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showed electrophysiological and behavioral properties
expected of neurons from the midbrain in a rat model
of PD (Chung et al., 2006; Kim et al., 2002; Rodriguez-
Gomez et al., 2007). Survival of DA neurons obtained
in vitro from primate ES cells was also reported in pri-
mate hosts (Sanchez-Pernaute et al., 2005; Takagi
et al., 2005), but the dopaminergic function of these
cells in the primate brain has not been fully evaluated.

Positron emission tomography (PET) is a valuable
method for imaging altered DA function in PD. The
most common tracer used to visualize and assess the
integrity of DA presynaptic systems is 6-['*Flfluoro-L-
4-dihydroxyphenylalanine ([!*F]FDOPA), a fluoro-
analog of 4-dihydroxyphenylalanine (r-dopa). How-
ever, uptake of this agent is increased in variable con-
ditions such as inflammation and tumor formation,
and assessment of graft function using only this
ligand is difficult. The present study therefore used
PET with multitracers to analyze both presynaptic
and postsynaptic dopaminergic functions and found
that transplantation of neural stem cells (NSCs)
induced from primate ES cells restored DA function
in a primate model of PD.

MATERIALS AND METHODS
Cell culture and differentiation

Astrocyte-conditioned medium (ACM) was prepared
by culturing astrocytes obtained from mouse fetal cere-
bra (Inoue et al., 1988) in DMEM/F12 medium (Invi-
trogen, Carlsbad, CA) containing N2 supplement (Invi-
trogen). The CMK6 cynomolgus monkey ES cell line
(Suemori et al., 2001) was seeded at a clonal density
and grown on a mitomycin C-treated mouse embryonic
fibroblast feeder layer in DMEM/F12 medium (Invi-
trogen) supplemented with 1000 U/ml leukemia inhibi-
tory factor (Chemicon, Temecula, CA), 1 mM B-mercap-
toethanol (Invitrogen), and 15% knockout serum
replacement (Invitrogen). Colonies of undifferentiated
ES cells with a diameter of 300-500 um and grown for
7-9 days were treated with 0.1% collagenase for 5 min
and then detached whole using a glass capillary. Colo-
nies were transferred to nonadhesive bacteriological
dishes in ACM supplemented with 20 ng/ml of
recombinant human fibroblast growth factor (FGF)-2
(R&D Systems, Minneapolis, MN) and 20 ng/ml of
recombinant epidermal growth factor (EGF) (R&D
Systems). Colonies were cultured for 10 days, giving
rise to floating spheres comprising numerous NSCs. To
stimulate proliferation, these spheres were plated onto
Matrigel-coated dishes and cultivated for up to 10 days
in Neurobasal medium (Invitrogen) supplemented
with 2% B-27 (Invitrogen), 20 ng/ml of FGF-2, and
20 ng/ml of EGF. To efficiently induce DA-synthesizing
neurons, the medium was replaced with ACM supple-
mented with 50 ng/ml of sonic hedgehog (Shh; R&D
Systems) 1 day before transplantation.
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Animals and neurotoxin treatment

All experiments were performed in full compliance
with the requirements of the institutional animal
care and use committee. Two cynomolgus monkeys
(Macaca fascicularis), M-1 and M-2, weighing 2.3-
2.5 kg were used for the cell therapy experiments.
The monkeys were housed under standard conditions
of humidity and dark/light cycles with ad libitum
access to food and water. To create bilateral striatal
lesions, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP, 0.2-0.4 mg/kg of free base; Sigma-Aldrich
Japan K.K., Tokyo, Japan) in phosphate-buffered sa-
line (PBS) was injected intravenously once per week
over a 4-month period until a stable parkinsonian
syndrome was observed. The total dose of MPTP
administered was 1.5 and 2.95 mg/kg. To avoid the
possibility of spontaneous recovery from the effects of
MPTP, which could mimic the behavioral effect of cell
transplantation, the monkeys were allowed to recover
for 2 months after the last MPTP treatment.

Transplantation procedures

All surgical procedures were performed in an asep-
tic environment with the monkeys under isoflurane
(1-2%) anesthesia. The head was placed in a stereo-
taxic device (Kopf Instruments, Tujunga, CA). Each
monkey received nine injections of NSCs derived from
cynomolgus monkey ES cells (M-1, 1 X 105 viable
cells; M-2, 2 x 107 viable cells) in three tracts in the
left putamen. NSCs were trypsinized and resus-
pended in 72 pl of ACM supplemented with Shh.
Eight microliters of NSC suspension was injected into
each of the nine points using a 50-pl Hamilton micro-
syringe fitted with a 26-gauge needle over a period of
5 min. The needle was left in place for an additional
3 min to prevent the loss of cells by backflow. As a
control, 25 pl of ACM supplemented with Shh was
injected into the right putamen. Stereotaxic coordi-
nates of injection sites in the putamen were: Track 1,
anterior 13.4 mm, lateral 12 mm, depth +19, 17,
15 mm from the midpoint of the ear bar; Track 2, an-
terior 16.4 mm, lateral 11.5 mm, depth +20, 18,
16 mm; and Track 3, anterior 18.1 mm, lateral 11
mm, depth +19, 17, 15 mm. From 3 days before sur-
gery, the monkeys received daily intramuscular injec-
tions of 0.5 mg/kg of the immunosuppressant FK506
(Astellas Pharmaceuticals, Osaka, Japan) diluted in
physiological saline. From 5 days after surgery, the
dose was reduced to 0.2 mg/kg for the rest of the ex-
perimental period.

PET

Magnetic resonance imaging (MRI) of both monkeys
was performed at the National Institute for Physio-
logical Sciences using a 3.0-T imager (Allegra; Sie-
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mens, Erlangen, Germany) under pentobarbital anes-
thesia. Stereotaxic coordinates of PET and MRI were
adjusted based on the orbitomeatal (OM) plane with a
specially designed head holder. Syntheses of [''C]-la-
beled-compounds have been described (Tsukada et al.,
2000a,b). Data were collected on a high-resolution
animal PET scanner (SHR-7700; Hamamatsu Pho-
tonics, Hamamatsu, Japan) with a transaxial resolu-
tion of 2.6 mm full-width at half-maximum and a cen-
ter-to-center distance of 3.6 mm (Watanabe et al.,
1997). The PET camera allowed 31 slices to be
recorded simultaneously. After fasting overnight, the
monkey under isoflurane anesthesia was secured to a
monkey head folder with stereotaxic coordinates
aligned parallel to the OM plane. Each of the [*C]-la-
beled compounds was delivered through a posterior
tibial vein cannula. PET with ["ClL-3,4-dihydroxy-
phenylalanine (L-[B-''C]DOPA), the precursor of DA
synthesis, and ['Clraclopride, a reversible Dy recep-
tor antagonist, were performed for a total of 64 min
with 6 time frames at 10 sec intervals and 12 time
frames at 1 min, followed by 16 time frames at 3 min.
PET with [YC]2B-carbomethoxy-3p-(4-fluorophenyl)-
tropane (['CJB-CFT) was performed with an addi-
tional 19 time frames at 3 min for a total of 91 min.
To measure DA release in the striatum indirectly in
vivo as reflected by reductions in DA receptor avail-
ability, ["'Clraclopride was injected through the can-
nula 30 min after administration of either 0.5 mg/kg
of amphetamine or saline. Time-activity curves of
each labeled compound in regions of interest chosen
from magnetic resonance images were obtained.

For quantification of in vivo binding of [1!Clraclopr-
ide and [ CIB-CFT, a kinetic 3-compartment analysis
method was applied as previously described (Huang
et al., 1986). The time-activity curves of plasma and
of each region were fitted to a 3-compartment model
using the least-squares method. Binding potentials of
[*'Clraclopride and ['C]B-CFT were calculated by
determining the ratio of the estimated k3 value (asso-
ciation rate) to the estimated %k, value (dissociation
rate). For quantification of L-[3-"'CIDOPA utilization
rate constant in the striatum of the monkey brain, a
graphical analysis method was applied to calculate
DA synthesis rate (k3) as described previously (Tsu-
kada et al., 2000a,b).

Behavioral assessment

Animals were clinically evaluated twice a week
using a primate parkinsonism rating scale (PPRS)
and activities were recorded on digital videotape. The
PPRS is based on the Unified Parkinson’s Disease
Rating Scale, but was developed specifically for non-
human primates (Jenner, 2000). On PPRS, scores
from 0 (normal) to 4 (maximal disability) are given
for each of the six following parkinsonian features:
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spatial hypokinesia in movements around the cage,
bradykinesia, manual dexterity of the right arm, man-
ual dexterity of the left arm, balance, and freezing.

Immunocyto- and immunohistochemistry

Cells cultured on coverslips were fixed with 4%
paraformaldehyde in 0.1 M PBS (pH 7.2) for 20 min
at 4°C. Cells were then treated with 10% normal
horse serum, 2% bovine albumin, and 0.2% Triton
X-100 in 0.1 M PBS (pH 7.2) for 20 min at room tem-
perature and incubated further in the presence of the
following antibodies separately: nestin (1:200, Chemi-
con); high-molecular-mass neurofilament protein (NF-
H) (1:500, Chemicon); glial fibrillary acidic protein
(GFAP) (1:200, Chemicon); O4 (1:200, Chemicon); ty-
rosine hydroxylase (TH) (1:500, Chemicon); aromatic
L-amino acid decarboxylase (AADC) (1:200, Sigma);
DA transporter (DAT) (1:200, Chemicon); choline ace-
tyl transferase (ChAT) (1:500 Chemicon); serotonin
(6HT) (1:1000, Sigma); and glutamic acid decarboxyl-
ase (GAD) (1:1000, Sigma). Cells were washed and
then incubated in Alexa Fluor 488- and Alexa Fluor
594-labeled secondary antibodies (1:200; Molecular
Probes, Eugene, OR). Cells were mounted in Vecta-
shield containing 4,6-diamidino-2-phenylindole (DAPI;
Vector Laboratories, Burlingame, CA) and analyzed
under a fluorescence microscope (Eclipse ES800;
Nikon, Tokyo, Japan) equipped with phase-contrast
optics or under a confocal laser-scanning microscope
(LSM 510; Carl Zeiss Microimaging Co., Tokyo,
Japan). Quantitative immunocytochemical data ob-
tained from 4 to 9 cultures are expressed as mean *
standard error of the mean.

Under deep anesthesia, monkeys were perfused
with 4% paraformaldehyde through the ascending
aorta. The brains were removed and cut into several
blocks 5-mm thick. These blocks were postfixed in the
same fixative, left for 3 days in PBS containing 30%
sucrose, and then cut on a cryostat into coronal sec-
tions 30-pm thick. Sections were treated with 0.3%
Hy0, for 15 min to inhibit endogenous peroxidase.
Sections were incubated at 4°C for 2 days in PBS con-
taining 0.3% Triton X-100 and primary antibodies
against mouse monoclonal anti-TH antibody (1:8000;
Immnostar, Hudson, WI). Next, sections were incu-
bated in Dbiotinylated antimouse immunoglobulin
(Ig)G (1:1000; Vector Laboratories) for 1 h at room
temperature, and finally in avidin-biotin-peroxidase
complex (1:50; Vector Laboratories) for 30 min at
room temperature. Peroxidase activity was revealed
in 50 mM Tris-HC1 buffer (pH 7.6) containing
0.0004% Hy0, and 0.01% 3,3'-diaminobenzidine-4HC1
(DAB) (all from Vector Laboratories). For immunoflu-
orescence staining, sections were incubated with
mouse monoclonal anti-TH antibody (1:800; Immnos-
tar), rabbit anti-5HT antibody (1:2500; Incstar,
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Stillwater, MN), or anti-Ki 67 antibody (1:200; Chemi-
con) followed by incubation with Alexa Fluor 594-con-
jugated goat antimouse IgG (1:1000; Molecular
Probes). Immunoreactivity was assessed and viewed
under confocal laser scanning microscopy (T'CS NT;
Leica Microsystems, Tokyo, Japan). We estimated TH-
immunoreactive (IR) cell counts in serial sections (ev-
ery 10th) under X63 magnification on a Zeiss micro-
scope equipped with a video camera.

RESULTS
Efficient induction of DA neurons in culture

A colony of undifferentiated ES cells formed
spheres with unique concentric stratiform structure
when cultivated in ACM supplemented with FGF-2
and EGF under free-floating conditions, as reported
previously (Nakayama et al, 2003, 2004). These
spheres displayed peripheral NSCs with a center of
proliferating ES cells. Subsequent culture on an adhe-
sive substrate formed circular clusters of cells from
which many nestin-positive NSCs migrated. After a
few passages, almost all cells expressed nestin (99.5% =+
0.5%) and only a few cells (<0.5%) expressed NF-H.
To examine differentiation properties in vitro, a small
fraction of NSCs were grown in ACM with Shh. After
5 days, cells in culture displayed a neuronal appear-
ance with long neuritis and became positive for NF-H
(99.5% + 0.5%). Cells were immunoreactive for nei-
ther antibody against the astrocyte marker GFAP nor
the antibody against oligodendrocyte protein O4 (data
not shown). Moreover, many (70% * 1%) NF-H-posi-
tive cells expressed DA neuronal markers such as
TH, AADC, and DAT (Fig. 1). Small proportions of
NF-H-positive cells expressed either 5HT (12.2% =
1.3%), ChAT (1.0% *+ 0.6%), or GAD (11.9% * 1.6%).

DA production is restored in the
grafted putamen

We used PET to assess nigrostriatal dopaminergic
function in MPTP-treated monkeys before and after
NSC implantation. MPTP-intoxicated monkeys dis-
played comprehensive loss of uptake for L-[3-*CIDO-
PA, a substrate for AADC, and [YCIR-CFT, a DA
transporter ligand, in both hemispheres of the brain
before transplantation, suggesting severe loss of DA
terminals (Figs. 2A and 2B). At 4 weeks postopera-
tively, we found increases in both L-[g-"'CIDOPA and
[MCIB-CFT uptake in the grafted putamen. Quantita-
tive analysis of scans at 4 weeks after implantation
revealed significant increases in both L-[3-"'CIDOPA
uptake (M-1, 41%; M-2, 61%) and [*'C]B-CFT uptake
(M-1, 33%; M-2, 36%) in the implanted striatum com-
pared with the control putamen (Figs. 2C and 2D).
The degree of decrease in striatal radioactivity from
[MClraclopride after amphetamine challenge in M-2
was significantly higher in the grafted putamen (16%)
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Fig. 1. Neurons derived from ES cells show markers of DA-syn-
thesizing cells. Dual labeling with antityrosine hydroxylase (TH)
and antiaromatic L-amino acid decarboxylase (AADC) antibodies
shows coexpression of dopamine (DA)-synthesizing enzymes in the
neurons. Dual labeling with anti-TH and anti-DA transporter (DAT)
antibodies indicates the DA phenotype. Scale bar: 50 pm.

than in the control putamen (0.6%), indicating
increased release of DA in the striatum (Fig. 3).

Behavioral recovery is modest

After chronic administration of MPTP, monkeys
developed bilateral parkinsonism manifested by a loss
of spontaneous motor activity, bradykinesia, impair-
ment of manual dexterity, tremor, and freezing. Par-
kinsonian features were stable for 2 months from the
last MPTP treatment. Three months after unilateral
cell transplantation into the putamen, both monkeys
showed modest behavioral improvements demon-
strated by both PPRS and systematic analysis of digi-
tal videotapes. Before MPTP treatment, both mon-
keys scored 0 on PPRS. After MPTP, but before im-
plantation, mean scores of four evaluations on the
PPRS were 14 for M-1 and 12 for M-2. At 12 weeks
after implantation, this score reduced to 11 and 10,
respectively. In M-2, the score remained constant dur-
ing the observation period until 6 months after im-
plantation. Regardless of on- or off-medication, no
dyskinesia was observed.

Grafted cells differentiate into TH-positive
cells in the brain

Histological assessment of brains was performed for
M-1 and M-2 at 3 and 6 months after implantation,
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Fig. 2. (A, B) PET images of .-[3-"*CIDOPA (A) and [*'C]B-CFT
(B) uptake in monkey M-1 before and after cell transplantation.
Four weeks after implantation, increased radionuclide uptake was
detected in the implanted putamen (arrows). (C, D) Graphic repre-
sentation of relative changes in signal strength over time in the

respectively. Many TH-IR cells, about 1000 in M-1
and 3000 in M-2, thrived in the grafted putamen
(Fig. 4). Less than 50 TH-IR cells were found in the
putamen on the side contralateral to the graft. A
small number of S5HT-IR cells was identified in the
grafted putamen (<5 cells). No TH-positive cells were
positive for the proliferation marker Ki-67. Hematox-
ylin and eosin staining showed no signs of teratoma-
like structures in the transplanted putamen.
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same animal, showing significant increases in L-[3-*CIDOPA utili-
zation (k3 value) (C) and [*'CIB-CFT binding potential (BP) (ky/ks
value) (D) in the implanted (left: open circles) putamen compared
with control (right: filled circles) putamen. Filled squares indicate
left to right ratio.

DISCUSSION

This study demonstrated with PET that engraft-
ment of NSCs derived from primate ES cells has the
capacity to restore DA function in a primate model of
PD. Transplantation of neural precursors has become
one of the key strategies for cell replacement in the
brain. To bypass the shortage of donor tissue, a wide
range of experimental approaches have been studied,
including proliferation of NSCs in vitro stimulated by
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Fig. 3. Drug-induced release of DA in the grafted striatum 12
weeks after transplantation in monkey M-2. After methamphet-
amine administration, [!Clraclopride binding in the implanted
putamen was significantly reduced compared with that in the con-
trol putamen. Each slice image after methamphetamine infusion
(middle row) was subtracted from a corresponding baseline image
(upper row). Subtraction images (lower row). The images of each col-
umn are in horizontal plane and same stereotaxic coordinates (mm)
from the orbitomeatal (OM) line. Arrows indicate the side of the
implant.

mitogen treatment, ex vivo introduction of growth
stimulating oncogenes, xenotransplantation, enhance-
ment of endogenous adult neurogenesis, and attempts
to recruit non-neural adult stem cells from other tis-
sues (Hall et al., 2007; Liu, 2008). However, in addi-
tion to the limited plasticity and slow propagation of
adult stem cells, continuous expression of oncogenes
or stimulation of mitogens raises question about the
long-term safety of these strategies. Of the various
candidate donor cells, ES cells are the most attractive
due to the characteristics of pluripotency and the
potential for unlimited self-renewal. Although human
ES cells seem promising for clinical applications, an
alternative model system based on ES cells derived
from nonhuman primates is necessary for preclinical
studies, including allogenic transplantation.

The present study used cynomolgus monkey ES
cells that resemble human ES cells but are distinct
from murine ES cells in terms of morphology, expres-
sion of surface markers and feeder- and leukemia in-
hibitory factor-dependence, among other factors (Sue-
mori et al., 2001). We have previously shown that
astrocyte-derived factors instruct mouse and primate
ES cells to differentiate into neurons quickly and effi-
ciently (Nakayama et al.,, 2003, 2004). This ACM
method is superior to previous methods in terms of
simplicity, efficiency, and productivity of neural differ-
entiation. The number of cells was increased 1000-
fold, along with differentiation from ES cells into
NSCs. NSCs can be highly purified without using ei-
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Fig. 4. TH-IR cells in the unilateral putamen of monkey M-1 at 3
months after cell implantation. (A) Restoration of TH-IR in the
implanted putamen (arrowhead) is not obvious at low magnification.
However, TH-IR neurons are apparent in dorsal (B) and ventral (C)
portions of the implanted putamen. Scale bar: 0.5 cm (A); 20 um (B, C).

ther magnetic- or fluorescence-activated cell sorting,
and incorporation of undifferentiated ES cells is virtu-
ally eliminated. Although low doses of undifferenti-
ated mouse ES cells transplanted into rat striatum
developed into fully differentiated DA neurons (Bjor-
klund et al., 2002), elimination of undifferentiated ES
cells is crucial for reducing the risk of tumor forma-
tion. Consistent with our previous observations,
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culture of NSCs derived from cynomolgus monkey ES
cells on an adhesive substrate in ACM exclusively
promoted differentiation into neurons.

Parkinsonian features were induced by intravenous
administration of MPTP over a period of several
months. MPTP causes slowly progressive loss of DA
neurons in the substantia nigra, resulting in primates
showing all the clinical signs of PD, including tremor,
rigidity, akinesia, and postural instability (Wichmann
and DeLong, 2003). We created bilateral striatal
lesions but implanted cells unilaterally, so one side
could serve as a control. Functional effects of the
graft were evaluated by comparing PET images of the
implanted putamen with those of the contralateral
putamen. PET can be used to assess DA function in
vivo (Brooks, 2004) by following increases in L-
[B-''CIDOPA uptake or [!CIB-CFT binding, which
are attributable to the expression of AADC and stor-
age of DA in the putamen and thus indicate graft sur-
vival and development of DA neurons. In addition,
functional DA release from the graft was demon-
strated by imaging D, receptor occupancy. Degrees of
decrease in striatal radioactivity of [1*Clraclopride af-
ter amphetamine challenge were significantly higher
in the grafted putamen. Based on microdialysis stud-
ies, a 1% change in striatal [*!Clraclopride binding
has been estimated to correspond to a >8% change in
synaptic DA levels (Breier et al., 1997). We identified
numercus TH neurons in the grafted putamen.
Although small populations of TH neurons may be
found in the primate striatum after creating lesions
of the nigrostriatal dopaminergic pathways, most are
located in the caudate and precommissural putamen
(Mazloom and Smith, 2006). The dramatic increase in
the number of TH-IR cells in the postcommissural
putamen suggests that these TH-IR cells were
derived from the graft and contributed to the restora-
tion of dopaminergic function.

Behavioral recovery was modest at 12 weeks after
implantation. More DA neurons and synaptic DA
release might be necessary for apparent behavioral re-
covery. Improving neuronal survival and increasing
axonal outgrowth would possibly improve the magni-
tude of the response to grafting. In this regard, the
combination of cell replacement and neuroprotective
strategies by gene delivery may be effective in pre-
venting the loss of endogenous and grafted NSCs.
Another possible explanation for incomplete behav-
ioral recovery is that functional integration of DA neu-
rons with the host circuitry may take place gradually.
PD patients with implanted fetal DA neurons show
continuous symptomatic improvements even after DA
storage capacity in the striatum (measured by L-
[B-''CIDOPA PET) and response to DA-releasing
agents has plateaued (Isacson et al., 2001; Piccini
et al., 2000). With bilateral implantation, further
amelioration of global parkinsonism (including
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enhanced spontaneous activity and improved balance)
would be expected, since only 20% of thalamic projec-
tions from the basal ganglia are crossed in monkeys
(Parent and Hazrati, 1995) and unilateral implanta-
tion would mainly affect contralateral limb movement.
Monkeys did not display dyskinesia with or without L-
dopa. This result supports previous observations that
functional DA grafts do not independently generate
abnormal DA responses (Bjorklund et al., 2002).

Given the recent successful isolation of nuclear-
transferred ES cell lines (Tabar et al., 2008), our find-
ings of efficient ES cell transplantation, expansion,
and differentiation into functional DA neurons in the
primate model have implications for ES cells as a do-
nor source for cell therapy against PD.
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Fig. 2 ImjE SPECT
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Fig. 3 B84 (DFS &)
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£9,

BBB i, MIME O, HicAEMR»E-THsEFED
NTWE LT, MoMm&E i tight junction3dH b,
pores 237¢ 4y, pinocytotic vesicle 34w s 2k
T, WEROWEBS R e EREbb L E2
SRHTWwET, —HoMERASH-7:0, tight junc-
tion 874 T, MEAD L DBHICHPT VL EEZ 51
TwA3bUTT, WMol BBBO#HWE Z 58KE
K> ThHDELT, B IEARRLORIKEH T,
Thrs b b CRREE, BERY, EflEE, wETE
RrusboBbH ¥,

GG BAET AL, 2 EFINL Zu—iKE
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Fig. o PIMEIREE (% : £EH)

BolBEIATIN, TOABEEOT Il F—v
AERBILTELA ST, R EIDENS I LTAH

bTTT,

Fig.8 1&, BBB OZLREHFLOTTH, 2Ty
FRETHRIPE ST, BETTy TNV —V2EL
TWwET, ZhiE, BF 5L BBBARWEOREE->T
glr#Hzongd, MEBLEAILTCT, wBIEEAZL
OBHNEDIREET, BoRKPF->TwT, 797
WY =rDERWEFREREEL CE T, ChEEH
TAHETE, REEDEFLRILS S, ABOET %
T7 i FEESEE s TwasbB T, 272, 20
BEZINALT TR, ABEETEEE LT S aA
FOBEPREZ LT, MEFEOHHUEEHTWS
A ZET, CIRASEHLTWENE I M, Th
Tlixbo D TRAN, THs7 S oA FEMESHL LY
TETCLBHEFRbMPY ET (Fig.9),

Tk, EBEBEHL w0850 EVI LT

T4, HEBEEZ THBEOET £ TF £ u A MR

BEoTwET, COWIEPALETE, 7304 P
BAED® - C, MU BAEHBOMRE S H D £ 325,
LEENTVLET, CORFEUAZE, AIRRLOEE
250 LHERAL, BHULT S oA Fg#ESAZ
FTOCAIEDE BEZHLZD T,

Fhns, TO@E-oLT7Ial P, HWEMEOM
fBERG TR, BOBPITLRALTAZET, Bk
WAVALHE 2> COLAREEEH S, 127L, 2
MM OES R TV E L,

FOSRUEFCIHIAEHBOETE ClEs 7
Tud RBEBACHTVUI LI BBASIT T
T SEOEOMOESZ, HMIBETECHE- T
TH, CTIREZHLTWIIILBIBALGNERAT
L7z, HifgEE ORI L B> TwE Lz,

RAY ME, COROPDEMO7 o4 FEbED

HRgEs% <, AA amyloidosis IZHAR B D & 5 71
YOBLRVLO T, HHERIIOE»PSHTEL DML L,
ZIWVI AW ZDEFEZTBD £ Lz,

[, R¥ BBBOH 3 &I B ICMENOIESH
T&p, EWIHIIETREVLVIArEBRVWES U ETT,

TFTA4AAhvay

Bl ThTl, HEEZEDTOLHETLL I,

il ERzBTAZMTORMSES 1A, 2hif
HEFrRIC B 2RO RIcB 3 2 880 % 1 44, dfirX
SE@DY ry A5 B BN

DFS @ CIBEOBAI I, b b KR T 8
OA REEES & 21T, AA &b, ApoE &%, associated
protein 40T, ZNHHML Y s 5> TL 2HAHRT
W3R THEEELITVET, HOBSTZISE
ThH, ZOHOEKMR, BRSHTEENE > Zb-
TepE LI ORI RS EBOATTRE, SO
Hixbo b RBRLULZUNERSRVALS RO
WSO, FLORFIOERICHT 258/MTT,

B IO BD, bRbh BT R G B
OFEE, 7 o4 Fred 2BRNEHIE T2,
WhWLEFED [gGL KN 3 20ETT. TH256, 73
U4 FIELLUEEET, 208 =732 T
BAREMDH D £ OT, L VW T 57201213,
ZHOVI RN ERE TR R T ILESD /- L E2Z
TBH 3,

e COARRBEMERZEBPAELDEBIT L
T s P12 1 watershed 2 ElCH WIBER H o Tem
I HLHLIE, BREBEO L SRR, Hiohk
MolebtwH T ETEALWVTL &9

BIE BV, WETELoRFELR, FECHLVE
i cle,

il BB GEIER T BB TV REEI,
FOESEFEHEHEN S HABEI, ERCEECYS
TwEFTTNRED, BALEZENRATLEIEL
FEEDRHEOTT, TEDLG, "Bl bwvnisS

WERHENR S DAY TR { T, Tsuperimpose L TW5

HEbpoRw ERBEANZIEIBNEYITREVWHE
Bogd,
FE T AAEVRGOTT S, tangle b ETH,
Fili LoD L tangle &3, ghost tangle I %
DY UILERAD, B2 I pre-tangle DR SHIRA T
LEVETL, tau DRBRABLE S BBV ET . &
VRAIVAVORELRATLEVE T,
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TTH»5, BlMSMbot:t &2, dRVEERT
fiiLzidhiEzeRne, BlbBZEITHET,

BE PHEECEURLILOTT, ZOERI,
BIEMED 2RO, ZOBRMOMER, 2L GRiD
FEBIC LR DB 7 I o/ PRTEELTVWET, B
FHAREDZ I, BIBHEEITI blood nerve barrier
BREOEFHOTH 72D TTH, FhiSEORRY,
HLOLESETLEEBH 2022 ERBSDTT
5, LHBTL x5,

RH REHEICIR, BE-oTETHVLLLRLEES
AT .Barrier 8553 TOEE, BT bHTHR
DR, DPNRTEE>TETVE WSO, KL
MERDOLOBHETEE -0, H2LIRFIOBET
BE-oOh, bhsiwOTY, £58%7 304 F—
Y ATH, barrier DH S IBE Y VADT,

Hill BREEIHCEL TR, 2{0ERIIBLT
BBBBHFELEZVEWS I L RIHMEINTHET, Th
BEBEZRNTE S WIS BERE L DOIMEBEROTT
nEH, 2EUT I oA F—-YADEZERI-FY M IT
351 O0BHAEENRTWLET,

BEMBERIN3 L clLTRI < bIoTLER
A, BIRCBP > TWBEIBI, Y505biindk
HEEBEhYPTvLwS32tidbv s,

1097

Fhpdnk, BROEEPRCBWT, gL
CHEFERL, ZO2ODRBLVIDN, bh LEHS
NTWETH, COEFATEBESHH L7 S u
FBEE>TWAALsHEVWLRLEESATT, #h %
HBETBWTWEEFIBZEHIBTWTT,

B < bBEERIETHE L T 2R A LS, IREHE I,
FECOTLILIEELBEDERATLR,

B £ffcRBRsE#EETH -, SR T amyloid
neuropathy & iEBAE hifERITT,

KR KBOME, Kifw@oERT, ThZh7 s
04 F—YRADFEX IFNIREHETEI LRI L
BHIGNTWVLETHS, ZOLThLDEMHEEWS 2 &
3k, BELLTRES LB RbITT, BK
DREFBEEFRESTLLIOBRL{br3, BE
RERIRZLBVET,

ES56H008L5TE0E L1,

(m

REEK

AXR B EIHH - R 5 —RBTEENR

hEl B ROPIREBRMENR

Zall & HRGIAFHETRESER LY 7 —-BE
2

il i ERBEERSFERE >y —

BRAIN and NERVE 61395 200049 A

- 120 -




49 : 560

RERIERE

B RiTEEI R IR HREEIC & D A2RY Gerstmann SERF -
AR B REL R LT 65 B MR

Rz OB BE B

FE OGRS WH R WEH

St

BE : ZhAHERSERGERIC LY, BEOEHLEAS (T8 Gerstmann (ERY) HXUHAIRMEREL
BERLA 65 B, HESENEHNEL A ERREFOLTLE - Bih - SRS TRE BROAN - X%
BEURMMICBRRMBEAEL ALY, TS MR TEHTEREORBIEEREBTEhE. RE23 A8
@ "21IMP SPECT (Singie photon emission computed tomography) T MRI A% % ¢ (C E ORI ORITEIAES
%, X5CARTHEEME @LE, AR BE, AMATORNMECORETFTEAEOE ChsORES
FLB Gerstmann ERES STHAREBUAMBRCIBAL TVILBRL,

(BRERADIE, 49 : 560—565, 2009)

Key words : ZEH I BEI S 4R6I%E, TLRMGerstmanniZ(REE, BERAERRILKH, AWBRMRALT

BUHI

B8 - KW - EARE - FHARO 4 OOEREFARCE
¥ 58$43 Gerstmann FERE L H S h, TOREMILIEAL
ERTHENZEGLE, AEMEZFLOATRS. LAL,
ERHEEMLZETH Gerstmann FEG#E 2 & 7= L 2SI HEG
ENTWAY, 37, MERERIEAMIRAERGETRT
EIARABERARCELLIL IR TV, ThEVLRT
BEERETE b AH5Y,

bhvbhid, EPRAEORRBEICL Y, A%, HRBEE
#RE ERTWS Gerstmann ERE (F£R) B UBEREYE
BHEELR LA sBEENEERLL.

= %

BE:6O® AS&BE

(R :AFOLUNR. bOOZRIMMTI 2V, B
%
BIMEE: 2004 ES AR ABREKRICAEFIC LA HT
L AALEDAORENTE 2o SR ERLTE
Y EBEANECh - B CEFORIMPMBIL 72k
E%SPL, ARCT 2R ALY, HBNRERDOA T
RORERBBEN Lo 12,

BHICRAEFORDRSE LY, SARIRRL TV
Lok ERBLL

IR BB, RCOEE, BICEBMAH Gh
7z,
BEAEEE : 60 2% b MMIEISH LIE® 7 5/ ¥V ¥ Img/H,
EIERMET 2 TREICH LAY Y ¥ 100mg/H 2 RMRHRT
Hole.

HEHE : RREREILHERPISR. 60 R CHRAOERL
LTS L HEMIC AL LOBEP - T, fikili, B
FEEREEP o7, ,

ARBSBIE : SEVRRIT RIFCIME 162/92mmHg, A%
72/min ¥. EFOBMBEHFEA TV, WHENICIIRILE
EOLHHETOASA RN o7, 8+5, 100-7 RO
HUANTEY, REOENIBONCHo 7. FAXThER
NOEBAIWRATLES LRILL. ARBFISTHXFOER
khdor=At, HfY, AM/PMOE ¥ 5202, HHOA
nEZ, FLEEXFEOLINZLAHEARTCHo /= (Fig.
1, EBY). $#B, ZAHSIPRAELTHIREEELRW]L
BT

HERBHOWWS BT L AN, BAR[ 2222 EE
AUTT 2V EHA TV, WEPRICRD & 60 2RE
B2, [B{oFVEIcAVAY MRBPATVET, LW
S BBV IBOBMBIRTRTHo 2. BIBURRICHL T
BOLTLEI RV B EEGSC LAY, SRR
BHEOhICERESh, KHEDS 4 TRBEREREY RN
LBrL.

ABR 0B MRI(Fig. 2) : ILBGAMER, T2 MAERIC
TEBHEARBCRB LABESR AR/ MRAT

*Corresponding author: E%Eﬂk‘-’?ﬁﬁ&ﬂéﬁﬁ?‘lﬂﬁm {(T329-0498 4R FEFligEMms 3311—1)
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Fig. 1 Patient's memo (diary).

There are many errors in the spelling (dysgraphia) such as
substation of PM for AM (circles). errors of spelling order
(large dotted circles). and non-understandable phases (small

dotted circles).

MBEVEIR ST Jei % 5L 22 65 i) 49 : 561

AR EIIR 13 & D DRER AT T - ZafiiiLsk
WE CRIFTH -7,
ABE M (Fig. 3) ¢
S0 BN 4 & LB A A
— L] u/f’Mfl;HmM; LB L, TN by o8
mg/day) ZMIGEL
AET BT %). 100-7, 8+5 & v il 2 dl4rAsC
F =Nk dfarv/oFarry] Luvo L 0wy
DEYHPRLRH 2]l R&EIHE [ ] Ll
WL E s s R (Fig 1, TED., AANCHSOAL

DERIRISSECH Y, HRIEDORIR L &
Wk L ETRE Y T
£ (60

DT ThENIREE 5 & ERE c:ﬁiﬁ&ﬁf AAB LU
HORBEWRESEL LRTENTE FAR I AR
shr

SEIE A HEE, AT VWD E91RD, 3+5 R o —§id

8+5 & Vo oEY LAY OB HILLIEY,
BLUHMINILICE

itk Lﬁ.z;,tn 5,
WB-THhEDHYTHEYDOH LTI X4,

Fig. 2

Brain MRI on the 1st hospital day.

(a) Diffusion weighted image. axial (TR 5200, TE 177), (b-c) T2 weighted images (b) axial (TR 5.380,
TE 118). (¢) coronal (TR 4,530, TE 101), (d) MR angiography (TR 420, TE 5.6).

There is a high intensity lesion in the posterior area of the middle frontal gyrus.

MR angiography showed that the left middle cerebral artery (MCA) wall is more irregular than the
right one. But both vessels are equally visible until the peripheral branch.
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acalculia ST s
HinHE
=
paragraphia 133 ¥ % E
erassietsteds SN Tomer
alexia r—‘\g B
—
&
aphasia r\
somatognosia SN
finger agnosia = —

I
Onset = T:day = 21*day 7% month

Fig. 3 Clinical course,

ol [HFoRIMBCIy PAIPATRET] EWolk
HHEXEOBELYICOVWTR, BE - VLN E AT A
FELBLWTHRTH o LEOBEA TR, AEIEBTE
TR b BRAETLEND D, & ISUH%TEOHMN
HWhols Tl TOBRRICBWTHFORELHRIETH
RESENTELRDSL

BrE2] Bk, 18435 LORY LNV OHHRLE, 4%3
BEOMIH, 9+3, 84 ¥—HoMVHIITELLIHC
Kofedf 12=7 LW BIESERCE b ol

B54E 22 H{= SLTA (Standard Language Test of Aphasia)
LHAT Lo, BRI L s, BHECIRRIEE M 9/20,
BEGSICLANITBATOE/10 EMEICETAA L0, OHK
G4 U725 B T 9/10, UL Lo BT 8/10, i o
%7 9/10, FEHBOHFOHET4/5 LBEOETIAL
bbb,

% 1E 23 H {2 WAIS-R (Wechsler adult intelligence scales-
revise)  H4T L, verbal1Q 91, performance IQ 85, total
Q87 Th-7:(Fig 4). MR ICHEIZR VWA, MR
1k, BREBEFERERRO TR EETH - /. KRPLFHROT
FRBEEBSXXVIBRICTHREARSER@A DA >TSS
bbb oK CERVEVSEREA LR,

F H #6547 L7 'PLIMP SPECT Cit, ZHRRIHAERLMCED
A ORISR, 6 CHEO TR/, &L
E) R KR hHET AR S h: (Fig.5).

RIETHABICWAISR 2 BRITF LA L CHLMBBICH
HraldH(Figd), L CBRERECOMRICHT 5HE
EBVWTRPHUECRELTED, CORMTERTRINE
LTwasboLiliLe, LaL, 53-7 13+12, 16%3,
84+4 R XOWAIERIOVWTRAZYVTEDLLIICELT
WA, 42+7MTERVWER LRIBLIMRRREL TV,

5 W
FEFNIENBIRERIC L Y BEOKRH, KFEEL, FiR

BRBAS) b RE R Gerstmann ERBEB L UHEER
EREAHEBLAENTH S, ChoEROBASHER

MEEHEER 49895 (2009: 9)

l+ 23 days after onset —8— 6 months after onset |

<

16
gh _

: i —
13*%3-4?_/ X A&a_
R IE L H
s §- (5] E E

Verbal Tests ] Performance Tests

Fig: 4 Results of WAIS-R examination.

The first examination was performed on 23 days after onset.
the total IQ being 87, verbal IQ 91 and performance IQ 85,
and the second one on 6 months after onset, the total IQ be-
ing 107, verbal IQ 105 and performance 1Q 106.

The second examination revealed prominent improvement
in comparison with the first, especially in' comprehension,
similarities and picture arrangement: But obvious improve-
ment could not be seen in arithmetic and object assembly.

AEBUAEEERORELRETS50THS, FITBV
TMRICRESh SR EPIHESHICREL T
2% RS v F 2 5 A (PLIMP SPECT) CTit MRIfRZE
RO ORI ORMFEARAMER, S SIS
MPETAHR ED SR T/, MRA CREZROFRIUN
CHHETE &7 8 ) 2 RANERBREL Mok, &
NSORBREPHRSHROBEICL Y, FHLEHER
SRATATHRE/EGRLE, M) N5 BRORER
Eh &M LA CHRIVRABEE (diaschisis)) ATRBE R R T 5
bOTHA.

45 oM ORE CIEIERBEERBERO
BETEAFRASIMICREL) AT LHEShTRVS
A REROEIICEBLERBFOTEEEL, Gerstmann
ERREDOEREALDLEANMSITIATHE Y, £
FERE L OTHE SN EEATSTICBEREOERN D
LLBRHEORENALDLRTWS, 2, ShbOEN
DS EBMBEE Y v FZILETHRELEOR2ATD
2905 WIhOEFATOREFICA LR ERRERE Y
Tt AR RIBIHESh T2 (Tablel).

chzCHESNTYS Gerstmann EERR L SR AHED)
0% ISP RENEHLTEY, Gerstmann ERERIC
BiFARY  RELEREOMIBICOVTRM Y PRIE
NIRRA L IRTWAY, BEREEALDEVVDLYS
[pure Gerstmann's syndrome] AAEENH LISk TE
TVAIMY EOHICRAERDISHREI 2 VENL &S
$h3,

FEGACOVWTH RENCBRREREEREERE L.
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FEsh S (SRR AT 2RI & ) R2H Gerstmann 4 GEHE - R THERIE S % B L 7: 65 M MEm)

49 : 563

Fig. 5 'PLIMP SPECT (3D-SSP) on the 231 hospital day.
Cerebral blood flow decreased in not only the infarction lesion but also the ipsilateral inferior parietal
lobe; cerebellar cortex and contralateral premotor area (arrows).

Table. 1 Reported cases of acalculia and aphasia due to left frontallobe injury (including Gerstmann syndrome)
(Zﬁt;‘igaéahg:": ;23{ Injury portion and origin | Acalculia Agraphia Aphasia g:;igr’:e?\ft
i o left frontal lobe-insula = [ F /transcortical over 16
Mabuchi Y. et al (1995) 55/M Finfarction + ++/kana > = kanji SeRsory months
Miyake Y, ct al (1997) 31/F ‘%Qﬂkﬁﬁ%%ﬁ; ++ | +/kana < kanji — 2 months
S left frontal lobe, partial +/transcortical over 13
Okazaki T. et al (1997) M parietal lobe/infaretion * tt motor months
A left middle frontal o |+ /transcortical over 7
Tohgi H, ct al (1995) 59/M gyrus/infarction + ++/kana > > kanji imotor wocks
left psoterior area of mid- 4
This case 65/M dle frontal ++ +/kana = kanji H tgzé:ssc(:)?ﬂrtxcal &‘;‘;’;ZS
gyrus/infarction Y

AR A M ATl R, TR L MR O RFR Ok
ETCELLEVDRTVAY, W THTHEE RN
THEEONBIMMETLECALOHELH Y, Col
AR E%T 5.

BIEFIO RS SELSIIC RGOSR ST Tw ATk
HAGECELLN, KEPALOLh R hokich i
HLTBY, UREHLL00RERTIAOENICHhARY
BEFLLD LR TVWEOT, LB LERTHS
rbokEZ A,

WA S R A RO E L CEER0
bl FHNIERLOBRR - E TEE, KREEEE Ea
Sh, ATHRKRECENOL 2 ET S ENOHEL HHY,
BB OTHESR & U CEMMBHROR 3 IE k&
wEllbh s, —F, REORBIEEEUIE Climm ARk
DELIEVHBMHRICME L LI EMWRERTE
D, KDEHRANEBI L)LV ERERZTCR
BRAEFHBE 2RO E LRGSR ERLEN T 5L %
ZHERTVAYW a8 o7 A Cl, SR EEN
HPLOADE L LICHHMEEB IR ZolZ 0N

MEMBRLET A LENHS. CORICEIOMBEST R
ECHAET -y T AT —0OlSHRE L ELICPREE
OREUFHE SR CWAY, bhbhoEMIsELES
Y HLErEoOMhLHATLES  JEFBLTEY,
TRV AEY - OREORIIE LRt Uikt
LEBITTE LW AEICAH SN ST RIS (6
Ll mmD, F AR ESEROWTAY, S5V N
HEOBELC L5020 FHIET 501 it KB oEER
e LOlgiBWIhonEtt b TETCE v,
SIEONCRSENELRT, XEZ20HOOBEREN
BEALL D bTIRBEEIENVRBHOARYEL, T2
ERTFOLN I LB ENALNL T e LTHR
BERERTCEEVEVWI EEERbAGH, BEZHO
SLTA CltleM o L2 HE CHRIEQIT A%, B
Lomg, ok hBRERL LD LR,
AFEFHC A SN LB RRE, ARG HOREEC
&) E AR A A5 THIFABCVWAZ8HBOR
MEREEaLbicdLemEirEzons. LML
AR, ORI X ARHEECIHEA—LF LN TCOR
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