4.5mm below the dural surface; at tooth bar position
0.0mm). The retroviral vecror solution was suctioned
through the 31-gauge injection needle into a Hamilton mi-
crosyringe (Hamilton, Reno, NV) just before injection, and
the trace viral solution on the surface of the needle was
wiped out to avoid contamination. The needle was slowly
placed into the targer, and the vector solution was ejected at
the rate of 1pl/min and was left steady for 5 minutes. Injec-
tion into the rat SN (AP, 5.3mm; ML, 2.4mm from bregma;
DV, 7. mm, at tooth bar position —4.0 mm) was made us-
ing a similar procedure, but the injection volume was 2ul.
To inject the vector into the area ventral to the midbrain
aqueduct of mice (AP, —3.5mm; from bregma; DV,
—3.5mm) and rats (AP, —5.3mm; from bregma; DV,
7.0mm from bregma), we angled the needle 15 degrees to
the right to avoid the sinus. To compare the labeling with
BrdU and retroviral vector, we injected some animals with
BrdU (50mg/kg IP) just after retroviral injection.

Hemi-Parkinsonian Model

To evaluate the effect of dopamine deprivation on one sec-
tion, we injected 1-methyl-4-phenylpyridinium salt into the
lefc medial forebrain bundle of rats.*® 1-Methyl-4-
phenylpyridinium salt solution (Spg/pl X 2ul) was injected
to the left (AP, —3.6mm; ML, 2.0mm; DV, —~7.6mm from
bregma) and 2l saline was injected into the right medial
forebrain bundle. A midbrain section of a hemi-parkinsonian
macaque monkey*”?® was stained for PSA. The monkey re-
ceived slow infusion of MPTP (4mg) into the left caudate
nucleus using an osmotic minipump and survived for 6
months after the infusion.

Brain Tissue Sections

Animals were deeply anesthetized with pentobarbital and
perfused transcardially with PBS followed by perfusion with
10mM phosphate-buffered 4% formaldehyde solution (pH
7.4). Brains were postfixed in the same fixative for 2 days
and allowed to sink in sucrose-PBS (30% sucrose in PBS
containing 0.05% sodium azide). The brain tissue was frozen
quickly in crushed dry-ice powder; coronal sections were
sliced 25um in thickness on a cryostat, and then stored in
sucrose-PBS at 4°C until use.

The site of injection and expression of GFP was con-
firmed, and only brains showing the location of the injection
were subjected to further studies. To identify the distribution
of GFP expression, we stained every sixth section with anti-
GFP antibody for light microscopy by streptavidin-biotin-
peroxidase complex (ABC) and 3,3-diaminobenzidine
(DAB). The remaining sections were subjected to double-
immunofluorescence staining of TH and a glial marker and
visualized using Cy3- and Cy5-conjugated secondary anti-
bodies. At least 12 sections rostral and 12 caudal to the cen-
ter of injection were stained and examined in each mouse.

Human brain tssue was obtained at Juntendo University
Hospital, with the full consent of the family at the time of
autopsy. The study protocol was approved by the Human
Ethics Review Committee of Juntendo University School of
Medicine. Midbrains of six patients with PD were studied,
and those of six other neurological diseases (one with Alzhei-
mer’s disease, one myasthenia gravis, one muscular dystro-

phy, one vascular parkinsonism, and two cerebral hemor-
rhage) were included as the disease controls. The hemisphere
of midbrain tissue was cut into blocks and fixed in buffered
4% formaldehyde solution for 2 days, and then moved to
sucrose PBS until sink. The blocks were sectioned in the
coronal plane (30m in thickness) by a cryostat and further
stored in sucrose PBS atr 4°C. Because some sections were
friable and easily torn off, human sections were incubated
overnight in buffered 4% formaldehyde solution before start-
ing immunostaining.

Double-Immunofluorescence Staining
The primary antibodies used in this study were anti-PSA
(clone 12E3 mouse IgM)24 at a working dilution of 1:500 to
1:2,000, goat anti-TH (1:2,000; Calbiochem, San Diego,
CA), rabbit anti-ionized calcium-binding adaptor protein
Iba-1 (1:2,000; Wako, Osaka, ]apan),31 rabbit anti-NG2 (1:
200; Chemicon, Temecula, CA),** rabbit anti—glial fibrillary
acidic protein (1:5,000; generous gift from Dr H. Akiyama,
Psychiatric Research Institute of Tokyo, Tokyo, Japan), rab-
bit anti-Pi class glutathione-S-transferase—pi (1:10,000;
MBL, Nagoya, Japan),®® rabbit anti-GFP (1:1,000, Chemi-
con), mouse anti—rat cd11b (1:200; clone OX-42, Immuno-
tech, Marseille, France), and rat anti-BrdU (1:400, clone
BU1/75; OBT, Oxford, United Kingdom). Secondary anti-
bodies of fluorescein isothiocyanate, Cy3, Cy5, or biotin-
conjugated donkey IgG of minimal cross-species grade (Jack-
son Laboratories, West Grove, PA) were used at 1:500
dilution. ‘Arexa-594—conjugated donkey anti-goat antibody
(Molecular Probes, Eugene, OR) was used in some cases.
Fluorescent microscopic staining was performed as de-
scribed previously”®*® with minor modifications. PBS with
0.05% Triton X-100 (Sigma) was used throughout the incu-
bation. Antibodies were diluted in blocking solution of 2%
block ace protein solution (Yukijirusi, Sapporo, Japan) in
PBS with 0.05% Triton X-100. All incubations were per-
formed at the room temperature, except for anti-BrdU,
which was incubated at 4°C. Free-floating sections stored in
sucrose PBS were rinsed with PBS and treated with chilled
methanol for 10 minutes at —20°C to improve permeability
of the antibodies. Then, the sections were incubated in
blocking solution for 1 hour followed by overnight incuba-
tion in the primary antibody diluted in the blocking solution
at room temperature, rinsed in PBS with 0.05% Triton
X-100, and then incubated in secondary antibodies. For
BrdU staining, the sections were first incubated in 2N HCl
(Wako) at 37°C for 30 minutes, neutralized with borate
buffer (100mM, pH 8.5) for 10 minutes and PBS for 10
minutes, and incubated in anti-BrdU overnight at 4°C, then
Cy3-conjugated anti-rat IgG for 1 hour. As HCI faded the
green fluorescence of GFP, the BrdU-stained sections were
further immunostained with anti-GFP and fluorescein iso-
thiocyanate—conjugated anti-rabbit IgG.

Immunobistochemistry for Light Microscopy by
Streptavidin-Biotin-Peroxidase Complex Method

For light microscopic examination, the tissue sections were
stained with elite avidin-biotin complex kit (Vector Labora-
tories, Burlingame, CA), DAB tablet (Sigma), and Ni-Cl so-
lution (Funakoshi, Tokyo, Japan), as described previous-
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26,34 - . . . .
1y**** with minor modifications. After treatment with the

primary antibodies, the sections were incubated in biotin-
conjugated secondary antibodies for 1 hour, and then treated
with 3% H,O, in 10% methanol for 10 minutes, treated
streptavidin-biotin-peroxidase complex for 1 hour, and visu-
alized with DAB solution for 10 minutes. To distinguish
neuromelanin from immunostaining, we added 0.0008%
NiCl to DAB solution in human midbrain sections.

Image Analysis and Quantification

The distribution of individual GFP-positive cells was plotted
on a brain map. Objects with autofluorescence were dis-
carded (Fig 1, I-M). GFP fluorescence possibly colocalized

with TH was recorded on the map and was further con-
firmed by confocal microscopy (model LSM510 laser scan-
ning microscope; Carl Zeiss Jena, Germany).

In the mouse study, double staining of TH was helpful to
determine the location in SN. In human sections, the area
with scattered neuromelanin was regarded as substantia nigra
pars compacta (SNc), and the area between SNc and the
cerebral peduncle was regarded as substantia nigra pars re-
ticulata (SNr). PSA-stained human brain sections were eval-
uated by an observer blinded to the study protocol. The lo-
cation of PSA-positive cells was plotted on 2 low-power
photograph of the section. The density of DAB staining of
PSA and TH of rat sections was determined using a proce-

Fig 1. Retroviral green fluorescent protein (GFP) transduction in rodent substantia nigra and lack of colocalization with tyrosine
hydroxylase (TH). (A) Low-power view of the injection site in a representative mouse 16 weeks after retroviral injection into the
substantia nigra (Sal2d16w). Immunostained with anti-GFP followed by 3,3-diaminobenzidine. Several GFP-positive cells are
present in the substantia nigra pars compacta (SNc), substantia nigra pars reticulata (SNr), and the cerebral peduncle. Aq = mid-
brain agueduct; Cp = cerebral peduncle; Hi = hippocampus. (B) SN of an intact mouse 2 days after retroviral injection. GEP-
positive cells (green) are present beside TH-positive cells (ved). Examples of the substantia nigra of (C) a mouse A2d4w and a (D)
rat-SN2w. (E) Injection site of an A7dAq4w mouse. Only one GFP-positive cell is present in this section. There are several TH-
positive cells (red), bur the GFP-cell is negative to TH. (F) Rat aqueduct area Rat-SN2d. (G) One GEP-positive cell (green) was
present ventral to the midbrain agueduct, but no such cells were present in the SN. (H) Low-power view of retroviral injection
close to the midbrain aqueduct of a Rat-SN2d rat. An adjacent section to that shown in G and the approximate location of the
cell in G is indicated with an asterisk. (I-M) Example of a false-positive image found in the SN of a C7d4w mouse. () The TH-
cell-like objecss at the lateral end of the SNc indicated by arrows exhibit green and red fluorescence and appear yellow in the
merged view. Three TH-positive cells on the. right (red) are indicated by arrowheads. (J, K) Serial confocal images show that these
two yellow figures in I are parts of one U-shaped object. (L, M) Nonlaser fluorescent view with red (L) and ultravioler (UV) (M)
Silters of the same object in I Blood vessels occasionally can cause autofluorescence and can be detected under UV excitation (M).
(A, F, H) Red lines indicate the position of the injection needle. Bars = 20um (B~G, I-M); 200um (A, H).

34 Annals of Neurology Vol 58 No 1 July 2005

-214-



dure similar to that described previously®® with LAS-1000
image analyzer (Fujifilm, Tokyo, Japan). The density unit of
the corpus callosum of each section was subtracted as the
background. Four coronal sections of the middle part of the
rat SN (approximately 5.0, 5.18, 5.36 and 5.54mm posterior
to bregma) were evaluated with densitometry.

Statistical Analysis

Cell colocalization data (Table 2) were analyzed by ¥? test.
Differences in the number of PSA-stained cells (see Fig 3)
was analyzed with two-tailed U-test and density ratio of
hemilesioned rat (see Fig 4) was analyzed by two-tailed
U-test. p << 0.05 denoted a statistically significant difference.

Results

Retroviral Expression of Green Fluorescent Protein in
Substantia Nigra
GFP was expressed in several cells around the injection
site of SN of mice and rats (see Fig 1A~D). Expression
of GFP was already evident 2 days after injection (see
Fig 1B) and lasted for at least 16 weeks (see Fig 1A).
The cell bodies of GFP-expressing cells were less than
10um in diameter and had several fine processes. Typ-
ical TH-positive cells were larger and had bipolar
shape. Coexpression of TH and GFP was not identi-
fied in mice treated with or without MPTP (see Tables
1 and 2). The results were similar in rats (see Fig 1D).

To study the possible migration of cells derived from
neural stem/progenitor cells that are located in the
periaqueductal area to SN, we injected the retroviral
vector in an area adjacent to the midbrain aqueduct in
mice (see Fig 1E) and rats (see Fig 1F, H). In mice, the
number of labeled cells was small even at the center of
the injection site (see Fig 1E), and no such cells were
observed in the SN. They were more frequent in rats
than in mice (see Fig 1F, H), but the distribution of
GPFP cells did not suggest their migration from the ag-
ueduct area in a ventral direction. A few GFP-labeled
cells were found in the ventral tegmental area (see Fig
1G), but none were identified in the SN.

Some autofluorescent objects were carefully dis-

carded. The example shown in Figure 11 exhibits green
and red fluorescence, but fine focusing on laser scan-
ning microscope showed the image was two parts of
one tubular structure (see Fig 1], K). Examination un-
der ultraviolet excitation light (see Fig 1M) was conve-
nient for detecting autofluorescence. After fine analysis
of morphology and autofluorescence, we could not
identify TH-immunostained, GFP-expressing cells.

Cell Typing of Proliferating Cells in

Substantia Nigra

These GFP-positive cells were characterized by staining
with glial markers (Fig 2; see Table 2). GFP was colo-
calized with marker molecules of microglia Iba-1,%! ol-
igodendrocyte precursor NG2,** and oligodendrocyte
(glutathione-S-transferase—pi, see Fig 2).%> The number
of GFP-labeled microglia was significantly larger than
other protocols in mice of the acute MPTP treatment
protocol 2 days before (see Table 2). This is consistent
with our earlier observation of microglial activation 2
days after acute MPTP treatment.”® The relative num-
ber of NG2 was reduced 2 days after MPTP and glu-
tathione-S-transferase—pi—positive cells were reduced in
all of MPTP treatments. Interestingly, no GFP-
expressing cells colocalized with glial fibrillary acidic
protein (see Fig 2C and Table 2).

To clarify whether the two labeling methods of DNA
duplication, BrdU and retroviral vector, label the same
cell population, we administered BrdU to some animals
after retroviral injection into the SN. The nuclei of some
GFP-labeled cells were BrdU-positive (see Fig 2F). The
twin cells shown in Figure 2F are probably just after cell
division. Both are retroviral vector- and BrdU-labeled
proliferating cells, but the morphology of the cell was
presented only by retroviral GFP expression.

Polysialic Acid Staining in Substantia Nigra of
Humans, Monkeys, and Rodents

In the hippocampus of rodents and human, young
neurons were immunostained with PSA (Fig 3A, C), as

Table 2. Number of GFP-Positive Cells Colocalized with Cell Typing Markers in the Ventral Tegmentum

Iba-1 NG2 GFAP GST-pi TH
Group n (microglia) {oligoprecursor) (astrocytes) (oligodendrocytes) (DA neurons)
Sal2d4w 4 2/23 12/24 0/19 5/28 0/94
A2d4w 4 94/197¢ 16/127* 0/130 5/137° 0/591
A7d4w 4 8/85 31/56 0/52 1/51° 0/244
C7d4w 3 9/73 40/74 0/70 3/88° 0/305

The number of total GFP-positive cells detected in the ventral tegmentum (SNc, SNr, Cp, and VTA) is the denominator and the number of
colocalized cells wich one of the cell type markers is the numerator. Sections were double-immunostained with tyrosine hydroxylase and a glial
marker, as shown in Figure 2. Two sections of each animal were stained, and the section closer to the center of retroviral injection was subjected
to quantitative analysis. Each value represents the total cell number in sections of three to four animals.

*p < 0.01; °» < 0.05, compared with the other groups, by x? test. Note the high colocalization of Iba-1 and low colocalization of NG2 in
group A2d4w.

GFP = green fluorescent protein
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Fig 2. Colocalization of markers with green fluovescent protein (GEP)~expressing cells in the substantia nigra. Nigral sections of
mice (A=D) and a rat (E) are immunostained with tyrosine hydroxylase (TH; blue) and a glial marker (ved). (A) Iba-1 staining of
an A2d4w mouse. Arrow indicates a GFP-positive microglial cell expressing Iba-1 antigen. (B) NG2 staining of an A7d4w mouse.
Arrows indicate GFEP-positive cells covered with NG2 antigen on the cell surface. (C) Glial fibrillary acidic protein (GFAP) stain-
ing of an A2d4w mouse. No expression of GFAP is present among GFEP-positive cells. (D) Glutathione-S-transferase~pi (GS T-pi)
staining of an A7d4w mouse. Arrow indicates GFP-positive oligodendrocyte expressing GST-pi. (E) OX-42 swaining of a Rar-SN2d
rat. Arrows indicate GFP-positive, microglia-expressing OX-42 antigen (CD116) on the cell surface. (F) Comparison of two label-
ing methods of proliferating cells. These cells are positive for both retroviral transduction of GFP and bromodeoxyuridine (BrdU)
incorporation to DNA and are probably just afier cell division. Fine morphology of these cells is clearly drawn by GFP, whereas
BrdU indicates only the nucleus. BrdU (50mglkg intraperitoneally) was administered afier local retroviral injection into the sub-
stantia nigra of a C7ddw mouse. This section was treated with HCl, followed by immunostaining with anti-BrdU and Cy3. The
section was further immunosained with anti-GFP and fluorescein isothiocyanate, because HC treatment reduced green fluorescence

of GFP protein. Bars = 20um.

reported previously.>*?*> PSA-positive cells were found
in the SN (see Fig 3B, D). Occasionally, PSA and TH
double-positive cells were found in the SN of rats (see
Fig 3B), although this was rare. There was considerable
variance in the frequency of PSA-positive cells in hu-
man SN. There was no difference in the number of
PSA-positive cells in the SNc (see Fig 3G) of patients
with different conditions, but some PD sections con-
tained many PSA-positive cells in the SNr (Fig 3H and
Table 3). The cell numbers in PD tended to be differ-
ent from those of disease control patients albeit insig-
nificantly (p < 0.06, two-tailed # test). No such dif-
ference was noted in the SNc¢, which could be because
of the dense PSA-positive fibers in the area just dorsal
to the SNec. Similar results were noted in the monkey
six months after MPTP infusion into the left caudate,
with less TH staining and larger number of PSA-
positive neurons in the ipsilateral SN (Fig 4).

Among the disease control cases, more than 100
PSA-positive melanized neurons were noted in the SNc¢
of one cerebral hemorrhage case. PSA staining of mel-
anized neurons was not often noted in the other brains.
This interesting case indicates that human SNc neu-
rons can express PSA in some conditions.
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In addition to these 12 samples of free-floating sec-
tions, paraffin-embedded sections of human midbrain
were also subjected to PSA immunostaining, but the
staining was poor and further analysis was performed
using only the floating sections. Staining for other in-
trinsic markers of neurogenesis was attempted, but
double cortin was not clear in the SN and nestin gave
intense staining of blood vessels but no staining of neu-
rons in the SN, although it was evident in the hip-
pocampus.

Human and monkey staining patterns of the SNr
showed increased PSA-positive cells, but the results
were not conclusive. The difference in the cell number
was not significant, and the human samples were un-
even about the cause of death and the midbrain level of
the section.

We also examined the changes in PSA immunostain-
ing after dopaminergic deprivation in rats. To evaluate
the changes in hemilesioned rats by quantitative and
objective measures, we compared the optic density of
PSA immunostaining in the left and right SNr. The
relative optic density of the lesioned SN to the intact
SN was determined in the same section. In rats 2
months after 1-methyl-4-phenylpyridinium salt injec-
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Fig 3. Polysialic acid (PSA)-positive cells in the substantia nigra. Sections of rats, a monkey, and humans are immunostained with
monoclonal anti-PSA (clone 12E3). (A, B) Double immunofiuorescence of PSA (green) and tyrosine hydroxylase (TH; red). (A) The
subgranular zone of the rar hippocampal dentate gyrus is rich in PSA-positive young neurons. (B) The medial area of the substantia
nigra of the rat. The surface of a substantia nigra pars compacta (SN¢) TH-positive cell is covered with PSA (arrow). (C, D) Im-
munostaining of human brain sections with anti-PSA and 3,3-diaminobenzidine. (C) Several cells of the subgranular zone of hu-
man hippocampus are PSA-positive (arrows). (D) Low-power view of human midbrain of a patient with Parkinson’s disease. The
area with melanin-containing newrons is regarded as SNe. PSA-positive fiber is dense in the area between SNc and red nucleus
(KN). PSA-positive cells and fibers are scattered in substantia nigra pars reticulata (SNr). CP = cerebral peduncle. (E, F) PSA-
positive cells in human substantia nigra (arrows). SNr of a control (E, muscular dystrophy) and Parkinson’s disease (F) brain. (G,
H) Number of PSA-positive cells in the SNe (G) and SNr (H) of human hemisphere sections. The average of duplicated counting
of each sample by blinded observer is shown. Some nigral samples of Parkinson’s disease showed the presence of large numbers of
PSA-positive cells especially in the SNr, although the difference from the control brains was not statistically significant (p < 0.06,
two-tailed t test). Scale bars = 20um (A-C, E, E); Imm (D). (C-F) Sections are counterstained with methyl green.

tion into the left medial forebrain bundle, TH staining
in the left SNc was reduced, whereas PSA staining in
the SNr was increased (see Fig 4).

Discussion

Retroviral labeling of proliferating cells in rodents in-
dicated lack of neurogenesis of TH-positive neurons
from proliferative stem cells in the SN. In contrast,
PSA-positive cells, candidates of newly differentiated
young neurons, were present in the SN and increased
in number after dopamine deprivation. Although we
first intended to analyze dopaminergic neurons in the
SNec, marked changes in PSA staining was detected in
nondopaminergic neurons in SNr. Although PSA im-
munoreactivity is not conclusive evidence of neurogen-
esis, the result suggests compensatory neuronal differ-
entiation from mitotically silent cells.

Retrovirally Green Fluorescent Protein—Labeled Cells
Did Not Differentiate into Dopaminergic Neurons

No GFP-positive cells after retroviral injection in the
SN were found to express TH. This result is in agree-
ment with some earlier studies'®'™'? but not with
one.'*> Double immunostaining in our study showed
that the increased proliferative cells were mainly micro-
glia, which was well in accordance with previous re-
ports.'*® We also tried retroviral injection in close
proximity to the midbrain aqueduct, but only a small
number of cells were labeled and no migration to SN
was observed. Because midbrain dopaminergic neurons
originally migrate from the neural tube during devel-
opment,36 and TH-positive neurons distribute along
the midline of the ventral tegmentum of adult ani-
mals,®” it is quite an attractive idea that this area sup-
plies dopaminergic neurons that ultimately migrate to
reach the SN.'” Local injection of a retroviral vector
can give conclusive evidence of migration because it
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Fig 4. Changes in polysialic acid (PSA)—positive cells in hemilesioned animals. Substantia nigra of hemi-parkinsonian model mon-
key (A, B, E, F) and rar (C, D, G, H) showed reduced tyrosine hydroxylase (TH; A-D) and increased PSA (E~H) immunostain-
ing. The substantia nigra of the monkey ipsilateral to I-methyl-4-phenyl-1,2,3,6-terrahydropyridine (Sigma, St. Louis, MO)—injected
caundate (B, F) and that of the rat ipsilateral to 1-methyl-4-phenylpyridinium salt (MPP* )=injected medial forebrain bundle (D,
H) are shown side by side to their respective contralateral sides (A, C, E, G). (I, ]) Six intact and six hemi-MPP* lesioned rats
were subjected to densitometric analysis, and the results are expressed as the ratio of staining density of MPP™ -injected side to the
saline-injected side. Each dot represents one animal, and the horizontal bars indicate the average of the group. Marked reduction

in TH (p < 0.01) and a slight increase in PSA (p < 0.01) immunostaining were detected in the MPP* -treated side (two-tailed

t test), whereas the ratio was almost even in the intacr rass. Scale bars = 500um (A, B); 1 00um (C-H).

can label the proliferating cells in a small area.'®**

However, unlike the migration from subventricular
zone (SVZ) to the olfactory bulb, the number of GFP-
labeled cells beside the aqueduct was small, especially
in mice. Because injection of the same retroviral solu-
tion into the dorsal striatum close to the lateral ventri-
cle succeeded in labeling a large number of neuronal
stem cells,”” the small number noted in our study is
not likely to be because of leakage of the viral solution
into the aqueduct. Our preliminary study showed nes-
tin, Ki67 immunostaining, and BrdU-positive nuclei
after the current method of BrdU-administration was
not evident around the midbrain aqueduct, whereas
marked staining of them was noted in SVZ of the lat-
eral ventricle (data not shown). These results suggest
that the aqueduct area is not likely the source of new
neurons in the adult midbrain,

Does Polysialic Acid in Substantia Nigra

Suggest Neurogenesis?

Many cells in the SNr in PD midbrain were PSA-
positive. Similar results were noted in the monkey and
six rats after dopaminergic deprivation in the left hemi-
sphere. In the hippocampus, PSA expresses on neurons
under plastic changes of synapses and newly generated
neurons.”* In the midbrain, it is unclear whether PSA
can be a marker of newly formed neurons.>® Despite
the negative results of retroviral labeling, it is possible
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that neurogenesis is present but undetectable by BrdU
or retroviral vector. Neurogenesis in SVZ is well doc-
umented®® and can be separated into three steps: pro-
liferation, migration, and neuronal differentiation.
BrdU and retroviral vector label DNA during its du-
plication. These methods have been effective in detect-
ing neurogenesis in SVZ and hippocampus, but they
are not direct markers of neuronal differentiation.
Neural progenitor cells may not necessarily differenti-
ate to neurons sequentially after cell proliferation. Ac-
tually, the cells start the final step of neuronal differ-
entiation a few days after they reach the olfactory bulb.

Immature cells that can differentiate into neurons in
vivo on transplantation into the hilar region of the hip-
pocampus have been isolated from the adult rat mid-
brain.'" It is unclear whether immature cells can dif-
ferentiate into neurons and express PSA without cell
division. In this study, most GFP-labeled cells were mi-
croglia and NG2-positive glial precursors (see Table 2),
which can recover the multipotency and differentiate
into neurons in certain environments.>>*® These pre-
cursor cells may start neuronal differentiation without
turther proliferation when more neurons are required
in the brain.

Regeneration of nigral neurons is still an artractive
therapeutic target in PD. It is not appropriate to give a
negative conclusion to this therapeutic possibility sim-
ply because the proliferative cells failed to differentiate



Table 3. Characteristics of Patients and Disease Controls

PSA-Positive

Dopa Cells®
Subject Age Duration Yahr Treatment —
(yr) Sex Diagnosis of Illness Stage (yr) SNc SNr
Control
81 M Cerebral infarction 6.0 0.0
63 M Myotonic muscu- 13.5 1.5
lar dystrophy
57 F Myasthenia gravis 21.0 2.5
77 M Cerebral hemor- 10.5 8.5
rhage
92 M Cerebral hemor- 99.5 11.0
rhage
67 F Alzheimer’s disease 4.0 11.5
Mean 72.8 25.8 5.8
SD 12.9 36.6 5.1
PD
85 F PD 13 5 13 7.5 0.0
77 M PD 7 4 7 5.0 8.5
74 F PD 8 4 8 8.5 17.0
69 F PD 9 4 7 33.0 28.0
62 M PD 13 3 13 33.0 38.5
70 M PD 16 4 16 14.5 55.5
Mean 72.8 16.9 24.6
SD 7.8 12.8° 20.4°

“The average of duplicate counting of each sample by blinded observer is shown. Data are aligned from top to bottom in the order of PSA cell

number in SNr.

bp < 0.05; and %p < 0.01, significant difference of distribution, F-test.

PSA = polysialic acid; SNc = substantia nigra pars compacta; SNr

Parkinson’s disease.

into dopaminergic neurons. Nigrostriatal dopaminergic
projection shows considerable recovery after MPTP
treatment of animals, and a small number of TH-
positive neurons appear in the SN after such treat-
ment.*""* We speculate that the PSA-TH double-
positive cells identified in this study represent newly
generated dopaminergic neurons in the adule SN. In
this regard, a recent study showed that dopaminergic
agonists stimulate neurogenesis in SVZ.** It has been
suggested that certain therapeutic agents currently in
use, such as selegiline, ropinirole, and pramipexole, can
slow the progress of the disease.***> Further studies are
warranted to examine the effects of these compounds
on neurogenesis in the midbrain.
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ated. Approximately 1 day after the initiation of the therapy, the
patient’s INO had almost disappeared, but marked unilateral con-
vergence palsy and subtle adduction palsy in his left eye remained
(fig. 2). He was discharged 4 days after admission, at which time
the intravenous antiplatelet therapy was changed to oral adminis-
tration of aspirin at 100 mg/day. Approximately 1 month after on-
set, the patient’s neuro-ophthalmological abnormalities had com-
pletely disappeared.

Discussion

Our patient showed unilateral INO together with convergence
palsy; the former improved within 24 h with antiplatelet therapy,
while the latter remained for approximately 1 month. Left INO
might have been caused by transient ischemia influencing the left

“medial longitudinal fasciculus (MLF), whereas left convergence
palsy could have been the result of a tiny midbrain infarction which
seemed to be out of the MLF on MRI scans. We believe that diffu-
sion-weighted imaging failed to reveal the infarction because its
spatial resolution was insufficient to depict this tiny lesion.

Recently, Kim [ 1] has reported the clinical profiles of 30 patients
who had INO as an isolated or predominant symptom of brainstem
infarction [2]. In his report, 12 of the 30 patients had both conver-
gence palsy and INO, and furthermore, 4 patients had those with-
out exotropia of the contralateral eye. All of these 4 patients without
exotropia had lesions in the midbrain or the isthmus, whereas some
of the patients who had both convergence palsy and INO together
with contralateral exotropia had lesions in the pons. Because con-
vergence palsy with contralateral exotropia may cause insufficient
vergence effort, it is suggested that the responsible lesions for con-
vergence palsy in patients with INO are located in the midbrain or
the isthmus, where the MLF may be part of the oculomotor com-
plex, However, the lesion in the present patient seemed to be out
of the MLF/oculomotor complex.

In both monkeys and humans, the cerebral cortical convergence
center (Brodmann’s areas 8, 18, 19 and 22) [5-8] projects into the
bilateral oculomotor nuclei (medial rectus motoneurons), and pri-
marily into the ipsilateral ones [5, 8]. This convergence pathway
shows partial decussation in the thalamotectal areas before it reach-
es the oculomotor nucleus in the midbrain [2]. Neurons involved
in vergence control (convergence neurons) have been found at 1-
2 mm dorsal and dorsolateral to the oculomotor nucleus [3-5], and
they receive bilateral input from the cortical convergence center.
Convergence neurons project into the medial rectus motoneurons,
which may have a selective function in vergence and which are lo-
cated in the dorsomedial and rostral portions of the oculomotor
nuclei [3].

The tiny dorsal midbrain infarction in our patient, which prob-
ably caused his convergence palsy, may not have been located on
the MLF but on the convergence pathway. This lesion may have
blocked the convergence pathway just before it reached the ipsilat-
eral oculomotor nucleus. The present case provides important data
for a greater understanding of the convergence pathway in hu-
mans.

References

I Kim JS: Internuclear ophthalmoplegia as an isolated or predominant
symptom of brainstem infarction. Neurology 2004;62:1491~1496.

2 Lindner K, Hitzenberger P, Drlicek M, Grisold W: Dissociated unilateral
convergence paralysis in a patient with thalamotectal haemorrhage. ] Neu-
rol Neurosurg Psychiatry 1992;55:731-733.

164

3 Leigh RJ, Zee DS: Vergence eye movements; in Leigh RJ, Zee DS (eds):
The Neurology of Eye Movements, ed 3. New York, Oxford University
Press, 1999, pp 286-318.

4 Mays LE: Neural control of vergence eye movements: convergence and

divergence neurons in midbrain, J Neurophysiol 1984;51:1091-1108.

Judge SJ, Cumming G: Neurons in the monkey midbrain with activity

related to vergence eye movement and accommodation. J Neurophysiol

1986;55:915-930.

Warwick R: The so-called nucleus of convergence. Brain 1955;78:92-

114. .

Jampel RS: Presentation of the near response on the cerebral cortex of the

macaque. Am J Ophthalmol 1959;48:573-582.

8 Ohtsuka K, Mackawa H, Takeda M, Ueda N, Chiba S: Accommodation
and convergence insufficiency with left middle cerebral artery occlusion.
Am J Ophthalmol 1988;106:60-64.

i

(=2}

~3

Shoichi Ito, MD, Department of Neurology
Graduate School of Medicine, Chiba University
1-8-1 Inohana, Chuo-ku, Chiba, 260-8670 (Japan)
Tel. +81 43 226 2126, Fax +81 43 226 2160
E-Mail sito@faculty.chiba-u.jp

Eur Neurol 2005;54:164~-166
DOL: 10.1159/000090108

Man-in-the-Barvel Syndrome Caused by
Bilateral Intratumoral Hemorrhage

Shunsuke Kobayashi?, Hirokazu Taniguchi®,
Shigeo Murayama®°, Masaki Sakurai®®, Ichiro Kanazawa®®

aDepartment of Neurology, Division of Neuroscience,
Graduate Schoo! of Medicine, University of Tokyo; ®National
Cancer Center Hospital, Diagnostic Pathology Division;
°Department of Neuropathology, Tokyo Metropolitan Institute
of Gerontology; 9Department of Physiology, Teikyo University
School of Medicine, and ®National Center of Neurology and
Psychiatry, Tokyo, Japan

Introduction

Motor areas corresponding to the bilateral lower extremities lie
adjacent on the medial side of the primary motor areas. Diplegia
of the lower extremities is known to be caused by mid-sagittal le-
sions, e.g. due to compression by meningioma. In contrast, the bi-
lateral brachial motor areas lay apart from each other on the lat-
eral side of the primary motor areas. Brachial diplegia produced by
a focal lesion in the cerebral cortex therefore is rare. Brachial diple-
gia, however, is known to be caused by systemic hypotension as a
result of border zone infarctions in the cerebral cortex. The term
‘man-in-the-barrel syndrome’ (MIB) was coined by J.P. Mohr to
describe brachial diplegia with intact motor function of the legs
because such patients look as if they were restricted in the barrel
[1]. To our knowledge, this article presents the first case of MIB
syndrome caused by intratumoral hemorrhage of symmetrical tu-
mors in the bilateral central gyri.
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Case Report

A 72-year-old man with no history of malignancy was evaluated
for progressive fatigue and arm weakness on both sides. He was a
long-term smoker. On examination by a neurologist, weakness was
detected bilaterally on the upper extremities, but there was no oth-
er detectable dysfunction of facial, extraocular, bulbar and lower
extremity muscles. Bilateral arm weakness continued to progress
over the next several days, and he was transferred to our hospital.
On admission, his blood pressure was 150/80 mm Hg, and his pulse
rate 110/min. His temperature was 36.4°C. The cervical lymph
nodes and supraclavicular lymph nodes were palpable bilaterally.
Rhonchi were heard in the right upper lung field. Neurological ex-
amination revealed an alert, fully oriented man with pupils equal-
ly reactive to light. He had ophthalmoplegia, mild bilateral facial
palsy, mild pseudobulbar palsy, and severe paresis of the bilateral
upper extremities. Leg motor function was intact on admission, but
moderate paresis of the left leg progressed in the following days.
Deep tendon reflexes were increased bilaterally. The left planter
response was extensor. His sensory system was found to be intact.
Blood cell counts were normal, except for elevated white-cell count
(13,500/mm?). There was no evidence of disseminated intravascu-
lar coagulation. A chest radiograph showed an opaque region in the
right upper lung field. Computed tomographic (CT) scanning of the
brain revealed high signal areas in the bilateral parietal regions.
Brain magnetic resonance imaging (MRI) showed symmetrical
round lesions bilaterally at the central gyri (fig. 1a, b). These lesions
had fluid-fluid levels, the upper layer giving a low signal on the T1-
weighted image (T1WTI; fig. 1a) and a high signal on the T2-weight-
ed image (T2WT, fig. 1b). The lower layer was iso-signal on T1WI
and low signal on T2WI. The surrounding wall showed enhance-
ment by Gd-DTPA (fig. 1a). Under the diagnosis of metastatic
brain tumors of lung origin, whole brain radiation was started. Fol-
low-up CT scans showed no change in tumor size or signs of brain
herniation. Consciousness disturbance progressed gradually, and
radiation therapy was stopped at 9 Gy in total. He died of cachex-
ia 27 days after the onset of symptoms. Autopsy results showed
pleomorphic carcinoma of the lung that had metastasized to the
systemic lymph nodes, liver, spleen, stomach, colon, and brain.
Most metastasis sites showed intratumoral hemorrhage. The bilat-
eral precentral gyri were filled with hematoma (fig. 2). There were
two other metastatic tumors in the bilateral ventral occipital lobes,
each was 5 mm in diameter. No evidence of lesion was found else-
where in the brain, most notably the brainstem was intact.

Discussion

The term MIB was proposed to describe the brachial diplegia
due to hypoperfusion in the cerebral cortex [1]. In some reports,
brachial diplegia produced by a lesion in the brainstem or spinal
cord is also called MIB. Strictly speaking, however, MIB should be
used only for brachial diplegia caused by a supratentorial lesion(s)
[2]. ‘Cruciate paralysis’ has been proposed to define brachial diple-
gia produced by a lesion in the pyramidal decussation [3], and ‘cen-
tral spinal cord syndrome’ for the brachial dominant paresis pro-
duced by a cervical spinal cord lesion [4]. In our case, initial man-
ifestation was pure brachial diplegia, which was produced by
tumors in the bilateral central gyri. In the later course, our patient
showed symptoms not characteristic of MIB, i.e. facial palsy, pseu-
dobulbar palsy, ophthalmoplegia, and unilateral leg paresis. They
can be explained by further involvement of cortical motor areas
(face motor area, the frontal eye field, and leg motor area, which

Short Reports

Fig. 1. Brain MRI one week after the onset of brachial diplegia. The
rim of the symmetrical round cyctic lesions was enhanced by Gd-
DTPA (a T1-weighted image). b T2-weighted image showed niveau
formation inside the cystic lesions.

Fig. 2. A coronal section of the brain through the lateral geniculate
bodies. Bilateral intracerebral hemorrhage was observed in the sub-
cortical white matter of the precentral gyri.

are lateral, rostral, and medial to the brachial motor area, respec-
tively) or their descending projection fibers, probably due to exten-
sion of tumors and surrounding edema. The fact that the right-side
tumor was closer to the medial wall than the left-side tumor (fig. 2)
is consistent with the asymmetric symptom of the left leg weak-
ness.

MIB is usually a consequence of watershed infarctions in the
brachial motor areas located in border zones between the anterior
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and middle cerebral artery territories. Typically, it occurs after car-
diopulmonary arrest, hypovolemic shock, an overdose of narcotics,
hypotension after myocardial infarction, or airway occlusion [1, 5].
In a prospective study of 28 patients who had systemic hypoten-
sion, 9 had MIB [6]. Moore and Humphrey reported a patient with
metastatic brain lymphoma who developed MIB after systemic hy-
potension during bronchoscopy [7]. In their case, the tumors may
have increased the susceptibility of the surrounding tissue to isch-
emia due to mechanical compression and tumor-surrounding ede-
ma, but the main cause of MIB appears to be border zone infarction.
In our patient, however, intratumoral hemorrhage was the main
cause of MIB. The reason why tumor metastasized symmetrically
around bilateral central gyri is unclear. Possibly carcinoma cells
had particular affinity for this area [8]. Another possibility is that
tumor metastases may also prefer the watershed areas; it was sug-
gested that tumoral microemboli tend to lodge in the capillaries of
the distal parts of the superficial arteries [9].

Brachial diplegia is a rare and unique symptom. Its origin, how-
ever, may vary, being the cerebral cortex, brainstem, spinal cord,
or peripheral nerve. Although most MIB cases are caused by in-
farcts in border zones between the anterior and middle cerebral
artery territories, nonischemic causes, such as tumor and hemor-
rhage, may also cause MIB.
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Introduction

Obsessive-compulsive disorder (OCD) is characterized by re-
current obsessions or compulsions that are severe enough to be time
consuming or cause marked distress or significant impairment. The
patient recognizes that the obsessions or compulsions are excessive
orunreasonable [1]. There have been several case studies of patients
with OCD-like disorders following brain damage [2-11]. Also,
there have been several studies using PET or SPECT and proposals
concerning the relationship between OCD and dysfunction of the
prefrontal-subcortical circuits [ 12~15]. However, it is still unknown
whether OCD is determined by dysfunction of a particular link
between specific brain regions within the prefrontal-subcortical
loop. We herein describe a patient who showed improvement of
long-standing OCD after the onset of left putaminal hemorrhage.
To our knowledge, this is the first report of a patient who showed
an improvement of OCD after brain damage and it provides evi-
dence that the lenticular nuclei have modulating influences on the
manifestation of OCD.

Case Report

The patient was a 58-year-old, right-handed man with a 21st-
grade education. From the age of 43, he had suffered OCD charac-
terized by contamination concerns with washing compulsions,
which he realized were excessive and unreasonable. From the age
of 55, he had been an outpatient of the department of psychiatry
in a municipal hospital. For 2 years, several kinds of antidepres-
sants, antipsychotic and antianxiety drugs were prescribed for his
OCD. However, these drugs were not effective and the psychiatrist
stopped prescribing these drugs. The patient also had hypertension
from the age of 50, which was not treated. The patient had sudden
onset of right hemiparesis and aphasia during washing compul-
sions, and was admitted to the department of neurosurgery of the
municipal hospital. Brain CT on the day of onset showed intracra-
nial hemorrhage centered on the left putamen probably due to long-
standing untreated hypertension. Approximately 1 week after the
stroke onset, his washing compulsions reappeared to a lesser degree.
One month after hemorrhage, the patient was admitted to the To-
hoku University Hospital for assessment and rehabilitation of right
hemiparesis and aphasia.

On admission, the patient was alert and oriented to time and
place. He was cooperative and not apathetic. General physical ex-
amination was unremarkable. The confrontation test revealed a
defect in the visual field of the rightmost side. Both pupils were
equal and round and reacted to light. Eye movement was full, with
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wmz, LEBREAZ RO, HREFENC, %3
P IR R 2L, RETRLR A1 U 2 5 R A
r— b 24/30, 1Q73 ¥ (WAIS-R VIQ77, PIQ74), /£
BAET (F 1.0, 7£0.2), REHICAEEELEN
RIER SN, i, THEREIIBEITE H§
JER SR, YRR ST 3 R CITHE, 45 Babinski
W2 RO 7, CT LEAKL GBI TH
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M1 ER, FEROMRY
Ring enhance %9,
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ElICEF A, BEEHWOABRZBDIET, AR
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4 fEHN, #Tring enhance® 2 U /= EB0I DBEHY
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PR R e e T TR T s
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D3,

THERDN Y = THot (R 7). BIBRESN
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SEARTGR 2 iR 44 R, M 13508 B
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T-BEE S E RO (K 8), MiEFLEA &
ZORBEEPLEIVEFLBOEEZ T L (X
9). MBFMIC, IO TAMEIY v BRE
a0, b kg - DNEcEb o7, BUK
TiE, AN Y oRBROIMNE R BT RERE LB S
VA= ZADFREZRD I, bR OMEE
b & wiimamiE % 58 (K 10), ) v 3Rz %
WAL, BCRTERRHENIERL, ZKomk

MfEsFE A E ke, Ty, R v
NEREMEHBOHBRLE VA -V AR
7o, JERESEIZZHE L, BRRHEDLE D EHCh -
7o, BRHECIEHEARIZRE - TR O RN
Z, BiANOERED) v SRREE2RD T,

3. fEMI3

FECRE 77 iAo, 51 ARG EIME ISR, 54 BERG
X ) RESIIRE A LIEYIR. oAtk oBgE
BEDIE L7, 68 MU, RISEHOEMIELE, TH
DB L LA 7 7 &, HOGREUE X D Behget Ji
ZEEbONT, 73K DB OL FRE L RN
HIRL, MnEEEL b, CT HRERE
feEhdok, TARICRYD, YThy, Hiof
N5 EHERPHEEL 2. MRENI, B
REEZRRAT—N 9B, G THETEE AP
MM BT M BRB, R ECAToE Sl Cne, Ul
TR - BREREILIZ-> 08T, HTIEHIE
DL K, BAREMEA % RO, MSEERInE
TP L, MEERE2ETL0 7. mlEsRo
SEAPAZE, 4 L/ANMEINRINEE, BBk - wSEh
MR % B 7o, HRIERT R IER9ER Do 7z,
76 1%, T BRI CURBUE & FE, TSR, 77
R, W & DM - PRI, RSB
Pell, MPRRAMEfTL, FETL 7,

PR 12 R0 20 47, BMEER 1,240 g, THEN
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EHICBELTYwS, FREOREIRMLIZ Y
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BRI =5 i% Behget IDFFEZ R L TV 5705,
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neuro-Behget disease. Abstract of 82th Kanto Neu-
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