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A < 10 Kilodalton Fraction of Cerebrospinal Fluid from Patients with
Parkinson’s Disease Decreases the Survival of Rat Mesencephalic
Dopaminergic Neurons in Culture

Katsuko Mishima, Takao Takeshima and Kenji Nakashima

Division of Neurology, Institute of Neurological Sciences, Tottori University, Faculty of
Medicine, Yonago 683, Japan

Parkinson’s disease (PD) is characterized by loss of dopaminergic neurons of the pars
compacta in the substantia nigra. It has been suggested that environmental or intrinsic
toxic factors for mesencephalic dopaminergic neurons are associated with this progres-
sive neuronal loss. Using a primary rat mesencephalic dopaminergic culture method,
we tested the impact of the cerebrospinal fluid (CSF) obtained from patients with PD
on the survival of mesencephalic dopaminergic neurons. Specimens of CSF were
obtained by lumbar puncture from 6 patients with PD (including 2 patients never treated
with L-dopa) and control patients with other neurological diseases. On day 4 of in vitro
culture of the CSF specimens, 20% of the growth medium was exchanged with the < 10
kDa fraction of CSF. The survival of dopaminergic neurons was evaluated by tyrosine
hydroxylase (TH) staining on day 6 of in vitro culture. The percentage of TH-positive
neurons significantly decreased in cultures treated with the < 10 kDa fraction of CSF
from PD patients (3.0+ 1.4%; mean= SD) than in those from control subjects (6.%
2.5%, P < 0.05), without any significant difference to the total cell number. The toxicity
of CSF from PD patients not treated with L-dopa was significantly higher than that
from PD patients treated with L-dopa. A dose-response curve of 1-methyl-4-phenyl-
pyridinium ion (MPP ) toxicity on this culture was tested in a range from 0.1 to 2aM
(median effective dose, 1.AM). The mean effect of the 20% medium replacement with
the < 10 kDa fraction of CSF from PD patients was equivalent to that of 5{iM MPP™.

It is suggested that a somewhat toxic factor exists in CSF of PD patients, which is one of
the causes of the development of PD.

Key words: cerebrospinal fluid; mesencephalic dopaminergic neurons; microisland cultures; neuro-
toxicity; Parkinson’s disease

Parkinson’s disease (PD) is characterized bgf genetic factors (Smith et al., 1992; Shoffner
progressive degeneration of the mesencephalit al., 1993), endogenous or exogenous toxic
dopaminergic neurons (MDNs) from the pardactors (Nagatsu and Yoshida, 1988; Drucker et
compacta in the substantia nigra, which causes.,1990; Matsubara et al., 1992, 1993) and oxida-
tremors, muscle rigidity and akinesia. Thetive stress (Edwards, 1998)e hypothesized as
cause and mechanism of the selectiveariables in the development of PD. Since a
degeneration of MDNSs in PD has not yet beemeurotoxin, 1-methyl-4-phenyl-1,2,3,6 tetra-
fully understood. At present, the involvementhydropyridine (MPTP), was found to cause

Abbreviations: 10 kDa CTL-CSF, 10 kDa fraction of CSF from control subjects; 10 kDa PD-CSF, 10 kDa fraction
of CSF from PD patients; CSF, cerebrospinal fluid; CYP2D6, cytochrome p-450 deprisoquine spulteine gene; FCS,
fetal calf serum; MDN, mesencephalic dopaminergic neuron;'MRmethyl-4-phenylpyridinium ion; MPTP, 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine; PBS, phosphate buffered saline; PD, Parkinson’s disease; TH,
tyrosine hydroxylase; TIQ, 1,2,3,4-tetrahydroisoquinoline
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Table 1. Patient characteristics

Case Age* Sex Duration* Yahr Period* after Other anti-Parkinson drugs
No. of stage L-dopa
illness therapy
PD1 70 M 6 1 6 (200) Amantadine (100)
PD 2 63 M 2 1 2 (300) Amantadine (100), pergolide [450],

droxydopa (300), trihexyphenidyl (2)

PD 3 77 F 10 " 2 (400) Amantadine (300)
PD 4 69 F 3 \% 1 (300) Bromocriptine (5), droxydopa (300)
PD 5 66 F 1 1 Free Free
PD 6 66 F 3 1 Free Free
Meant SD 68.2+ 5.2 4.2
F, female; M, male; PD, Parkinson’s disease.
*year(s).

( ), mg/day; [ ]ug/day.

Parkinsonism in human (Langston et al., 1983)

and nonhuman primates (Davis et al., 1979; Materials and Methods
Langston et al., 1984), endogenous and

exogenous toxic factors similar to MPTP hav
been sought in the cause of PD.

Recently, a microisland culture method forThe CSF was collected from 6 patients with PD
the ventral mesencephalon of 14-embryonicand from 7 patients with other neurological dis-
day-old rats, which centers on the A8, A9 anaases as controls. A lumbar puncture was per-
A10 dopaminergic nuclei, has been establishefdrmed under routine clinical conditions: the
(Takeshima et al., 1994a, 1996). In this culturanitial 4 mL CSF was evaluated with the routine
95% of the cells are stained positive for neu€SF test including cell counts and a protein and
ronal markers, and 20% for thyrosine hydroglucose assay, and the remaining 6 mL CSF was
xylase (TH), which is a marker for dopa-used in this study. Table 1 summarizes the
minergic neurons, at the early stage of culturédoackgrounds of patients with PD, and Table 2,
Less than 5% of the cells are stained positive the backgrounds of control subjects. Informed
glial markers. This culture technique involvingconsent was fully obtained after the nature and
a high percentage of TH-positive dopaminergicscope of the study were explained.
neurons is suitable for the bioassay of toxic
or trophic factors for dopaminergic neurons
(Takeshima et al., 1994a, 1994b, 1996). Table 2. Control characteristics

Using this technique, we verified the im
pact of the < and > 10 kDa fractions of CSEase No. Age*  Sex Diagnosis
from patients with PD and other neurological

CsFofPD patients and control subjects

. - L1 75 M  Vascular dementia
dlseasc_as on the survw_al qf mesence_p.h 57 M  Abducens nerve palsy
dopaminergic neurons in vitro. In additiongT 3 78 F  Multiple cerebral infarction
we tested the dose-response toxicity of MPBTL 4 75 F  Meige syndrome
in a serum-priming serum-free microislan@TL 5 71 F  Alzheimer disease
culture, and quantified the toxicity of the %;t? gé E mﬂoigﬁ”rﬁ;dfe?e
10 kDa fraction of CSF from patients with ucens nerve paisy
PD. Mean+ SD 67.9+ 10.1

CTL, control subject; F, female; M, male.
*years.
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Following the collection, the CSF samples Cell viability was evaluated with a 2-color
were immediatly centrifuged (1000g, 3 min) fluorescence cell viability assay kit (Live/Dead
and the supernatants were frozen at —80°@ssay Kits, Molecular Probes, Inc., Eugene,
Later, the CSF samples were thawed at roo®R). Cell viability just before plating was
temperature and diluted twice with Dulbecco’salways > 90%. The cells were resuspended in a
phosphate buffered saline (PBS). The CSHnal density of 5.0¢ 10°/mL. A 25pL droplet
samples were fractionated at 10 kDa wittof suspension (1.2610" cells) was plated on 8-
Centricon 10 microconcentrators (Amicon,well chamber slides (Nunc, Inc, Naperville, IL).
Grace Co., Bevely, MA), then sterilized with Before use, the 8-well chamber slides were
low protein binding filters (0.221m) (SLGV coated overnight with polyp-lysine (Sigma
025 LS; Millipore, Bedford, MA) and frozen at Chemical Co., St. Louis, MO). The droplet
—80°C until tested in culture. occupied an area up to 6.2 frfor a final den-
sity of 2.0x 10° cells/cnf. The cultures in the
covered chamber slides were incubated at 37°C,
in 5% CQ at 100% humidity, for 4 h to allow
cells to attach to the coated surface. Then, 375
All procedures were carried out in accordancg@ll of the serum-supplement medium was
with the standardized methods of bioassagdded to each well. The cultures were primed
neurotrophic factors for dopaminergic neuronsvith serum for 24 h, and grown in serum-free
(Takeshima et al., 1996). In brief, pregnantnedium: Dulbecco’s modified Eagle medium/
Sprague-Dawley rats were obtained from Shimizédam’s F-12 (GIBCO), 1.0 mg/mL bovine albu-
Jikken Doubutsu Co. (Shizuoka, Japan), anahin fraction V (Sigma), 0.1 mg/mL apo-trans-
exposed to CQon the 14th gestational day. Aferrin (Sigma), 15ug/mL insulin (Sigma), 30
laparotomy was done as described previousiywM L-thyroxine (Sigma), 20 nM progesterone
the uterus was removed and transferred to col@Sigma), 30 nM sodium selenite (Sigma), 100
clean PBS at pH 7.4 without €aand M¢*.  U/mL penicillin and 10Qug/mL streptomycin
Subsequently, the intact brain was removed, thg&I1BCO). Every 2nd day, 50% of the medium
brain stem was isolated, and then the ventralas exchanged with the serum-free medium.
mesencephalic region r(?\%)/entral medial region;
1.0x 1.5% 0.75'= 1.0 mn) was isolated. This
region centered on A8, A9 and A10 dopamin-Treatmem of test CSF
ergic nuclei. Dissected tissue blocks werén day 4 of in vitro culture, 20% (8Q.) of the
pooled in cold fresh medium kept at 4°C. Themedium was replaced with either the < or > 10
serum-supplemented medium was composed &Da fraction of the CSF from PD patients and
Dulbecco’s modified Eagle medium/Ham’s F-controls, and with PBS as a vehicle. To verify
12 (1:1) (GIBCO, Grand Island, NY), 10% fetalthe possible effect of the vehicle, the control
calf serum (FCS; GIBCO), 100 U/mL penicillin culture without any supplementation other than
and 100ug/mL streptomycin (GIBCO). The the medium was also served.
tissue was triturated with a 10QQ pipet with a

blue tip, and then with a 21 G needle fitted to 3 - )
. . : mmunostaining of TH and evaluation of
1.0 mL plastic syringe. Special care was taken

to prevent the cells from touching the rubber tipsurwval Of MDNSs in vitro

of the plunger, so as not to create bubbles in thEhe cultures were evaluated on day 6 of in vitro
cell suspension. The dispersed cells wereulture for the survival of MDNs using TH
transfered to 1.5 mL Eppendolf tubes (1.0 mLimmunostaining as an assay. The cultures were
tube), and centrifuged at 300g for 10 min. washed with cold PBS, fixed with 4% para-
The medium was carefully removed, and théormaldehyde in PBS for 10 min, permeabilized
cells were resuspended in fresh medium anidt 1% CHCOOH/95% GHsOH at —20°C for 5
counted using a hemocytometer. min, and then washed with PBS twice. Non-

Serum-priming serum-free microisland
culture of MDNs
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NS Fig. 1. Total number of neurons cultured in the < 10

NS NS | kDa_fraction of the cere_brospin_al fluid (_CSF)

100 | 1 1 obtained from patients with Parkinson’s disease

% i (PD-CSF) and controls (CTL-CSF), and in
L 80 phosphate-buffered saline (PBS). The serum-

L priming serum-free microisland culture of
g o mesencephalic dopaminerigic neurons obtained
2 %0 from 14-embryonic-day-old rats was treated with
T " test CSF (20% of medium was replaced with the < 10
o % kDa fraction of CSF) on day 4 of in vitro culture, and
20 evaluations were done on day 6 of in vitro culture.

1‘; Columns and bars show meariSD. The data were
PBS CTL-CSF oD.CSE analyzed with the analysis of variance. Differences

among the 3 groups are not significant.
Culture

specific binding was blocked with 1% bovinenail polish. An Olympus BX60 microscope
serum albumin (Sigma) in PBS for 15 min.equipped with the appropriate filters for
After aspiration of blocking buffer, 50L of fluorescence microscopy was used to visualize
anti-TH antibody X 100) (Boehringer Mannheim, the cells. The TH-positive neurons were blind-
Mannheim, Germanyyvas applied, and the ly counted in a 0.4 mfrarea (2.6% of the plate
chamber slides were incubated for 30 min in area) using an eye glid. Three fields were
dark and humid chamber. After washing twiceeounted, and the percentage of TH-positive
with blocking buffer, 50uL of fluorescein neurons was calculated as (number of TH-
isothiocyanate-conjugated anti-mouse immungpositive neurons/number of total cells in cul-
globulin G (x 100) (Vector Laboratories, tures)x 100 (%). An objective of 20 magnifica-
Burlingame, CAwas applied, and slides weretions was used to count cells.
incubated for 30 min. After washing twice with
PBS, the excess fluid was aspirated, th
chamber walls were taken off and 2 drops o
Vectashield mounting medium (Vector) wereSerum-priming serum-free MDN cultures were
applied, followed by a cover glass sealed witlset up as described above. On day 4 of in vitro
culture, 0.5 to 2uM MPP* was added in cul-

P <0001 ture, and TH staining and counting were carried

out on day 6 of in vitro culture.

+

i)ose—response toxicity of MPP

NS P < 0.001

0 P<005 ‘
c
E 12 .. .
2 Statistical analysis

10
C . . . .
o s Statistical analyses were carried out with the
=2, one-way analysis of variance, followed by ap-
g . propriate post hoc tests.
T
I; 2
O\ 0

Standard PBS CTL-CSF PD-CSF
Culture

Fig. 2. Impact of the < 10 kDa fraction of the CSF from PD patients (< 10 kDa PD-CSF) on the survival of
tyrosine hydroxylase (TH)-positive dopaminergic neurons in culture. The < 10 kDa PD-CSF decreased the
survival of TH-positive dopaminergic neurons in culture. The percentage of TH-positive heurons was
calculated as (number of surviving TH-positive neurons/number of total nexans) (%). Columns and

bars show meat SD. The data were analyzed with the analysis of varigdee.05, 0.001). NS, not
significant. CTL-CSF, < 10 kDa fraction of CSF from control subjects; PBS, phosphate-buffered saline;
standard, standardized control culture of serum-priming serum-free microisland mesencephalic dopaminergic
neurons.
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Fig. 3. TH immunostaining of the cultures exposed to the < 10 kDa fraction of the CSF from control subjects
(< 10 kDa CTL-CSF)A) and PD patients (< 10 kDa PD-CSB)(showing the growth and survival of TH-
positive neurons on day 6 of in vitro culture. The number of TH-positive neurons decreases in cultures treated
with < 10 kDa PD-CSF. Scale bar = gth.

Results PD treated with L-dopa, and 14#60.2% when
cultured in that obtained from 2 patients with
PD never treated with L-dopa (de novo PD),
from PD patients and controls and in respectively. Although the statistical cc_)m_pa_ri-
PBS son was not applicable because of the limitation
of given CSF samples, the mean percentage of
The total cells in culture were exposed to the IH-positive neurons of CSF obtained from
10 kDa fraction of CSF from PD patients (< 10patients with de novo PD was apparently lower
kDa PD-CSF) or control subjects (< 10 kDathan that from patients with PD treated with L-
CTL-CSF), and to PBS (Fig. 1). There were naopa.
significant differences among the 3 test groups.
Figure 2 shows the percentage of TH-positiv
neurons cultured in the < 10 kDa PD-CSF, < 1
kDa CTL-CSF, PBS and the standardized’he dose-response toxicity of MPi the
serum-priming serum-free medium. The raticserum-priming serum-free microisland MDN
in the mean percentage of TH-positive neuronsulture is shown in Fig. 4. After exposed to
cultured in the < 10 kDa PD-CSF, < 10 kDaMPP*, TH-positive neurons selectively de-
CTL-CSF and PBS to that in the standard mediereased. The median effective dose of MipP
um, were 39.2%, 79.8% and 109.3%, respedhis culture model was 1jiM. The mean tox-
tively. The mean percentage of TH-positivecity of the 20% medium replacement with the <
neurons cultured in the < 10 kDa PD-CSF wa&0 kDa PD-CSF was determined to be equiv-
significantly lower than that of those cultured inalent to that of 5.qM MPP".
the < 10 kDa CTL-CSFR < 0.05), PBSR <
0.001) and standarql r_"ed'“ﬁ“ 0'90.1)' Figure Impact of the > 10 kDa fraction of CSF
3 shows the surviving TH-positive neuronsfmm PD patients and controls
cultured in the < 10 kDa PD-CSF or < 10 kDa
CTL-CSF. The total cell number was 74:81.7 cells/field
The mean percentage of TH-positive(meant SD) when cultured in the > 10 kDa PD-
neurons was 3.8 1.1% when cultured in the < CSF, and 83.2 9.2cells/field when cultured
10 kDa PD-CSF obtained from 4 patients within the > 10 kDa CTL-CSF, respectively (not

Impact of the < 10 kDa fraction of CSF

+

ose-response toxicity of MPP

57


http://160.15.29.42/yam40_1/mishima/fig3.pdf

K. Mishima et al.

%
oo

8 Fig. 4. The dose-response toxicity curve of 1-

methyl-4-phenylpyridinium ion (MP® from

or 0.1 to 20.QuM on thyrosine hydroxylase (TH)-
positive neurons cultured in serum-priming

aor serum-free mesencephalic dopaminergic
neurons (MDNs). The vertical axis represents

2r the ratio to the survival of TH-positive neurons

without MPP" treatment on day 6 of in vitro
culture. The median effective dose of MPP

570 10..0 1570 20le . .
. was 1.0uM in this culture model.
MPP (HM)

Ratio of %TH-positive neurons

significant). The percentage of TH-positivecontains both trophic and toxic factors. This
neurons was 4.9 2.1% when cultured in the > could be possible, because toxic factors and a
10 kDa PD-CSF, and 6#0.6% when cultured damaged brain can upregulate the production of
in the > 10 kDa CTL-CSF, respectively (notneurotrophic factors. We fractionated the CSF
significant). of 10 kDa because most trophic factors have a
molecular mass higher than 10 kDa; for exam-
ple, the brain-derived neurotrophic factor has a
Discussion 135 kDa molecular mass (Hyman et al., 1991),
and the striate-derived neurotrophic factor has a
PD is one of the most common neurodegenerd4 kDa molecular mass (Dal Toso et al., 1988).
tive diseases, which is characterized by systenitao and colleagues (1995a, 1995b) reported
atic neuronal death. The cause and mechanigimt the < 10 kDa PD-CSF from Caucasian pa-
of such systematic neuronal death have naients was toxic to MDNs in culture. Yu and
been fully understood. Since MPTP was foundolleagues (1994), using CSF specimens ob-
to induce Parkinsonism (Langston et al., 1983}ained at autopsy, have shown that the < 10 kDa
neurotoxins like MPTP have been suspected dsactions of CSF from PD patients, Alzheimer’s
the cause of PD. Rat mesencephalic culturgmtients and age-matched healthy controls
have been used for the bioassay of neurotoxifishibited dopaminergic neuronal growth in
to dopaminergic neurons. Defazio and coleulture. Dying and postmortal changes in the
leagues (1994) tested specimens of serum frobmain might bring different results. We found
PD patients using a culture of rat MDNs, andhat control CSF specimens did not show toxic
found the complementary-dependent toxicity oéffects on dopaminergic neuronal growth, and
serum from PD to rat MDNs. Serum might be @onfirmed the toxicity of < 10 kDa PD-CSF in
good test material, because serum is obtainddpanese people. The existence of racial differ-
relatively easily with minimum pain to patients.ence was reported in the etiology of PD, and the
However, serum contains numerous factorprevalence ratio of PD is higher in Caucasians
from many organs and may not always reflecthan in Japanese (Schoenberg et al., 1985; Kusumi
alterations in the brain. CSF is more relevargt al., 1996). However, we detected that the
than serum for the study of changes in the braitoxicity of the < 10 kDa PD-CSF in Japanese
because the brain exists within the CSFpeople was the same as the reported toxicity in
Although some attempts were made to test th@aucasians (Hao et al., 1995b). Increase of tox-
CSF in MDN cultures, some found toxicity andic factor(s) is considered to play an important
others found trophic effects of CSF from PDrole of development of PD in both races.
patients with MDNSs in culture (Carvey et al.,, In this study, the impact of < 10 kDa PD-
1993; Yu et al., 1994; Hao et al., 1995a, 1995b)CSF on the survival of the total cell number in
One possibility is that the CSF from PD patientgulture was not different from the impact of <
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10 kDa CTL-CSF, PBS and standardizednd colleagues (1990) reported that L-dopa has
serum-priming serum-free culture. Treatmena dose-dependent toxicity to MDNSs in culture.
with the < 10 kDa PD-CSF more significantlyHao and colleagues (1995b) measured dopa-
decreased the number of surviving TH-positivenine levels in the CSF from PD patients, and
neurons in culture than the treatment with the €ound no significant relation between L-dopa
10 kDa CTL-CSF and PBS did. These resultsoncentration in the CSF and toxicity to MDNs.
clearly mean that the toxicity of < 10 kDa PD-Although L-dopa is toxic to MDNs in culture,
CSF is selective for dopaminergic neuronsthe CSF from patients receiving L-dopa was
Judging from the MPPdose-response toxicity less toxic to MDNSs in culture. This finding is
curve (Fig. 4), we determined that the 20%new. Based on our data, L-dopa treatment may
medium replacement with the < 10 kDa PD-have favorable effects not only on improving
CSF was equivalent in toxicity to 5 MPP"  symptoms but also on preventing MDN degen-
in this culture model. MPPis produced by eration.
MPTP oxygenated with monoamine oxidase-B, Our data and earlier observations imply that
whose inhibitor deprenyl improves parkin-somewhat neurotoxic factor(s) for MDNs exist
sonian symptoms in monkeys, and is regardeit the CSF of PD patients. Regarding the patho-
to delay the progression of PD (Choen et algenesis of PD, such neurotoxic factors might be
1985; Youngster et al., 1989). In in vitro ex-endogenous. Allelic associations in PD patients
periments, monoamine oxidase-B inhibitorwith cytochrome P-450 deprisoquine spulteine
selegiline increased the number of TH-positivegene(CYP2D6) (Smith et al., 1992; Kurth et al.,
neurons cultured in the < 10 kDa PD-CSF (Had 993; Sandy et al., 1996) and monoamine oxidase
et al., 1995a). Therefore, the neurotoxin in théKurth et al., 1993; Shoffner et al., 1998 ve
< 10 kDa PD-CSF may act like MPP been reported. CYP2D6 and monoamine oxi-

MPP* or MPTP has never been found indase are related to the degradation of MPTP and
vivo or from natural sources; however, MPTP-MPTP-like substances in vivo. It is possible
like neurotoxins such as 1,2,3,4-tetrahydrothat the abnormal metabolism of MPTP-like
isoquinoline (TIQ) have been found in thesubstances in vivo increases the concentration
human brain (Kohno et al., 1986; Niwa et al. of neurotoxins in the brain, and that it increases
1989; Ohta et al., 1987). An oxidation producthe risk of PD.
of TIQ by monoamine oxidase-B can damage The standardized microisland MDN culture
the mitochondrial respiratory functions andtechnique used in this study is useful and
cause neuronal death. Kotake and colleagugsomises further understanding of the patho-
(1995) reported that the administration of 1-genesis of PD. The toxicity of the < 10 kDa PD-
benzyl-TIQ, which has the same skeleton a€SF, which was confirmed in this study, should
TIQ, induced abnormal behavior in rats such abe related to the development of PD. Treatment
MPP* treatment, and a significantly highwith L-dopa may protect MDNs from degen-
concentration of 1-benzyl-TIQ was found in theeration. Further studies are necessary to clarify
CSF from PD patients. The toxic factor(s) inthe advantage of L-dopa therapy in PD progres-
the < 10 kDa PD-CSF might be TIQ or similarsion.
substances.

The CSF from patients with de novo PD
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dopa causes the down-regulation of dopamin@anuscr'pt'
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