it increases the calcium-concentration of cells; in contrast,
on the long-run, B-amyloid peptide acts as a calcium-antagonist. Therefore, the idea that -amyloid peptide leads to neural degeneration
solely by increasing cells’ calcium concentration must be replaced with a more complex view of its dual function in intracellular ionic

homeostasis.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Imtroduction

Senile plaques and neurofibrillary tangles comprise
the major neuropathological lesions of Alzheimer’s dis-
ease (AD). The plaques contain extracellular deposits of
B-amyloid protein (BAP), which form abundant amyloid
fibrils (7-10nm) intermixed with amorphous aggregates
of the peptide. Deposits are composed of BAP, the 42
amino-acid residue form of its precursor peptide. BAP is
considered to play a key role in the pathophysiolgy of AD.
Accumulation of BAP initiates inflammatory (Benveniste
et al., 2001; Rogers and Lue, 2001; LaDu et al., 2001),
oxidative (Bisaglia et al., 2002) and neurotoxic cascades.
Progressive neuritic injury results in disruption of neural
metabolic and ionic homeostasis. Destabilization of Ca’*
homeostasis in neurons plays a central role in neurodegen-
eration (Mattson et al., 1993).

The ubiquitously present neurotoxic BAP and its shorter
fragments are deposited not only in certain regions of the
brain, but also in several peripheral tissues. Apart from
the central nervous system, abnormalities attributed to AD

* Corresponding author. Tel.: +36-30-255-6225.
E-mail address: palotas@nepsy.szote.u-szeged.hu (A. Palotas).

have been reported in many cell types such as erythrocytes
(Perry et al., 1982), endothelial cells (Pékaski et al., 2002),
lymphocytes (Eckert et al., 1998), and platelets (Sevush
et al., 1998). Moreover, BAP, which arises from alternative
processing of the ubiquitously expressed APP, is showed
to form depositions in skin of patients with this kind of
dementia (Soininen et al., 1992). This may imply that BAP
causes abnormalities in intracellular biochemical path-
ways of peripheral cells. A large number of studies have
showed various alterations in fibroblasts, e.g. disturbances
of Cat-uptake (Peterson et al., 1985), glucose metabolism
(Sims et al., 1985) and other biochemical changes Paoletti
and Tombaccini, 1998; Li and Kaminskas, 1985). Taken
together, these observations may suggest that AD might be
a systemic disorder with the most prominent pathology in
the cognitive functions of the central nervous system.

In our previous studies, we have showed disruptions in in-
tracellular ionic balance, particularly alterations in the basal
intracellular calcium concentration [Ca®*]; of cells of var-
ious peripheral tissues associated with AD, which mirror
changes thought to occur in the central nervous system of
neurologically impaired patients (Connolly, 1998). Also, we
have previously pointed out that [Ca?*]; of fibroblasts de-
rived from AD patients is decreased when compared to that

0197-0186/03/$ — see front matter © 2003 Elsevier Science Ltd. All rights reserved.

PII: S0197-0186(02)00188-2


http://www.elsevier.com/locate/neuint
mailto:palotas@nepsy.szote.u-szeged.hu

544 A. Palotds et al./Neurochemistry International 42 (2003) 543-547

seen with age-matched controls Palotis et al., 2001). Resting
calcium levels of Alzheimer lymphocytes, however, showed
to be significantly higher than that of the controls (Palotis
et al., 2002). Both Alzheimer lymphocytes and fibroblasts
have proved to be resistant to BAP in our experiments.

In the present study, we demonstrate that treatment of
fibroblasts with B-amyloid has, in deed, resulted in a tran-
sient rise in the calcium-concentration. Chronic exposition
of cultures to the peptide, however, caused a fall in the
calcium-level. Apparently, B-amyloid has a time-dependent
dual effect: acutely, it increases the calcium-concentration
of cells; in contrast, on the long-run, B-amyloid peptide acts
as a calcium-antagonist. Therefore, the idea that B-amyloid
peptide leads to neural degeneration solely by increasing
cells’ calcium concentration must be replaced with a more
complex view of its dual function in intracellular ionic
homeostasis.

2. Experimental procedures
2.1. Patients

Forearm excision biopsy was obtained after informed
consent from a participant who was tested negative for any
mental disorders or any forms of dementia, and was not
institutionalized. The donor received no medication known
to interfere with calcium metabolism, including calcium-
antagonists, antihypertensive drugs, and antidepressants.
The vlounteer had a negative family history of psychiatric
diseases.

2.2, Culturing

2.2.1. Fibroblast culture methods

For outgrowth of fibroblasts, small pieces of skin material
were placed in cell culture flasks (25 cm?) and grown for 3-5
weeks in Dulbecco’s modified Eagle’s medium (DMEM)
containing 5% of heat inactivated fetal calf serum (FCS) as
well as penicillin (100 U/ml), streptomycin (100 j.g/ml) and
2 mM glutamate in a humidified atmosphere of 95% air and
5% of CO». Cells were detached for serial passaging using
0.01% of trypsin and 0.02% of EDTA. After trypsinization,
cells were used to seed on glass coverslips in a 24-multiwell
plate in DMEM containing 5% of FCS. Cultures maintained
in this way were generally confluent by day 9. All fibroblasts
had a characteristic spindle-shaped appearance and were at-
tached firmly to the coverslips. The seeding-and-passaging
cycle was repeated throughout the study.

2.2.2. Viability

Viability of cells was estimated by the method of in-
travital staining with Trypan Blue after the incubation of
cell suspension in the presence of the preparation (0.2%
Trypan Blue in Hank’s balanced saline solution, HBSS).

After 5min, 1.5% of cells absorbed the dye. In line with
this finding, we concluded that 98.5% of cells were viable.

2.2.3. Treatment

Cells were cultured in the presence of 10~7 M of BAP.
The authors used this molarity during the experiments in that
the concentration of BAP in the serum of Alzheimer patients
is 10~7 M. Control cultures were free of any treatment.

2.3. Measurement of intracellular free calcium levels

[Ca?*]; were quantified by fluorescence ratio imaging of
the calcium indicator dye Fura-2AM. Cells were incubated
for 30 min in the presence of 1 uM of the acetoxymethylester
form of Fura-2AM. Cultures loaded with the dye were then
washed twice with PBS solution and were used immediately
for measuring the fluorescence intensities. Images were ob-
tained using a Hitachi F-2000 spectrofluorimeter. The ratio
of the fluorescence emission of the cultures using two differ-
ent excitation wavelengths of 340 and 380 nm, at emission
wavelength of 495nm was applied to determine [Ca2t);.
In line with many other papers examining calcium levels
(Connolly, 1998; Palotis et al., 2001, 2002; Laskay et al.,
1997), the authors found the rate of the fluorescence ratios
excellent for monitoring alteration of [Ca%*];, without cal-
culating actual [Ca2*];.

To monitor that labeling of the cells with the dye and intra-
cellular cleavage of the ester occurred, we sampled the flu-
orescence excitation ratios before loading the cultures with
the dye. Ratios of unlabeled cells observed at 495 nin were
10.67 £ 3.26, around three-times lower when compared to
the ratio of 35.43 £ 8.03 after incubation with the dye; this
is characteristic of Fura-2AM fluorescence.

No significant alteration was detectable among labeled
cultures in Fura-2AM fluorescence using the calcium-
insensitive excitation wavelength of 367 nm, indicating that
the observed response reflects a real change in the calcium-
level of the cells.

Because gross alterations in the cell number per cell mass
actually present in the cuvettes may interfere with the fluo-
rescence intensities, the total protein content of the cuvettes
was determined according to Lowry et al. (1951). Cuvettes
were found to contain 241.6 & 12.9 ug protein per cuvette,
with no cuvette significantly deviating from the mean; this
suggests that the total protein content of the cultures exam-
ined did not differ considerably.

2.4. Synthesis and purification of B-amyloid(1-42)
peptide (PAP)

Solid phase protein synthesis was used for the preparaion
of BAP (Stewart and Young, 1984). Peptides were puri-
fied by a Shimadzu LC-8A preparative HPLC system. Pure
BAP’s were dissolved in phosphate-buffered saline (PBS)
and were incubated for an hour to “age” before direct use
in the cultures.



A. Palotds et al./Neurochemistry International 42 (2003) 543-547 545

Table 1
The 340/380 fluorescence excitation ratios of fibroblast cultures

Resting level 8h ~Half-week ~16 weeks ~27 weeks ~37 weeks
BAP 2479 £ 0.221 2.691 + 0.121 2.798 + 0.101 2.802 £ 0.157 2.164 £ 0.199 2,165 = 0.176
Control 2.479 + 0.221 2483 * 0.107 2.475 £ 0.200 2,489 £ 0.113 2,469 £ 0.132 2.489 £ 0.206

Comparative fluorimetric studies on human fibroblasts on the 340/380 fluorescence excitation ratios using the Ca?*-indicator dye Fura-2AM. The cells
were cultured with B-amyloid(1-42) peptide (BAP) for 23 weeks at 37 °C. The fluorescence excitation ratios were calculated from fluorescence intensities

observed at 495 nm using excitation wavelengths of 340 and 380 nm.

2.5. Data analysis

Values are given as arithmetic mean + standard deviation.
All differences stated in the text are statistically significant
(student’s t-tests, P < 0.05).

3. Results and discussion

Short-term (8 h) exposure of cultures to BAP resulted in
elevation of the fluorescence ratio (FL: 2.6911-0.121), which
is an indicative of the increase in the [Ca?*]; (Table 1). This
finding is in line with previous reports, demonstrating that
a sustained rise in the basal calcium level is one of the un-
derlying pathomechanisms of neural degeneration (Palotis
et al., 2001, 2002; Laskay et al., 1997).

In our long-term study, the BAP-induced increase in the
[Ca?*]; peaked on the 4th day of exposure to the peptide

« = Fibroblast with RAP

(FL: 2.798 & 0.101), and turned into a plateau for around
16 weeks (Fig. 1). After the approximately 4 months’ time
the calcium-level of the cells gradually started to decrease.
Within 11 weeks, the [Ca?*]; became significantly lower
in the cultures studied (FL: 2.164 + 0.199) when compared
to that of the resting levels seen with cultures before or
without exposure to BAP (FL: 2.479 + 0.221) (Table 1).
The decreased calcium-level appeared to be constant for 10
weeks.

During the experiments, the treated and control cell pop-
ulations were cultured in media of identical composition
except for the presence or absence of the B-amyloid pep-
tide. Therefore, it is reasonable to conclude that the ob-
served difference in the 340/380 fluorescence excitation ra-
tio of Fura-2AM-loaded cells is only associated with the
presence or absence of B-amyloid peptide, and hence can
be regarded as an effect induced by the B-amyloid peptide
itself.
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Fig. 1. Time-course of the calcium-leve} of human fibroblasts during chronic BAP treatment. Short-term exposition of fibroblast cultures to BAP results
in an increased [Ca2*];. The rise in the calcium-level peaks after an approximately half-a-week treatment with the peptide. The flow-chart demonstrates
that the incessant elevation of [Ca?*]; turns into a fall at around the 16th week of exposition to BAP, and yields a sustained decrease in the [Ca?*];.
Calcium-level of control cultures with no BAP treatment appeared to be unchanged during the experiment.



546 A. Palotds et al./Neurochemistry International 42 (2003) 543-547

Cells in our study have responded to B-amyloid treat-
ment in a time-dependant manner. Consistent with previous
findings (Palotas et al., 2001, 2002; Laskay et al., 1997),
[Ca?t); is increased as a result of BAP; this, however,
seems to be only a short-term effect of the peptide. Piling
evidence suggests that BAP interacts with cell membrane
structures, including ion channels, and also causes changes
in membrane fluidity (Muller et al., 1995). Exposure to
BAP elicits sustained activation of Ca?*-permeable recep-
tor channels, which results in a pathological enhancement
of inward Ca2t currents and a subsequent increase in the
[Ca2t); (Harkany et al., 2000; Mattson, 1997; Mogensen
et al,, 1998; Stix and Reiser, 1998). Elevation of [Ca®*};
may further progress through the activation of second
messengers (e.g. IP3) that mobilize intracellular calcium
ions resulting in Ca®*-release from its intracellular stores
(Cowburn et al., 1995; Kimura and Shubert, 1993 Ishikawa
et al., 1998). We hypothesize that the acute rise in [Ca®*];
is attributable to these interactions of BAP.

On the other hand, chronic exposition of cells to BAP
apparently decreases [Ca?t];. This observation is a real
novum, and the pathomechanism behind this finding re-
mains unknown. Falling of the calcium-level may indicate
that BAP causes a total ionic imbalance. We speculate that
[Ca?t]; may reach pathological concentrations which ex-
hausts the buffering capacity of intracellular Ca2+pools,
particularly that of the mitochondria and endoplasmic
reticulum, and triggers Ca2*-mediated Ca?*-release from
intracellular stores (Pascale and Etcheberrygaray, 1999). At
later stages, damage to the mitochondria results in the en-
hanced production of free radicals, and in the translocation
of “death factors” involved in apoptotic cell death into the
cytosol. Due to this process, and also to their direct chronic
interaction with BAP, calcium channels may become hy-
peractive, causing an incessant outward calcium flow. This
can not be controlled by the cells’ internal buffer systems
on the long term, yielding a sustained decrease in the
[Ca?t);. Accordingly, chronic fall in [Ca2*];, along with
the accumulation of apoptotic factors, predisposes cells to
self-degeneration (Pascale and Etcheberrygaray, 1999). As
a result, derange of the intracellular calcium homeostasis
ensues, and cells ultimately succumb to the chronic ionic
imbalance. Taken together, we conclude that the neuro-
toxicity of BAP is due to its dual effect, but mainly to its
long-term calcium-antagonistic activity.
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GSSZEFOGLALAS
o Alsheimer-ktecs betegak ogy résadrdd mage
nyllvinulé viselkedési zavarck kezelésére an-
Hpszhichotikumel alkalmazdsdrs van soiikséy,
Kevés intormiicidval rendelbestink asonban arrs
mn&aa&hg higy & meurnleptibum-keselés mi-
Eént hat & demencin lefolpdsdn, Mivel & kv ki-
alakulisdéer felelfawk tartolt B-amyloid peptid
swjtcdrosité, jom-hdztartist felborith hatésa fib-
soblaastokon s Kimutathatt, arm  kerestink
munkisk sorin vlase, hogy a gyakean hasendit
atipuses antipseichotikum, a rsperidon, ngm
pefolydsolin & kinnyen tenvéscthetd sadvetek,
gy mind & fibmblassiok kalchun-egyensilydt.
Fluprimeirids modsaernd  taolminyosiok e
Alehwimueres o5 Bontrodl fbrablasztol: jonikus hoe
meosztizisit; valaming B-smylaid peptidre, et
i pisperidonss adett valaszat. Az Alzheimerkd-
yoa betegekbl searmazd Abroblasziok intraceliu-
lirls mypugalon seabad kalclom seinfjei alacso-
mysbbak vollak a bkonteoliokhor viszanyiiva,
Kontroll fibroblasztok emelkedett kalcium-szint-
wed vilaszoltak 3 framyloid hatisira, mig az Alz-
belirares tenyiszelek arnidbon ex a willlozds o
maradt. Risperiden hatisirs weorben a famylo-
;ﬂ-pe:ptld lmkimn-mnm eme)d hatisa nem valk
. & Geammiploid peptid kirosan meg-
emeli  fibroblasziok kalcium ssintiét; risperidan
it wifre hatthonyan antagonizdlla & peptid exen
ajtedroaith hatizit.
JGACSSTAVAK: Aleheimer-kie - Bamyloid peptid -
ﬁbrri:lmt fhunresrcencia — risperidon

# mmmmmwm

ulmammmm {
Antipayehotics are widely uzed in the mamge-s
ment of behaviomi and psychiatise sympioms of
Alzheimer's dissase; however, little infoemation
Is available on the effet of these drugs on the
o f dementis. The neurshodc B'mny*
laid peptide, the causative agent in Alzheimer's
disease, jeads to Jonic imbalance in both nenrons
and floblasts. Therefore, the purpase of
shudy wis to monitor the impact of the frel
quently prescribed antipgaychotic, dspezidone, ont
the calelum homeostasis of readily mllnbh tes
suws, such as fibroblasts. Caletum levels of prima-

e Abroblast cultures harvested from Alsheiter

patients and age-matched controls wen measur
ed utilizing Aupeimetric suidies after teatment

- with framyloid peplide snd/or risperidons. Tni

raceilular basal calcium concenteation of Aldhel-
mer fibroblasts was lower when compared i
thist of controds. Bramyloid peptide caused an ind
crease in the caleim Savel of conmol ul mmf

“only, leaving the ionic homepstasis d&lﬂmrg

cells intact. Co-adeinistering P-amyloid pepide
wiith risperidens did not change e calciugm con-
cemtration considesably. f-amylokd peptide vle
wates calclium concenteation of fbrobleits to e
feveds. Administration of dsperidone mffsrnmﬂy
mmutm framyloid-induced evistexicity i ou-

mm Alzheimer's disease — famyloid pep-

!ﬁe fibrobilast - flnorescence - risperidone {

Rty ivesteroraie oy . SRS AR A

BEVEZETES

Az Alshemuwr-kichan (AL bebbvetkezd neuro-
paiholdgial ohiltonisokint valbsxindley 2 §-
amyioid peptid (BAF) felsbis. Bz a newrotoxikus
dgens (0bbek kietit az idegsejick omikus hoae-
dntizu&ukﬁhniﬁiﬂﬂ[, azon balil is ifleg e
intracelluldzis Ca®“-szint emelédvel ckorhists

euronok degenerdcidiét (1)

Newrapsychopharmacologla Hunganics 2000, W3, 138-142

Ez a bickémiai dvﬁmms nemcsak Az idegseyr
tekber, hanem mis srivetben 5 kit
LT Aﬂ‘-balegek!gmplmﬂﬁiéﬂﬂ:mbmnjm
felborult kalcium-egyensilyt matatnak — feliehe

tileg & keintkus PAP-expozicid kivetkezbiben

(2.3) Egyre tobb adat jebzi, hogy az AD egy szisz-
tEmis megbetegedis, mely ndesan a kaz
wmﬂuw&uﬁwum

13%



mmmm&muﬁmmummﬁmn OKOZTA,..

.ﬁmtune]: glintisy viesét olsals
Yasd#sl anynrels aikotiil. A hnhgnh tishls skt be-
6n8l figyelhots mey dlelichumy, agbts-
ﬂﬁ. i‘blﬁ mﬂyﬂk k‘iml&hﬂn ‘ mﬂﬂ:mm ami'
~ izl ferlioth dielis ﬂm!bana mugm o

:'Immln nﬂ‘pum swmk’incl, 1: figp ; H—

a5 l:ﬁ mnulméuyuk i
R R hw sakixibéiishan szenveds bete-
: gek ‘esebdhan &% AlFhiimoriosr edifordulisi gvn-
kocisiga alsesony. (7): Bk Fettéialciliotion g
- fokd mgymm s Fohet it g 6D [
utsl] fires; hingy dea wisilkaddst ravarokban alind
T mumlwﬁhmnhuk l:unmﬁhztd {813,
Ax epidentolbgial theglipyadée vismont. #ddig
W p Lty ] kn&wﬂmhmmru&d.
Rlatibevelinh 16 cofnidnt me AL & kantrotl
. pypbrekhil sehrmie Gbrolibissioket viemgittuk;
PR hmﬁkn vﬂ!am hngy i befaiyRscga
s AR Rital i " nireoelluliids nyugnh:d
*wnbad Al Keinewrtedzigt ([CAZTY gy e
s potencidld. aipuses. sntipszichwiliann, a ris-
'peﬂdm Mynidink soe: b
anyozink, hogy o Ahoblasbilons taildlikaid tin-
frivind elvElinraekae — milyek kel s ndirg-
riokiven; boonibluan Inirt degenéiciss folyamatolkat
az. mMzm;mpmtjm ﬂéj &hngyan -
- Eplydsalia i apiridin

. ANVAGOK ES ménazenﬁn

Az ikl ﬁnggdél:y megszorzds Kainttan isdi
gtp’um sporidikus - AD. betesek  (dletkonik:
- ZAET00T v, whetgiim: Hamﬂhi' ] knrﬁmﬂma
- i wembrolsk Itkamh 1280y W)
bl lSgrins beleegyends ubis bitdiopueitt njer
- inklAE AT Kintkat disgmbeina &5:a ir.nnhu!inl:
barmiliin ;- tpiel  desemicisitnak " kizdntss " d
. BN@-W 86 DS IV - i ppliinnole saoring - Wrtdng
Ch3y. Milside dnmequ&hmubeun&uﬂamn-
bialins nddon végmﬁk, 5 ngy;kﬁm (Lo kT
: solbdaty sermiidip (Al tirs
betégsdr ieden)ite A niin BbivtSuni tesek
seodsmays Bmindiet coportesetdbin a osmd]
mr,mm:ntnn‘bﬁﬂl weilink

: mmmmm

A tun‘pis:'aatﬂat nerk Faiidirabidiat 55 hite
Difbecte’s modiild Bagle's ikt (DAEN)-
oldatbe Aelyrziik, mely. 5% letnd: cull ioaniog
T RcEy pmmﬂmt OO ULy, smtmnymt (100
- ugfmL) &5 ghatnmidol {2odM) B ittt A
fkreblnvatikat F%-gi CGz slietr nbvesEietior.
A praseatis L5 trupsint + O02%-08 BUTA
targalinaid oldantal. wnm. Az ek tripasini.

“H fositiel allce
& fibrelbintok {8 w:ﬁn ﬂ'ulas Tt llmtut

W fedSlamnexik felvie lﬁmylm!gét & feﬂﬁ-
. el | ELThakA mnyﬁ:uh:k Gsir-feluitie ti-
“Indriist J,.mvw mﬁdxza&re’l hni.imtuk meg! ﬁ@},_

‘ilg 4w Abdbsirnaresele 139; VR b feimics
“lagg lbnyiggel
_.;m%mnk. ‘hingy.ak:

“whil {Eyemsten ey tiet ¢l B wzk jedenits, Hegy &
‘Ruoreszemcisl Ertheit 4 sejusieball kilbnksé:

:_;smeﬁ BAP-lowwoen

il ubdin @ muyaaer&& MW :
vibbl felhimsanalisig ~130°C-on" iﬂmﬂ:ﬂ; Klo]»
waxytfs uthe & Ghenbiaaxiokal fedSlemezehot he

. I?ﬂlﬁh fis-B%-on FCSE tavinhmnzs DMEMBcn

aerAbO U sl
A Bk wihi ik i MERSGIY kA 4

yoszerak 8] Tfrypnn-kikmimvii&-.
otk ekt Toraneis i

julwi, hogy o 'fedSleineniken : - Aot sngmlc

_‘Hﬁ-avﬂ:éiumpm

aflilmaztak. Esa kulﬁnlﬁnég statizztikai-
bl fﬁf 4rra wwmmmw
urelek. fahbieturiol-

g news befolydealbiaiik. Ambrii crdnsnyiel

“Rohi hbven Hikriite s Leseldsal haldsalt,

n;ﬁ*ﬁm

“AE ECa"*H fhinresetetis modsresrel hatnetuk.

mig Hiiechs B2000 spekirofluorimileriel A'st) .

2 [Ca¥ Tidn ardoryos o 525 sio-en tudr, 340
380" mimeealked |
-dogdvnl, A e

pajaszleds- Hoorosorencidle hings
jioeteliol kaliim-SEsitsy Fisro-

ZAM sildnitnd (1p0A) Inktibalinle F8). dokn &1,

jz;u F!W!i’ hbuitet&! sallne: (FBB) mms nﬂn

.:’.iﬂeivzn ﬂspulﬂm hstsadt vizsg&lfuﬁ s
peptiiiel dafvngy Formakoninal dnkubitivuk & sef-
- fukent ¥6-Gek keredgtol, miokd wz Goksd 30 pm-
. madmkamﬂuﬂmﬁkmm&k&m

TZAM, fEstkiety €2t Tibveifen ‘ZHPRY Hivasdy (il

Paiscmlatppen dv&yﬂs&a -deboelgt, A eyt
313z Adsheimeres tete-

gk sabitiiben Adlblats PAP-ariritiek meglcle

186 N VAlasitotinic. Rlsherideit o ke
“fedfigids muimjevel megegyes]. .hmmﬁrﬁnﬁ-

‘hanal

Ag ‘a’gr'gl«hmmm salieiiazh thikbel

-t mnfasket vépestink (AD42, ag=16)

mwmmﬁmm

f-Pﬂtﬂﬂhﬂ&?MﬁMﬁ!&ﬂhEﬂ“ﬁHﬂ)

Enluzl Iﬁlﬁnl u W

Heuropsyehogharmasotogia Hungarica 2000, ; 195-142 1



EREDETIHOZEtIENY

mwwm

A deprotkiilis & u grantissl vils lovilaseis -
Merogén-Auorididal Brtént: Bzt ldiwetSerta fywrs
yager HPEEA tscittistinik {Shlmadzu ECBA,
i W Ol mﬂuyﬁkhh%ﬂ-mmﬁ‘-

: _'mms Siindrd, 15:90 pm partindam mem. A
Sesti AP fukesdiait by

tiﬁp&ﬁdﬁm Kecvakndélonl dton, sperentik be”

Risperdal™: Jungsen Cilag, iﬁﬂn&:&, Raf. o

&!3!-341}. A Iﬁm&kmt ‘s melldkelt steril, mmwﬁ-j’ :
: nilEsys szankeldaiban spolubillsliuk, -

& i«mmmm allentorirtuk o tenydiicilen 50
g1 Kincentrdcliban, mely megfelel ¥ s2er (ol
o '}liﬁ"&ﬂﬁ-’—“'}-
: ﬂ!ﬂcﬁhfsﬁmﬁsﬂk

Mmm mdmmych “Slagiricizsomdand, dar
E TRer

i PNyl Sk Stitisziflnl -

g saamtﬁmamb (o wiigshkaiets
pﬂﬂ&%ﬁhﬂhﬁﬂksﬁmwﬂm&h
EREDHENYEK, KOVETKEZTETESEK
Alzhelmer-liros &s: I8 ol esy&ul: b,

diibia) - nmﬁﬁ fibreklusziokst - iheresey
f, 85 kipkrlbe-

Itk Rdgieneikoe -ty Exeter
m&lsm aﬂ:ahnmb Pura2AM festélm): vigzelt

Eikriied 5 0™k 2AE162 vl Basel aoeabest.

nzAﬂaﬁmﬂﬂM)m@aau&ﬁﬁmgﬂﬁr :
kfirankbian atasonvabl (Pl 205240007, Tl
&inmuhhnk,hmwumuﬂﬁ' .

Ercdinénysink
Bhireblaaziol [Eﬁ

. Iint 0 AR

“scjtek 1, ity Ha.anm eltirdgaket cankLmny. .
ygalndd Jailifany £Zirbe GLSLE Peternom fa mitisd .-

AD Gheiblssstaken (BT, Meboul & (AP -lodpes

‘ThepvalnEzntnl & nelmihiok Ratkis ahyagrIsensl
o RSehint Sai aimalendvel {17 vzl o poptidde) -

kil neffjinket, Hogy megviugﬁljnk okl
© henysépiilot ws amy; ;nklm ‘vnalkodos
Theitiiat delly, 10 M-ox sinyiold kexelds hnﬁ-
s kmtrol!i géjtekbn slrt Flsg)jva &z .
. h&nm; ﬁ A(F&iﬁw SBEHD B3}, mdy LA
W % “‘W‘-‘*’
(Aot B bisehangban &l ag. Frodald adatoke
ek, mifpele m AR |Ca' yiutSak huanpsti-

lyuzzikmml:m tikwinmhmmuna

[ 5 su]ﬁni‘.j
’1.1a, mmﬂmﬁ eltfedsckit e riaketolt

gv . (FLajiyis: Z0SBO.T08), - R

. ax AL Hbnoklis
- Dtk peldEul s’ gﬂi&:ﬁz-mmﬂmm i Enle-

hﬂdimh el
e ~lntiiaden ‘Endignbivokasik-a:kaloom iwﬁw Kb

P A il
ki) t-pisibs ‘abaimantunk. . A . yiltezisolat-
- o] hng\!ﬁ!ﬂﬁl@nﬂ! fulbortifisgval
i (CAP ok e

- ﬁdﬂ e akamnt snm (. lmmrqli I.'I'E;mam

; mthmﬂﬂmm‘mu;: . Mm : ‘ PR, - LI pRSEON
(PLaoryiy - EOSER0ATE) 8 el :

an (PLatyrsg), ovely repreniativen

- whigey- a2 [
-'j_;hﬁahﬂ-ﬁlt Sotbnriis Rabisdt T kivedi FMlmbtats-

ok vigrett Kdsérlabetnk mwj&m&-w # Tikpet
- don - cliotnuedlog PAPwa. s&mm eq‘l*uidﬁ -
. fisal e eritieszik, -

o Hisprioh €0 =
- vk sl wen, hﬂgym hfb!yﬁmﬂlu iy Shee &

o Haroblabite 'm ‘illatois panik mmmwmmmm

;umummMmmmmemmmnum

sl atatnkiol Brszeveive haboeiciit (s
- tnk fel, Eddlg Iﬁ!hﬁm& s ezt fanuieltiik, hogy

fbisaligimial eltdndoak | iaHL

uefilveel wavaeai (18, 30-21). Nmmlwnwgv
ety mitirdsek: fovibbi azt bixanyiijek, Bar

ks 05 Yotk ibakni indulimes a

et belesia Yol {23.23) & Kiseh pogrftt katiom

sink tint biepant migoillagos hinvive, siiove
it towdbb ot s s ldcho koateiled-

"8k mr-ii}. u&ﬂrel iy mw;mm pulerrend-

artank Baeel b

“dales mnhnﬂgyﬁm imeiduink; fel, ey o
it pusstulisdhor vesithet £18). Valemnytink

Zovint 26, @ folyamn mehst véghe Aluheiseres

- Ertulinsbiai A “"nyugahm _
filirch-

5.3 Lﬁb«ﬂmﬂnm&
mhényink -
[Cn, ']1 émi!mk alaplin o AT e

485k @ kesstroll sojeakis],

.'-Bus.i‘lz‘ﬁ vt EIAF Kexalinre & nigny deroeny

iaaklsfll nkerinzd Deydnsotel Cit® Hink umsikaa

dimel vélnsaolink; a2 smyleid. bt & S bekiml»

js
TR mﬁm kg
wMﬁmhnnm mﬂmﬂﬁnﬂ&
toblasatak .okt BAP vilagsn o kednikie

- atorplotd hatis isveikeys e kialakuld deszana:

Claddy mian fn Wk, ﬂwmmwmiﬂﬂﬂrs

h!peﬂ. A fnmalﬁnn vimllwdﬁsi ﬁ\'uﬂwﬂ tﬁm}:

’i"“W‘ i "j'l"i'é‘II!!-‘"-'is
A eben ummmmumegﬁwmmn

mmn ‘mbntakhas vidennylrvs Il Wbz, Bz

axt jtl!nii- & pavitisn newtik’ bliien-
!%ﬁ vanatkozdan, dé o AP {on-

Trodabmi sduiok addl nvig: nen axdoislt be
52 ket kel vala-

mh

MTM n&;ﬁrﬂ» um' i"nik\l £ ﬂspnfidm'rﬁl. %o

B [m!
- captorol dopamin & egyeh ammlk {kinit e

- hogy. ¢ Mnkdolisfvel o
|-saiibel smuﬂza[j&h valhralng & Df/ Do



EREDETI KOZLEMENY

seepuzitiaficitit vAIAK ki (27), feltehetdley tartis
fal'—xgyemﬁlyt hozva igy Yitve, Dopamdin-recep-

bor antagoristaked] tovilbi kimutatidk, hogy ~
éppugy. mint a7 antioxidiseok - a BAP neuroto-
sibus Batisdl kivédik (238). Esen adatok alapiin
feipdtelezaik. hogy o risperidon maunidnk sordn
daplelt seitvisdd tulafdonsigs tehit o De-hatisbal
srdrerashad.

A kit extengly kutatise alapiin, mely mind o
kiiponti Idegrendsaerre, mind 4 periftrifra ird-
nyul, egyre tibb adat timasatia ald, hogy iz AD
seisatémis meghelegedés, mely demenci kipd-
by manifesstiladik (#), Exen meglfigyelések nyi-
otk i o edld sdvot ahhor, bogy ag AD bio-
kfmdad slvdliozdsait a penfécids sadvetek tanul
snyonisdval viespilhessk [29-33), Az Alshei-
mer-kiros beiegek ssetében 8 kﬁcpm jdcg:mr.l'
sgoren kdvitl daelelh blokénmial shidnieek
Kinsetben Hikriik az sgyban Sszlethett é:kiam
sokent (33-34); vaek kinnplet! patomechanixmusda
midg A il g s ismeretien. & fibroblasstok-
by dszlelt slvibhoeisokal modellként hussondlen
{3336} azemban felnitelesherd, hogy a risperidon-
kezelis sordn & periidriin dulelt protekiiv folya-
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et Asnenniyiben e o megiliapitis o késtiki-
ekben bizomyfiékot nyer, a risperidon - vagy ha-
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Abstract

The neurotoxic 3-amyloid peptide of Alzheimer’s disease is formed from the amyloid precursor protein (APP), which is a member of an
evolutionarily highly conserved gene family with significant functional importance. Because behavioral and psychiatric symptoms treated
with antipsychotics may influence the course of the disease, we have investigated traditional and atypical antipsychotic drugs, administered
through the intraperitoneal route, for their effects on rat cortical APP. Western-immunoblotting was utilized for semi-quantitative evaluation
of APP levels. Treatment with haloperidol resulted in an acute elevation of cortical APP both in therapeutic and toxic doses, however, it had
no significant chronic impact on APP. Atypical antipsychotic risperidone did not change cortical APP concentration. These results indicate
that both haloperidol and risperidone are considered to be relatively safe with respect to APP metabolism. Possible mechanisms, including

involvement of calcium and APP itself as a receptor, are discussed.
© 2003 Elsevier Inc. All rights reserved.

Keywords: Amyloid precursor protein; Antipsychotic; Calcium; Haloperidol; Receptor; Risperidone

1. Introduction

The amyloid precursor protein (APP) is a large, ubiqui-
tously expressed, membrane spanning glycoprotein which
is endoproteolytically processed to a 4-kDa, 39-43 amino
acid residue, called the B-amyloid peptide (BAP), that is the
major component of senile plaques in Alzheimer’s disease
(AD) [44].

The major or normal route of APP processing is via the
a-secretase pathway, which is incompatible with the for-
mation of BAP. This non-amyloidogenic metabolism yields
neuroprotective, soluble form of APP (sAPPa) [20]. The
amyloidogenic pathway is an alternative of APP processing,
involving cleavage of the precursor by (- and <y-secretases
[23]; as a result, neurotoxic BAP is produced.

The strong structural conservation within the superfamily
and ubiquitous expression within the body indicate an im-
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portant function for APP and APP-like proteins [15]. They
play a role in the regulation of neurite growth, intracel-
lular calcium levels, cytokine release, promotion of neu-
ronal survival, and cell adhesion in neuronal cells [31]. It
has also been proposed that APP is a cell-surface recep-
tor [27]. However, a specific soluble ligand that binds to
surface-inserted APP with receptor-like kinetics has not been
identified. Potential support for a receptor-like function of
APP is the observation that the precursor can associate with
the GTP-binding protein G, via a motif in the APP cyto-
plasmic domain [36].

Just as APP is essential for the organism’s survival,
disturbance of its regulation appears to participate in this
astounding human disease, AD, by yielding freely floating
BAP. During the course of the disorder, AD patients may
develop behavioral and psychiatric symptoms of demen-
tia (BPSD) that require antipsychotic medication. Recent
reports demonstrate that AD pathology is infrequent in
patients with schizophrenia (SCH) [2,12], and it has been
proposed that antipsychotic medications used to treat SCH
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might actually have a protective effect against developing
AD neuropathology.

Traditional antipsychotic haloperidol (HAL) is dopamine-2
(D) and sigma-1 (o) receptor antagonist with apoptotic
activity [5,22,47]. HAL is involved in neurotoxicity, causing
clinically troublesome adverse events such as extrapyrami-
dal and cardiac side-effects [3]. HAL was also demonstrated
to efficiently inhibit BAP formation from APP in vitro [25].
The mechanism by which it might exert such an effect is not
known. On the other hand, atypical antipsychotic risperi-
done (RISP) is a high potential D,, serotonine (5-HT,) and
noradrenergic (NA) antagonist with less adverse effects
then conventional antipsychotics. RISP has no known effect
on AD pathology, including APP metabolism.

In light of evidence that HAL—one of the most frequently
prescribed antipsychotic medications used in the treatment
of SCH [7]—interferes with APP processing, we evaluated
HAL for its effects on APP metabolism in vivo; we have
also examined RISP in this regard.
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Fig. 1. APP immunoblots. Quantification of immunoblot analysis by densitometry delineates (A) a marked increase after acute haloperidol treatment.
(B-D) Chronic haloperidol, and acute or chronic risperidone treatments, respectively, reveal no significant changes either in therapeutic (Th) or toxic
(Tx) doses when compared to that seen with controls (C).
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2. Materials and methods
2.1. Animals

Male, Sprague-Dawley rats weighing 200-250 g were
maintained under standard laboratory conditions. With re-
spect to haloperidol (Haloperidol®; Gedeon Richter Ltd.,
Hungary), groups of six rats were injected i.p. on a daily
basis with therapeutic (0.05mg/kg) or toxic (0.5 mg/kg)
doses dissolved in saline [10,18]. In case of risperidone
(Risperdal®; Janssen-Cilag, division of Johnson & Johnson
Ltd., Hungary), therapeutic (0.1 mg/kg) or toxic (1.0 mg/kg)
doses, dissolved in water, were administered [8,17]. Con-
trol rats received the vehicle alone. No other animals were
housed in the room or allowed contact with the study
animals.

Experiments were performed in accordance with a proto-
col approved by the university ethics committee on labora-
tory animals.

3 weeks 4 weeks |

3 weeks i 4 weeks
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2.2. Preparation of rat cortical samples

After acute (6, 12, 24, and 96 h) and chronic (1, 2, 3, and
4 weeks) administration of the antipsychotics in both ther-
apeutic and toxic doses, rats were decapitated under ether
anesthesia. The cerebellum was removed and the temporal
cortices were dissected. In order to eliminate post-mortem
decay, preparation was performed on dry ice.

The samples were homogenized in 50 mM of Tris buffer
(pH 7.5) containing 0.15M NaCl, 2mM phenyl-methyl-
sulfonyl-fluoride, 2mM EDTA, 2 pg/ml leupeptin, 1 pg/ml
pepstatin, 1% Nonidet-P-40 and 0.1% sodium deoxy-
cholate by using a glass—teflon potter (1500 rpm, 1 min).
The homogenates were centrifuged at 10,000 x g for
30min at 4°C. The supernatants were used for the detec-
tion of total APP. Protein concentrations of samples were
determined by the method of Folin as modified by Hess
et al. [24].

2.3. Western immunoblot

Proteins (30 pg per lane) were separated on 9% of
sodium-dodecyl-sulfate (SDS)-polyacrylamide gel and elec-
troblotted onto nitrocellulose membranes by using the Bio-
Rad Mini-Protean II system. After protein quenching with
5% non-fat dry milk in 50 mM of Tris-buffered saline (TBS,
pH 7.5) containing 0.2% of Tween-20, the blotted samples
were incubated overnight at room temperature in mono-
clonal 22C11 antibody (5 pg/ml, against residues 68-81
of APP). After being washed (5x), the membranes were
incubated with horseradish-peroxidase (HRP)-conjugated
anti-mouse-IgG (1:500, Sigma—Aldrich, USA). For the de-
tection of blots, the Renaissance Western Blot Chemilumi-
nescence Reagent (Pierce, USA) was employed, followed
by exposure to an autoradiographic film. Optical densities
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of immunoreactive bands were detected and quantified by
means of the NIH-Image Analyser Program (NIH, USA).
The levels of APP in the control group were taken as 100%,
and changes were calculated with respect to this value (data
are given in relative units).

2.4. Data analysis

Results presented are “arithmetic means + standard
deviation” of experiments performed in triplicate. Student’s
t-test was used to determine the significance of observed
differences. All differences stated in the text are statistically
significant (P < 0.05).

3. Results

Using monoclonal 22C11 antibodies against residues
68-81 of APP, we were able to detect APP-containing wide
bands at 110-120kDa (Fig. 1).

Traditional antipsychotic HAL efficiently elevated cor-
tical APP levels in a concentration-dependent manner
(Figs. 1A, B and 2). Significant rise in APP was evident
as a result of acute administration of HAL in therapeutic
and toxic doses within 24 and 12 h, respectively. Significant
changes in APP concentrations were between 2 and 6%
when compared to that seen with control levels.

On the other hand, chronic HAL treatment slightly in-
creased APP concentrations, however, did not change APP
levels considerably.

Risperidone slightly, but not significantly increased cor-
tical APP levels in both therapeutic and toxic doses dur-
ing all treatment periods (Figs. 1C, D and 3). In case of
this atypical antipsychotic drug there was neither time-, nor
concentration-dependence with respect to APP levels.
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Fig. 2. Semi-quantitative evaluation of cortical APP-Western blot after or without intraperitoneal haloperidol administration. Rat cortical APP levels
were approximated utilizing Western blotting, and chemiluminescent visualization of bands were quantified by densitometry. (A) Haloperidol treatment
revealed significant increase in both therapeutic (Th) and toxic (Tx) doses within 24 and 12 h, respectively, with regards to APP when compared to that
seen with control (C) animals (* P < 0.05). (B) Chronic HAL administration yielded slight increase, but no significant changes in APP concentration.



96 A. Palotas et al./Brain Research Bulletin 62 (2003) 93-99

106 1

103 -

optical density (%)

97

(A) time (hours)

OC BTh MTx

106 1
g
10314
."..;.
=
5}
=
3
< 100 4
=
e

97 4

1 2 3 4

(B) time (weeks)

OCAaThMTx

Fig. 3. Time-course of risperidone on rat cortical APP. APP-containing bands were assessed by chemiluminescent Western immunoblot techniques. (A)
Acute (6, 12, 24, and 96 h) risperidone treatment, administered through the intraperitoneal route, resulted in incessant APP levels in SPRD rat cortices.
(B) Chronic (1-4 weeks) intraperitoneal risperidone treatment does not significantly alter cortical APP in vivo as detected by chemiluminescent Western
blotting (C: control; Th, Tx: therapeutic and toxic risperidone treatment, respectively).

4. Discussion
4.1. Effect of HAL on APP levels

This is the first published report on the effect of HAL
and RISP on APP metabolism in vivo. Acute administra-
tion of HAL apparently yielded APP elevation in both ther-
apeutic and toxic doses in our experiments. Because HAL
was demonstrated to act as an inhibitor of select proteinases
[16], including secretases that cleave APP [25], acute HAL
leads to increase in the non-metabolized form of APP. This
is supported by the finding that APP metabolism is increased
by environmental signals that activate Ca**-signaling path-
ways [31]; however, HAL is a calcium antagonist [43] and
therefore it efficiently inhibits APP processing, leading to
elevated full-length APP levels.

4.1.1. Neurotoxicity and neuroprotection

HAL has been proved to be neurotoxic, and the involve-
ment of oxidative free radicals and apoptotic factors is
strongly implicated [3,5].

oi-ligands, such as neurosteroids, play a role in neu-
roprotection [21,41]. oj-agonists modulate ionotropic,
metabotropic, and voltage gated Ca?*-signals, and enhance
intracellular Ca®*-mobilization [46]. Ca®* increases APP
metabolism in general [31], and also stimulates sAPPa
secretion [14]. sAPPa can reduce neuronal cytosolic
Ca’*-levels and have demonstrated neuroprotective efficacy
against a variety of insults [33]. Moreover, o|-receptor ag-
onists play an important role in learning and memory. They
have been demonstrated to possess neuromodulatory ef-
fects; they potentiate cholinergic neurotransmission and the
glutamatergic system [29,35]. Also, neuroprotection against
BAP-induced neurotoxicity was reported [11]. Because the
traditional neuroleptic HAL also acts as sigma o j-antagonist
[47], it inhibits this complex neuroprotective pathway.

By being a D;-receptor antagonist [22], HAL decreases
PKC activity and level [19]. Activating PKC would lead to
secretion of neuroprotective SAPPa [9,13], and modulation
of Ca®*-currents by regulating Ca*-channels through sec-
ond messengers [38,45]. Ca?*, one of the most important
second messengers in the brain, decreases APP mRNA lev-
els [49]. Taken together, decreased PKC by HAL increases
APP mRNA.

Even though increased APP level is a precondition to
excessive neurotoxic AP formation, one of the inducible
neuroactive (trophic) factors at site of neural injury is the
APP that may participate in cell-to-cell recognition, re-
establishment of synaptic contacts, alleviation of glutamate-
induced membrane depolarization and over-excitation,
and stabilization of the intracellular Ca’* homeostasis
[28,30,40,41]. In addition, persistent induction of APP
expression without subsequent accumulation of BAP in re-
sponse to acute brain injury substantiates the neuroprotective
potential of APP [26,28]. This may account for the elevated
APP level seen in our experiments after HAL treatment.

Moreover, HAL increases the activity of NF-kB [42]. Ac-
tivation of NF-kB by either sAPPa [4] or HAL stabilizes
cellular Ca>* homeostasis by modulating the expression of
genes that encode calcium-binding proteins, ionotropic glu-
tamate receptor subunits, and anti-apoptotic bcl-2 family
members [6,32]. This is in line with our previous experi-
ences with HAL-induced cellular protection with respect to
neurotoxic APP metabolites [39].

4.1.2. HAL and Ca** in AD

Abnormal signal transduction systems have been impli-
cated in the pathophysiology of AD and in APP metabolism,
but their precise role has been difficult to establish. We hy-
pothesize that the action of HAL on APP processing is a
fine-tuning mechanism involving various second messen-
gers, such as Ca?*t.
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Calcium, as discussed above, plays a central role in
HAL-induced neurotoxicity and neuroprotection both in
general and in AD. However, HAL modulates extracellular
Ca?*-influx and intracellular Ca?*-mobilization through
o1-receptors, therefore stabilizes Ca?t. This fine-tuning
mechanism leads to constitutive SAPPa secretion, which
precludes BAP formation. This is in line with our finding
that HAL attenuates BAP-induced Ca?*-imbalance and sta-
bilizes [Ca’t); [39]. Moreover, because it has been shown
to non-selectively block Ca?*-channels [43], HAL may also
directly protect in AD against pores formed in the mem-
brane by BAP that act as cation (e.g. Ca2t) channels [1].

Yielding an elevated APP concentration in the aforemen-
tioned calcium-dependent manner by HAL is two-fold: sup-
pressing its cleavage or elevating mRNA spp-level. However,
HAL has been reported to block the amyloidogenic process-
ing of APP, which, in turn, precludes BAP production [25],
and therefore may stimulate neuroprotective sAPPa secre-
tion which may attenuate both self-induced (i.e. direct tox-
icity of HAL) and BAP-derived neurotoxicity.

Moreover, chronic treatment with HAL results in stable
APP levels in our experiments, which leads to decreased de-
position of BAP in the brain over time by inhibiting BAP
formation [25] and alleviating BAP-induced toxicity [39].
This may explain why several investigators have found a
low frequency of AD neuropathology in SCH, as many pa-
tients are likely to have been treated chronically with an-
tipsychotics, including HAL, a commonly prescribed drug
for this disorder.

4.1.3. APP-receptor

Various ligand-operated ion channels that control intracel-
lular calcium levels may also regulate APP processing [31].
Both sAPPa and BAP have been demonstrated to modulate
cytoplasmic Ca?* concentration [33,34), raising the possi-
bility that these compounds may regulate their own forma-
tion. This fine-tuning mechanism may be characteristic of
AD because of the involvement of various APP-related sub-
stances. However, by being a putative cell-surface receptor,
APP itself might also be directly involved in this scenario
[27]. APP might be a single metabotropic receptor coupled
to GTP-binding proteins [36], or it may be a part of a larger
receptor complex potentiating Dy- and/or o) -receptors. El-
evated APP levels after acute HAL treatment argue for this
hypothesis, in that inhibitory ligands (e.g. HAL) result in
compensatory up-regulation of their receptors (e.g. APP
itself). Therefore, HAL-APP receptor-kinetics should be
investigated in the future.

4.2. Effect of RISP on APP levels

Atypical RISP has common action with HAL on D;-
receptors. However, it also acts as a serotonergic-antagonist,
of which 5-HT, and 5HT4-receptors have been shown
to stimulate sAPPa secretion [37]. Moreover, lesions of
cholinergic, serotonergic, and adrenergic neurotransmitter

systems all result in the induction of APP levels [48]. By
antagonizing both 5-HT and NA (i.e. adrenergic) receptors,
slight elevation in APP concentration elicited by RISP treat-
ment is apparently evident. This suggests that RISP may
induce neuroprotection against various internal or external
nocuous stimuli by slightly stimulating APP expression [26,
28,30}

In contrast with HAL, high potential atypical antipsy-
chotic RISP did not have a significant effect on APP, nor
does the literature have any information on its importance
at any level in AD, be it clinical or molecular. The observed
changes elicited by HAL in this study are therefore better
explained. Even though both drugs act as D>-antagonists, in-
volvement of o -receptors, altered affinity to APP, or other
unknown mechanisms may account for the differing impact
of HAL from RISP on APP metabolism. However, the slight
increase in APP levels as a result of RISP treatment (Fig. 3)
might also be regulated by gordian mechanisms; apart from
D;-receptors, the involvement of numerous factors beyond
the first messenger level along with 5-HT, and NA-receptors
might be implicated.

5. Conclusion, future directions

It is feasible that resident brain neurons may acutely have
an increased sensitivity to the APP stimulatory action of
HAL. However, elevation in the level of the evolutionarily
highly conserved APP by any internal or external stimulus
would be of enormous functional importance; this is con-
sistent with the observed significant elevation being “only”
2-6% in our experiments. Therefore, the rise in APP lev-
els might be attributable to simple and transient transloca-
tion of the precursor with intact expression, and/or altered
metabolism to alleviate drug-induced neurotoxicity and pro-
mote survival. Because HAL interferes with APP processing
in a complex way, the latter appears to be more conspicu-
ous. This hypothesis is supported by our present finding that
either acute or chronic administration of RISP, an atypical
antipsychotic with no known impact on APP metabolism,
has slightly increased, but did not significantly interfere with
APP levels in vivo.

When present findings are taken together with their clin-
ical relevance, we reason that both HAL and RISP are
considered relatively safe with respect to APP when admin-
istered in the treatment of the frequently occuring BPSD in
AD. However, in order to examine the effect of both HAL
and RISP on APP processing, selective detection of sAPPa
should be performed.

The complex agonistic and antagonistic effects of HAL—
and probably RISP—on APP metabolism as discussed here-
with are not yet understood, but the involvement of Ca?* is
clear. This might, however, be co-regulated by various other
factors activated or inhibited by these drugs. To address this
issue, we aim to establish gene expression profiles of tradi-
tional and atypical antipsychotics.
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Abstract

Background: Antipsychotics are widely used in the treat-
ment of behavioral and psychological symptoms of de-
mentia. A low frequency of Alzheimer's disease in pa-
tients with schizophrenia is reported, and it has been pro-
posed that antipsychotic medications, such as haloperi-
dol, may be responsible. Disruption of intracellular cal-
cium levels is considered to play a key role in B-amyloid-
induced neurotoxicity in Alzheimer’s disease. Haloperi-
dol has also been reported to interact with calcium
homeostasis through dopamine-2 and sigma-1 recep-
tors, and other, yet unknown mechanisms. Objective:
Therefore, we investigated whether differences in the
basal intracellular free calcium levels of cultured cuta-
neous fibroblasts — cells that do not express dopamine-2
and sigma-1 receptors — derived from sporadic Alzhei-
mer patients and from age-matched control individuals
after haloperidol treatment might be present. Methods:
Intracellular calcium level was measured in Fura-2AM-
loaded human fibroblasts by dual wavelength spectro-

fluorimetry. Results: Alzheimer cells exhibited signifi-
cantly lower calcium level as compared to the control
cultures. Exposure of fibroblasts to B-amyloid peptide
resulted in increased calcium concentration of the con-
trol cells, but not of Alzheimer fibroblasts. Co-incubation
of cultures with a therapeutic dose of haloperidol
blocked the B-amyloid-induced elevation of calcium.
Conclusion: This finding indicates that haloperidol effi-
ciently countervails ionic imbalance and suggests that it
may serve as a potential agent in alleviating neurotoxic

effects of B-amyloid peptide.
i N T Copyright © 2004 S. Karger AG, Basel

introduction

Neurotoxicity caused by the ubiquitously expressed
B-amyloid peptide (BAP) is considered to be the underly-
ing pathomechanism in Alzheimer’s disease (AD). Accu-
mulation of BAP initiates progressive neuritic injury,
which results in disruption of neural metabolic and ionic
homeostasis. Destabilization of Ca** homeostasis in neu-
rons plays a central role in AD pathogenesis [1].

BAP is also reported to form deposits in the skin of AD
patients [2]. A large number of studies have showed var-
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ious alterations in fibroblasts, such as disturbances of
Ca?* uptake [3], glucose metabolism [4] and several other
biochemical changes [5, 6]. In our ongoing studies we
have demonstrated alterations in biochemical processes
in cultured skin fibroblasts of AD donors. We have
proved that, in contrast to control cells, AD fibroblasts
exhibit low resting intracellular calcium concentration
([Ca2*];) and are resistant to BAP.

Several reports demonstrate that AD pathology is in-
frequent in patients with schizophrenia (SCH) [7, 8]. It
has been proposed that medications used to treat SCH,
such as haloperidol (HAL), might have a protective effect
against developing AD neuropathology, which would ac-
count for a low frequency of these changes in elderly
patients with SCH. The mechanism by which antipsy-
chotic drugs might exert such an effect is not known. The
use of neuroleptic medication in AD has recently been
suggested, in that select antipsychotics are widely used in
the treatment of behavioral and psychological symptoms
of dementia, including psychosis, delusions, hallucina-
tions, agitation, etc. — occurring in roughly half of AD
patients.

HAL has previously been reported to interfere with
calcium metabolism through various mechanisms, in-
cluding interaction with dopamine-2 and sigma-1 recep-
tors [9-11]. It has been proposed that other pathways also
lead to HAL-induced changes in Ca2* levels. Because
fibroblasts do not express dopamine-2 and sigma-1 recep-
tors, and in light of evidence that HAL interferes with
Ca2*+ homeostasis, we evaluated HAL for its effects on
BAP-induced Ca2* imbalance on fibroblasts. In the course
of surveying a wide variety of agents directed against AP
toxicity, here we report that HAL, one of the most fre-
quently prescribed antipsychotic medications used in the
treatment of SCH [12], counterbalances AP with respect
to [Ca?*];.

Materials and Methods

Patient Population

Forearm excision biopsies were obtained after informed consent
from late-onset sporadic AD patients (aged 73 £ 10.11, nap = 42)
and age-matched controls (aged 71 + 8.8, nc = 16). At the time of
skin biopsy, all participants were outpatients. The diagnosis of AD
was made according to DSM-IV criteria [13]. All AD donors met the
DSM-IV definition of dementia of the Alzheimer type, which
requires evidence of cognitive deficits (criterion A) and a process of
decline from previous levels (criterion C); none of them had a history
of familial AD. Control individuals were tested negative for any
forms of dementia.
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None of the participants in our study received any medication
known to interfere with calcium metabolism, such as antihyperten-
sive drugs, calcium antagonists, or antidepressants. None of the
patients was on acetylcholinesterase inhibitor before and during the
measurements. No probands suffered from any hematologic or
inflammatory disorders.

Fibroblast Culture Methods

All AD and control samples were cultured in the same conditions,
as discussed previously [14]. In short, fibroblasts were grown on glass
coverslips in a 24-multiwell plate in Dulbecco’s modified Eagle’s
medium containing 5% of heat-inactivated fetal calf serum as well as
penicillin (100 U/ml), streptomycin (100 ug/mil) and 2 mM glutamate
in a humidified atmosphere of 95% air and 5% of CO,. Cultures used
for measurements of [Ca?*); were generally confluent. All fibroblasts
had a characteristic spindle-shaped appearance and were attached
firmly to the coverslips. Viability of cells was estimated by the meth-
od of intravital staining with trypan blue after the incubation of cell
suspension in the presence of the preparation (0.2% trypan blue in
Hanks’ balanced saline solution. After 5 min of incubation in the
solution, 1.3% of cells absorbed the dye. In line with this finding we
concluded that 98.7% of fibroblasts present on the coverslips were
viable.

Measurement of Basal Intracellular Free Calcium Levels

[Ca2*); values were quantified by fluorescence ratio imaging
of the calcium indicator dye Fura-2AM. Cells were incubated for
30 min in the presence of 1 uM of the acetoxymethylester form of
Fura-2AM. Cultures loaded with the dye were then washed twice
with phosphate-buffered saline and were used immediately for mea-
suring fluorescence intensities. Images were obtained using a Hitachi
F-2000 spectrofluorimeter. The ratio of the fluorescence emission of
the cultures using two different excitation wavelengths of 340 and
380 nm at emission wavelength of 495 nm was applied to determine
[Ca?*];. In line with many other papers examining calcium levels [2,
14-17], the authors found the rate of the fluorescence ratios excellent
for monitoring alteration of [Ca2*);, without calculating actual [Ca?*];
values.

To check that labeling of the cells with the dye and intracellular
cleavage of the ester occurred, we sampled the fluorescence excita-
tion ratios before loading the cultures with the dye. Ratios of unla-
beled cells observed at 495 nm were 12.03 £ 5.04, around 4 times
lower when compared to the ratio of 46.11 + 9.19 after incubation
with the dye; this is characteristic of Fura-2AM fluorescence.

No significant alteration was detectable among labeled cultures in
Fura-2AM fluorescence using the calcium-insensitive excitation
wavelength of 367 nm, indicating that the observed response reflects
a real change in the calcium level of the cells.

Because gross alterations in the cell number/cell mass actually
present in the cuvettes may interfere with the fluorescence intensi-
ties, the total protein content of the cuvettes was determined accord-
ing to Lowry et al. [18]. Cuvettes were found to contain 142.3 +
10.1 pg protein/cuvette, with no cuvette significantly deviating from
the mean. This suggests that the total protein content of the cultures
examined did not differ considerably.

Drugs

B-Amyloid Peptide. Solid-phase protein synthesis was used for the
preparation of PAP,_4; [19], as discussed previously [16]. Peptides
were purified by a Shimadzu LC-8A preparative HPLC system. Pure
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BAPs were dissolved in phosphate-buffered saline and were incu-
bated for an hour to ‘age’ before direct use in the cultures. In the
experiments where BAP was used, fibroblasts were incubated in
10-7 M final concentration of the peptide for 16 h. This concentra-
tion of BAP is equivalent to that seen in the plasma of AD patients.
Control cultures were free of BAP treatment.

Haloperidol. The antipsychotic Haloperidol® was obtained com-
mercially from Gedeon Richter Ltd. and was used directly in the
experiments. Final HAL concentration was 10 ng/ml, which equals
to the therapeutic plasma level of HAL [20, 21]. Control cultures
were free of HAL treatment.

Data Analysis

Values are given as arithmetic mean * standard deviation. All
differences stated in the text are statistically significant (Student’s
t tests, p< 0.05).

Results and Discussion

Fibroblasts were successfully harvested from both AD
and control donors. Cells were competent to be labeled
with Fura-2AM at 37°C by passive diffusion during the
experiments. In case of control specimens, the 340/
380 nm fluorescence excitation ratio (FL), representing
[Ca2*];, revealed 2.48 + 0.162, whereas AD samples
exhibited an FL of 2.052 + 0.207 (table 1). Control fibro-
blasts incubated for 16 h in 10-7 M of fresh BAP demon-
strated a significant increase in [Ca2*]; (FL 2.666 £ 0.08).
In contrast, AD cultures, maintained in the same condi-
tion, showed little or no change in the free cell calcium
(FL 2.055 = 0.125). [Ca2*]; of neither control nor AD
fibroblasts have changed significantly as a result of HAL
treatment (FL 2.41 £+ 0.119 and 2.049 + 0.202, respec-
tively). Preincubation of cultures with HAL together with
BAP has also resulted in no elevation in [Ca?*]; (table 1,
fig. 1).

These findings indicate that cultured cells from donors
of AD demonstrate significant decreases in free cell cal-
cium when compared to that of age-matched controls.
These data clearly indicate that detectable biochemical
alterations are present in Alzheimer fibroblasts.

Our data also implies that chronic exposure of cells to
BAP causes a rise in free cell calcium only in control fibro-
blast cultures. BAP disrupts calcium-regulating processes
in control cells resulting in elevations of free cell calcium.
AD fibroblasts do not show this change. A substantial
body of data exists indicating that AD fibroblasts are ren-
dered resistant to BAP as a result of the long-term exposi-
tion of the peptide. Taken together with our previous and
ongoing experiments, we hypothesize that tonic BAP load
ultimately decreases [Ca2*]; and makes cells insensitive to
f-amyloid in the long run.

Haloperidol, Amyloid and Fibroblasts
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Fig. 1. 340/380 nm fluorescence excitation ratios. The chart delin-
eates that control fibroblasts demonstrate increases in the basal intra-
cellular Ca2* level as a result of BAP treatment. Co-treatment of cul-
tures with HAL attenuates BAP-induced calcium imbalance. Basal
Ca?* concentration of AD cells is significantly decreased when com-
pared to that of the controls. AD fibroblasts have proved to be resis-
tant to both BAP and HAL with respect to calcium. * p < 0.05.

Table 1. 340/380 nm fluorescence excitation ratios (FL340/380)

Cultures FLso380 (mean + SD)  Coverslips
Control 2.48+0.162 16
AD 2.052+0.207 42
Control + AP 2.666+0.08 16
AD + BAP 2.055+0.125 42
Control + HAL 2.41£0.119 16
AD + HAL 2.049+0.202 16
Control + BAP + HAL 2.46+0.123 16
AD + AP + HAL 2.054+0.198 16

Comparative fluorimetric studies on human control and AD
fibroblasts on the FL340380 using the Ca2* indicator dye Fura-2AM.
The cells were cultured with or without 10-7 M of BAP and/or
10 ng/ml of HAL for 16 h at 37°C. FL were calculated from fluores-
cence intensities observed at 495 nm using excitation wavelengths of
340 and 380 nm.

HAL, a calcium and calmodulin antagonist [11], neu-
tralized BAP-induced [Ca?*]; elevation in our experi-
ments. Piling evidence suggests that HAL blocks Ca?*
channels [22, 23]. Also, a substantial body of published
data has established that BAP can form ion channels in
lipid bilayers, liposomes, neurons and other cells [24, 25].
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BAP channels are heterogeneous in size, selectivity, block-
ade, and gating. They exhibit multiple cation selectivity,
admitting Ca2+*, Na*, K*, Li*, etc., leading to unregulated
calcium influx via BAP channels. Based on our present
findings and on the Ca2* channel hypothesis of BAP, we
propose that HAL may efficiently block the channel activ-
ity of BAP, too.

Because HAL was demonstrated to efficiently inhibit
BAP formation [26], we hypothesize that the protective
effect of HAL is achieved through two associated mecha-
nisms. It might decrease the concentration of BAP; ac-
cordingly, less Ca2* channels, formed of BAP, will be
present; however, even these few channels will be blocked
by HAL. Our results strongly support the hypothesis that
both regulating PAP production [26] and blocking PAP
channels may be underlying the molecular mechanism of
HAL (neuro)protection.

A growing number of evidence indicates that HAL
interacts with calcium homeostasis. Apart from directly
modulating calcium levels and blocking Ca2* channels,
HAL also alters the expression of genes involved in the
regulation of [Ca2*]; of neurons [27]. Moreover, HAL has
been reported to induce apoptosis of brain cells, which
involves activation of sigma receptors, and also transloca-
tion of calcium into the cytoplasm [9, 10]. On the con-
trary, however, our results suggest that HAL itself does
not change Ca?* level in fibroblasts. To the best of the
authors’ knowledge, this is the first published data on the
effect of HAL on fibroblasts regarding [Ca2+];.

Because of differences certain to be encountered with
respect to tissue-specific macromolecules, lack of various
neuronal receptors on fibroblasts — including sigma and
dopamine receptors — may give an explanation. Neverthe-
less, HAL efficiently attenuated AP-induced calcium
imbalance in our experiments. In spite of its inability to
interfere with Ca2* in the periphery, this observation fur-
ther confirms the possibility that HAL directly interacts
with BAP. We hypothesize that it either operates as a
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