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. ¥—U—FK: 1) 5l (fatty acids)

2) Hif{kt # I (antioxidant vitamins)
3) ERE CRP (C-reactive protein)

4) IfiJE (blood pressure)

5) &% (epidemiology)
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Adiponectin Replacement Therapy
Attenuates Myocardial Damage in
Leptin-deficient Mice with Viral
Myocarditis
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Kanazawa Medical University, Ishikawa, Japan; 3Second Department of Internal Medicine,
Gunma University School of Medicine, Gunma, Japan

The effects of adiponectin replacement
therapy on myocardial damage were
studied in leptin-deficient (OB) mice with
acute viral myocarditis. Encephalomyo-
carditis virus was injected intraperitoneally
into OB and wild-type (WT) mice. One
subgroup of OB mice received no
intervention and another subgroup
received daily adiponectin replacement,
simultaneously with viral inoculation.
Differences in heart weight, cardiac
histological score, numbers of infiltrating
or apoptotic cells in the myocardium and
the immunoreactivity of adiponectin
receptors in myocytes were determined.

Introduction

Several studies have reported an association
between leptin and
conditions such as hypertension and chronic
heart failure with cachexia. Reduced leptin
concentrations may diminish the degree of
cardiac adaptation in heart failure,! and
plasma leptin levels were inappropriately

cardiovascular

KEY WORDS: ADIPONECTIN; ‘VIRAL MYOCARDITIS; LEPTIN DEFICIENCY; MYOCARDIAL DAMAGE

The reactivity of adiponectin receptor 1
in myocytes from OB mice on day 4 and
day 8 after viral inoculation was
significantly decreased compared with
that in myocytes from WT mice; the OB
mice also had elevated cardiac weights
and severe inflammatory myocardial
damage. Adiponectin replacement in OB
mice inhibited the development of severe
myocarditis by augmenting myocyte
adiponectin receptor 1 reactivity. Exo-
genously administered adiponectin may
inhibit the progression of viral myocarditis
through binding to the adiponectin
receptor 1 in leptin-deficient conditions.

low in patients with cachectic chronic heart
failure.? We have recently found that leptin
deficiency enhanced myocardial necrosis
and lethality in a mouse model of viral
myocarditis. However, leptin replacement
inhibited the development of severe
myocarditis, suggesting a protective role for
leptin against myocyte damage,?® although
the mechanisms involved are unclear.
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Adiponectin, also known as adipocyte
complement-related protein of 30 kDa,* is a
cytokine secreted by adipocytes that has anti-
diabetic and anti-atherogenic effects.®
Concentrations of adiponectin in blood are
diminished in obesity, insulin resistance and
type 2 diabetes. The adiponectin gene and
the obese gene, which encodes leptin, show
several striking similarities in humans.® Both
genes are composed of three exons and have
a long first intron, and are expressed specific-
ally in adipose tissues.® Adiponectin and
leptin control fuel homeostasis, body weight
and insulin sensitivity. Amelioration of insulin
resistance, pancreatic B-cell degranulation
and diabetes after crossing leptin-deficient
mice with globular domain adiponectin
transgenic mice has been described, indicating
that globular adiponectin and leptin may
have overlapping functions.’ Thus, adiponectin
may also possess functions similar to those of
leptin in the development of heart failure.

In this study, we hypothesized that adipo-
nectin could play a protective role against
the progression of severe viral myocarditis in
leptin deficiency. We examined the effects of
adiponectin replacement therapy on myo-
cardial damage in leptin-deficient mice with
acute viral myocarditis.

Materials and methods

INFECTION PROTOCOL

Six-week-old female leptin-deficient ob/ob
mice and C57BL wild-type mice were
obtained from the Jackson Laboratory (Bar
Harbor, ME, USA). A myocarditic variant of
the encephalomyocarditis (EMC) virus was
obtained from Dr Y Seto (Keio University,
Tokyo, Japan). The viral preparations were
stored at —80°C in Eagle’s minimum essential
medium supplemented with 0.1% fetal
bovine serum. Ethical approval for this study
was obtained from the animal experimental
commiittee in Kanazawa Medical University.

All animals were treated in accordance with
the Kanazawa Medical University guidelines
for the care and use of laboratory animals.
All animals were inoculated intraperi-
toneally with 500 plaque-forming units of
EMC virus suspended in 0.1 ml of saline.

TREATMENT PROTOCOL

The leptin-deficient mice were randomly
assigned to one of two groups. The first
group did not receive interventional therapy
(OB group). The second group received daily
subcutaneous injections of recombinant
mouse full-length adiponectin (30 ng/g per
day, starting simultaneously with the EMC
virus injection) (OB + Adipo group).”

HISTOLOGICAL EXAMINATION OF
THE HEART
The mice were weighed and then killed by
cervical dislocation on either day 4 or day 8
after viral inoculation. Cardiac tissues were
immediately extracted, weighed, fixed in
10% buffered formalin and stained with
haematoxylin and eosin (H&E). Two
transverse sections of the ventricular
myocardium were assessed for the severity of
necrosis and mononuclear cell infiltration by
an experienced pathologist who had no
knowledge of the study design. Sections were
scored according to the following scale: 1,
lesions involving < 25% of the ventricular
myocardium; 2, lesions involving 25 - 50%
of the myocardium; 3, lesions involving 50 -
75% of the myocardium; and 4, lesions
involving > 75% of the myocardium. The
sections were also stained for myosin in order
to confirm the presence of myocyte necrosis.
Five high-power fields (HPFs) (magnifi-
cation x 400) were randomly selected from
each transverse section of the myocardium,
and the number of infiltrating cells counted.
The number of apoptotic cells per section in
these HPFs was also determined using in situ
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terminal deoxynucleotidyl transferase-
mediated deoxyuridine triphosphate nick-
end labelling, as described previously.®

IMMUNOREACTIVITY OF
ADIPONECTIN RECEPTORS IN
MYOCYTES

To examine the immunoreactivity of adipo-
nectin receptors 1 and 2 (AdipoRl and
AdipoR2), immunohistochemical staining
using a streptavidin biotin complex method
(K0675 and E0353, DAKO Cytomation Co. Ltd,
Kyoto, Japan) was performed on serial sections
of transverse ventricular myocardium from
different mice on day 4 or day 8 after viral
inoculation. The immunoreactivity of AdipoR1
and AdipoR2 in vessels and macrophages
from a normal wild-type mouse that had not
received viral inoculation or adiponectin
administration was used as a positive control.

Rabbit polyclonal anti-mouse AdipoR1
and AdipoR2 antibodies (ADIPOR11-A and
ADIPOR21-A, Alpha Diagnostic International
Inc., San Antonio, TX, USA) were applied at
a dilution of 1:50. Control slides were treated
with normal diluted rabbit serum.

The slides were blindly reviewed by the
same pathologist. The degree of adiponectin
receptor reactivity was assessed in 30
randomly selected myocytes corresponding
to surviving cells found on the respective
H&E and myosin-stained slides, and was semi-
quantitatively graded according to the degree
of immunoreactivity: 0, absence of staining;
1+, weak staining; 2+, moderate staining;
and 3+, strong staining.’ The slides were also
compared with the respective control slides
to exclude non-specific staining.

STATISTICAL ANALYSIS

Data were expressed as the mean + SD.
Analysis of variance was used to evaluate
differences in body and cardiac weights,
cardiac histological scores, numbers of

infiltrating or apoptotic cells in the
myocardium and immunoreactivity of
adiponectin receptors in myocytes between
the groups. A P-value < 0.05 was considered
to be statistically significant.

Results

Eight wild-type and 28 leptin-deficient mice
were inoculated with EMC virus. Eighteen of
the leptin-deficient mice did not receive inter-
ventional therapy (OB group); the remaining
10 leptin-deficient mice received daily
injections of adiponectin (OB + Adipo group).

Eight of the mice in the OB group died
from viral myocarditis during the study
protocol; there were no deaths in the wild-
type (WT) or OB + Adipo groups over the
same period. The numbers of mice killed on
day 4 and day 8 after viral inoculation were
four and four, respectively, in the WT group,
six and four, respectively, in the OB group,
and five and five, respectively, in the
OB + Adipo group.

BODY AND CARDIAC WEIGHTS

Body weights on days 0, 4 and 8 after viral
inoculation were significantly higher (P < 0.05)
in the OB and OB + Adipo groups than in the
WT group (Table 1). Cardiac weights in the
OB mice on day 8 after viral inoculation
were significantly increased (P < 0.05) com-
pared with those in the WT mice (Table 1).
There was no significant difference in cardiac
weight between the OB + Adipo group and
the WT group.

HISTOLOGICAL FINDINGS

The histological scores of myocardial
necrosis, and the numbers of infiltrating and
apoptotic cells per HPF, in hearts from the
different types of mice on day 4 and day 8
after viral inoculation are shown in Fig. 1.
Hearts from the OB group showed severe
myocardial necrosis and mononuclear cell
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TABLE 1: 5y

Body weight and cardiac weight after viral inoculation in various types of mice

Body weight (g) Cardiac weight (mg)
Type Day 0 Day 4 Day 8 Day 4 Day 8
WT 183+15 187+18 19115 96 £ 8 102+ 10
OB 37.5+2.4* 378+29* 384+3.1* 1037 127 £ 9*
OB + Adipo 37.8+22% 373+28% 356+39* 94+ 6 98 +12

WT, wild-type mice; OB, leptin-deficient ob/ob mice; OB + Adipo, OB mice receiving adiponectin.

Data are the mean + SD.
*P < 0.05 compared with WT mice.

infiltration. The histological scores, numbers
of infiltrating cells and numbers of apoptotic
cells were significantly higher (P < 0.05 for all)
in the OB group than in the WT group on
day 8 (Fig. 1). There were no significant differ-
ences in the histological scores or the number
of infiltrating or apoptotic cells between the
OB + Adipo group and the WT group.

IMMUNOREACTIVITY OF
ADIPONECTIN RECEPTORS

In the normal WT group, immunoreactivity
for AdipoR1 was found in the arterial walls
and immunoreactivity for AdipoR2 was found
in macrophages. The degrees of immuno-
reactivity for AdipoR1 and AdipoR2 in myo-
cytes from different mice on day 4 and day 8
are shown in Fig. 2. In the OB group, the
AdipoR1 in myocytes
significantly reduced (P < 0.05) compared
with reactivity observed in the WT group on
day 4 and day 8 (Fig. 2A), but the AdipoR1
reactivity was similar in the OB + Adipo
group and the WT group. There were no
significant differences in the immuno-
reactivity for AdipoR2 among the groups
(Fig. 2B).

reactivity was

Discussion

Circulating levels of leptin and adiponectin
are either undetectable or decreased in OB

mice.’® The protective role of adiponectin
against fatty liver diseases has recently been
demonstrated in non-alcoholic OB mice with
insulin resistance and dyslipidaemia.!
Replacement therapy with adiponectin could .
in part compensate for the absence of leptin
in terms of ameliorating hepatomegaly and
steatosis and decreasing serum alanine
aminotransferase levels,!! although such
therapy would not alter the primary
aetiology. Injection of adiponectin has also
been reported to elevate insulin sensitivity
and alleviate hyperlipidaemia.!’ Consistent
with these findings, adiponectin adminis-
tration to OB mice receiving EMC viral
inoculation in the present study was found to
protect the OB mice from inflammatory
myocardial damage.

Complementary DNA encoding the two
adiponectin receptors AdipoR1 and AdipoR2,
which are distantly related to the family of
seven-transmembrane spanning G protein-
coupled receptors, has been cloned.!?
AdipoR1 and AdipoR2 are expressed
ubiquitously in most organs, with AdipoR1
being especially expressed in skeletal muscle
and AdipoR2 in liver.!? Pancreatic B-cells
have also been shown to express adiponectin
receptors in a cell culture system.!® These
receptors have transmembrane
domains and activate signalling molecules

seven
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FIGURE 1: Results of histological examination of myocardial sections. (A) Histological
scores, (B) numbers of infiltrating cells and (C) numbers of apoptotic cells in different
types of mice on day 4 and day 8 after viral inoculation. Data are expressed as the
mean + SD. WT, wild-type mice; OB, leptin-deficient ob/ob mice; OB + Adipo, OB
mice receiving subcutaneous administration of mouse adiponectin (30 pg/g daily,
starting simultaneously with viral inoculation). *P < 0.05 compared with WT group
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Degrees of immunoreactivity of
adiponectin receptor 1 in myocytes
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FIGURE 2: Degrees of immunoreactivity of adiponectin receptor 1 (A) or adiponectin
receptor 2 (B) in myocytes from different types of mice on day 4 and day 8 after viral
inoculation. Data are expressed as the mean + SD. WT, wild-type mice; OB, leptin-
deficient ob/ob mice; OB + Adipo, OB mice receiving subcutaneous administration of
mouse adiponectin (30 pg/g daily, starting simultaneously with viral inoculation).

n=4 n=4n=>5
8

such as peroxisome proliferator-activated
receptor-o, adenosine monophosphate-
activated protein kinase, and mitogen-
activated  protein  kinase.!?  Possible
alterations to adiponectin utilization in the

coronary artery and/or heart have been
described in type 2 diabetic patients
compared with non-diabetic patients based
on the transcardiac gradient of adiponectin
levels from aortic root to coronary sinus.'*
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One mechanism of impaired transcardiac
utilization of adiponectin in subjects with
diabetes seems to be a decreased receptor-
binding ability of adiponectin in the cardiac
myocytes.!* Interestingly, in the present
study we found decreased AdipoR1 immuno-
reactivity in damaged myocytes from OB
mice with viral myocarditis, and adiponectin
replacement therapy in OB mice led to
recovery of the suppressed AdipoR1 reactivity.
These results indicate that adiponectin may
act through binding to the AdipoR1, leading
to protection against the progression of
myocardial inflammation.

In summary, we determined the effects of

adiponectin replacement therapy on
myocardial damage in OB mice with viral
myocarditis. There was significantly

decreased reactivity of AdipoR1 in damaged
myocytes from OB mice on day 4 and day 8
after viral inoculation compared with that in
myocytes from WT mice, together with
elevated cardiac weights and severe
inflammatory myocardial damage. Replace-

ment of adiponectin in the OB mice inhibited
the development of severe myocarditis
through augmentation of the AdipoR1
reactivity in the injured myocytes. Our data
suggest that exogenously administered
adiponectin may inhibit the progression of
viral myocarditis through binding to the
AdipoR1 in leptin-deficient conditions.
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This study determined the presence of
adiponectin, T-cadherin (an adiponectin
receptor) and tumour necrosis factor-o
(INF-a) in damaged myocytes from
autopsied patients with acute or old myo-
cardial infarction (MI) or dilated cardio-
myopathy (DCM), using immunohisto-
chemical staining. The enrolled patients
included eight with acute MlI, six with old
MI and seven with DCM. Four autopsied
individuals with no cardiac lesions were
also enrolled as controls. Adiponectin and
TNF-a were not observed in normal
myocytes from control subjects, but

T-cadherin was weakly detected. Immuno-
reactivity for adiponectin and T-cadherin
was observed at the periphery of damaged
myocytes from MI and DCM patients;
intracellular reactivity for TNF-a was
also seen. There were no statistically
significant differences in the degree of
reactivity for each molecule in the
myocytes between the MI and DCM
patients. These results suggest that the
presence of adiponectin and TNF-a in
damaged myocytes may contribute to the
processes of myocardial injury occurring
in MI and DCM.

KEY WORDS: MYOCARDIAL INFARCTION; DILATED CARDIOMYOPATHY; ADIPONECTIN;

; T-CADHERIN; TUMOUR NECROSIS FACTOR-0.

Introduction

Adiponectin, which is also known as
adipocyte complement-related protein of
30 kDa,! is a hormone secreted by adipocytes
that acts as an anti-diabetic and anti-
atherogenic cytokine.? It has structural
homology to the protein Clqg, and is found
in the serum as three distinct oligomers:
a trimer, a hexamer and a high
molecular  weight (HMW)  species.?
Concentrations of adiponectin in blood are

decreased in obesity, insulin resistance
and type II diabetes.! Adiponectin
administration has been reported to lower
glucose and improve insulin resistance in
mice,* whereas adiponectin-deficient mice
develop insulin resistance and diabetes.’
This effect of adiponectin appears to be
mediated by an elevation in fatty acid
oxidation through activation of adenosine
monophosphate-activated protein kinase®
and peroxisome proliferator-activated
receptor-o..?
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Cadherins comprise a large family of cell-
surface proteins involved in calcium-mediated
cell—cell interactions and signalling. T-cadherin
was initially described in the central nervous
system, but its tissue distribution is more
widespread; the highest expression is found
in the cardiovascular system, with low levels
in muscle. In the vasculature, T-cadherin is
localized to the intima and media and is
expressed on endothelial and smooth muscle
cells. Expression was shown to be upregulated
in the neointima of mouse carotid artery after
injury caused by a balloon catheter.” Inter-
estingly, T-cadherin has recently been reported
to be a receptor for the hexameric and HMW
forms of adiponectin; this was demonstrated
using a series of expression-cloning studies
with panned infected cells on recombinant
adiponectin linked to magnetic beads.®

Heart failure is generally considered to
begin with myocyte damage caused by a
variety of pathological conditions, including
ischaemia, toxins and myocardial infection.
The heart compensates by dilatation and
cellular hypertrophy, and eventually decom-
pensates, leading to heart failure. The pro-
inflammatory cytokine tumour necrosis
factor-o. (INF-o) has been postulated to be
one of the pathogenetic factors responsible
for the progression from compensated to
decompensated heart failure.® Yokoyama and
colleagues® demonstrated that the non-failing
human heart does not express TNF-o, whereas
the failing human heart expresses significant
amounts of this cytokine. Moreover, TNF-ou
immediately inhibits contractility of isolated
cardiac myocytes in a dose-dependent manner;
this negative inotropic action is completely
reversible upon removal of TNF-o.10

In the light of these different findings, we
hypothesized that adiponectin, its receptor
T-cadherin and TNF-a may contribute to the
processes of myocardial injury. In this study,
the presence or absence of adiponectin,

T-cadherin and TNF-o in damaged myocytes
obtained from autopsied patients with acute
or old myocardial infarction (MI) or dilated
cardiomyopathy (DCM) was determined
using immunohistochemical staining. In
addition, we analysed differences in the
degree of reactivity for each molecule in the
myocardium between the two groups.

Patients and methods

PATIENTS

Patients with a confirmed histopathological
diagnosis of acute or old MI or a diagnosis of
DCM, in whom autopsy examinations were
performed in the Department of Clinical
Pathology, Kanazawa Medical University
Hospital, Ishikawa, Japan, between 1984
and 2004, were randomly selected for
inclusion in the study. Autopsied cases from
the same period with no cardiac lesions of
any kind were also enrolled as normal
controls. All individuals were autopsied
within 6 h of death. Ethical approval from
our institution was not needed, since written
consent for each autopsy examination was
obtained from each patient’s family members.

PREPARATION OF SPECIMENS

In the controls, normal myocardial tissue
and surrounding pericardial tissue were
dissected from the left ventricle and
ventricular septum. In individuals with MI or
DCM, the myocardial lesion and surrounding
pericardium were dissected in the same
manner. Specimens were fixed with 10%
neutral buffered formaldehyde and embedded
in paraffin, and thin sections were treated with
haematoxylin and eosin and Azan-Mallory
staining. Based on the histopathological
findings, each MI lesion was staged as
follows: stage 1, early MI; stage 11, established
myocardial necrosis; stage III, macrophage
infiltration; stage IV, granulation formation;
stage V, scar formation.!!
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IMMUNOHISTOCHEMICAL STAINING
Immunohistochemical staining was per-
formed on subserial transverse ventricular
myocardium and pericardium paraffin
sections, using a streptavidin biotin complex
method (KO675 or E0466, Dako Cytomation
Co. Ltd, Kyoto, Japan). The following
primary antibodies were used: rabbit poly-
clonal anti-human adiponectin antibody at
a dilution of 1:500 (AB3784P, Chemicon
International Inc., Temecula, CA, USA);
rabbit polyclonal anti-human T-cadherin
antibody at a dilution of 1:200 (sc-7940,
Santa Cruz Biotechnology Inc., Santa Cruz,
CA, USA); and goat polyclonal anti-human
TNF-a antibody at a dilution of 1:500
(RC210, Dako Cytomation). The immuno-
staining was visualized by treating the slides
with 3,3'-diaminobezidine tetrahydrochloride
and counterstaining with haematoxylin.
Negative control slides were treated with
normal diluted rabbit or goat serum. For
each slide, an area containing approx-
imately 50 myocytes corresponding to the
damaged areas found on haematoxylin and
eosin and Azan-Mallory staining was
blindly reviewed by a pathologist and
semiquantitatively graded according to the
degree of immunoreactivity for adiponectin,
T-cadherin and TNF-o: O, no staining; 1+,
focal staining; 2+, diffuse weak staining; 3+,
diffuse moderate staining; 4+, diffuse strong
staining.!> The slides were also compared
with the respective negative control slides to
exclude non-specific staining.

STATISTICAL ANALYSIS

Differences in the degree of immuno-
reactivity for each molecule in the damaged
myocytes between the MI and the
DCM group were analysed using the
Mann-Whitney U-test. A P-value of
< 0.05 was considered to be statistically
significant.

Results

PATIENT CHARACTERISTICS

Fourteen patients with a confirmed histo-
pathological diagnosis of acute (n = 8) or old
(n =6) MI, seven patients with DCM and four
controls were included in the study. Of the
14 patients with MI, nine were male and
five were female. On histopathological exam-
ination, two were stage I, three were stage I,
three were stage IlI, four were stage IV and
two were stage V. The mean age of the MI
patients was 74.9 + 14.1 years (range 36 —
88 years). Of the seven patients with DCM,
five were male and two were female, and the
mean age was 51.4 + 24.5 years (range 17 -
76 years). Of the four control patients
without cardiac lesions, three were male and
one was female, and the mean age was
55.0 £ 21.0 years (range 33 - 78 years). The
main histopathological diagnoses at autopsy
for the control subjects were subarachnoid
haemorrhage, acute leukaemia, liver
cirrhosis and pancreatic cancer, respectively.

IMMUNOREACTIVITY IN NORMAL
CARDIOMYOCYTES

Adiponectin and TNF-a were not seen in non-
damaged myocytes obtained from the four
control subijects, but positive reactivity for
adiponectin was observed in pericardial adipo-
cytes. T-cadherin was weakly detected in normal
myocytes and the surrounding vessel walls.

IMMUNOREACTIVITY IN DAMAGED

CARDIOMYOCYTES

Moderate to strong immunoreactivity for
adiponectin was seen at the periphery of
injured myocytes from MI and DCM patients
(Fig. 1). There was also weak to moderate
reactivity for T-cadherin at the periphery of
damaged myocytes (Fig. 2). In addition,
moderate to strong intracellular reactivity
for TNF-o was seen in the myoeytes (Fig. 3).
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FIGURE 1: Photomicrograph showing moderate to strong adiponectin reactivity
(arrows) in autopsy myocardial specimens from patients with myocardial infarction
(M) or dilated cardiomyopathy (DCM). x 75
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FIGURE 2: Photomicrograph showing weak to moderate T-cadherin reactivity
(arrows) in autopsy myocardial specimens from patients with myocardial infarction
(M) or dilated cardiomyopathy (DCM). x 75
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FIGURE 3: Photomicrograph showing moderate to strong intracellular tumour
necrosis factor-ou reactivity (arrows) in autopsy myocardial specimens from patients
with myocardial infarction (MI) or dilated cardiomyopathy (DCM). x 75
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The degrees of reactivity for each molecule
in the damaged myocytes from individuals
with MI or DCM are shown in Fig. 4. There
were no statistically significant differences
between the two patient groups.

Discussion

High plasma adiponectin concentrations
were associated with a lower risk of MI
during 6 years of follow-up in a nested
case-control study among 18225 male
participants aged 40 - 75 years.!® Possible
utilization of adiponectin in the coronary
artery and/or heart has been described for
non-diabetic patients based on a trans-
cardiac gradient of adiponectin levels
from aortic root to coronary sinus.} It is
interesting that immunostaining for
adiponectin was observed at the periphery of
damaged cardiomyocytes in lesions at the
granulative stage obtained from autopsied
hearts with infarction.!> In another

immunohistochemical analysis, the
boundaries of mouse hepatocytes were
positive for adiponectin after 3 — 6 h of
carbon tetrachloride treatment, and the
cytoplasm was intensely stained after 18 h of
treatment.'® The authors suggested that
adiponectin was produced by the damaged
hepatocytes, and undergoes tissue damage-
induced transcriptional regulation.!® In the
present study, adiponectin was seen in
damaged myocytes from both DCM and MI
patients, suggesting that the adipose tissue-
specific cytokine adiponectin may have
important implications for the processes of
myocardial damage.

The adiponectin receptors AdipoR1 and
AdipoR2 are expressed ubiquitously in most
organs, but in particular AdipoR1 is found in
skeletal muscle and AdipoR2 in liver.!
Complementary DNA for these receptors has
been cloned, and they have been shown to
be distantly related to the family of seven-

Degree of immunoreactivity
N
1

E M ODCM

Adiponectin

T-cadherin

FIGURE 4: Degrees of immunoreactivity for adiponectin, T-cadherin and tumour
necrosis factor-a. in damaged myocytes obtained from 14 autopsied patients with
myocardial infarction (MI) or dilated cardiomyopathy (DCM)

Tumour.necrosis
factor-o.
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transmembrane-spanning G protein-coupled
receptors.!” However, these receptors have an
inverted topology with an intracellular
N terminus, unlike other seven-trans-
membrane spanning receptors.? In addition,
the extracellular portion of these molecules
is small, which is distinct from the members
of this class of receptors that bind peptide
hormone.? T-cadherin, a glycosylphosphat-
idylinositol-anchored extracellular protein,
has been shown to be a novel receptor for the
hexameric and HMW forms of adiponectin.®
In the present study, both T-cadherin and
adiponectin were seen in damaged
myocardial cells from autopsied MI or DCM
patients. This indicates that damaged
cardiac cells may possess an adiponectin
autocrine system, which leads to protection
against the progression of myocardial injury.
TNF-o expression was also observed in the
damaged myocytes from subjects with DCM
and MI using immunohistochemical staining
as previously demonstrated.” We found
cytoplasmic or perinuclear distribution of

TNF-a expression in the damaged myocytes,
and peripheral distribution of adiponectin
expression in the injured cells.

In conclusion, the results of the present
study suggest that the presence of
adiponectin and TNF-o in damaged
myocytes may contribute to the processes
of myocardial injury occurring in MI and
DCM.
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We aimed to determine if there were any
clinical features that were significantly
associated with the circulating concen-
tration of soluble leptin receptor (OB-Re) in
67 Japanese subjects with diabetes mellitus.
The characteristics evaluated included age,
height, body weight, body mass index (BMI),
systolic and diastolic blood pressure,
duration of diabetes, haemoglobin A,. and
blood lipid concentrations, urinary albumin
excretion rate, circulating concentrations of
leptin, tumour necrosis factor-a (INF-w),
TINF-a receptor 1 and genotypes of the

angiotensin-converting enzyme (ACE) gene.
We found statistically significant negative
correlations between circulating OB-Re
concentration and body weight, BMI,
diastolic blood pressure, concentrations of
leptin and TNF-a receptor 1. Serum OB-Re
concentration was not associated with any
of the other clinical characteristics that were
measured, or with the different ACE
genotypes. Our results suggest that OB-Re
might have an important influence on the
biological activity of leptin in diabetic
subjects.

KEY WORDS SOLUBLE LEPTIN RECEPTOR LerTIN; BODY MASS INDEX; DIASTOLIC BLOOD PRESSURE;

SOLUBLE TUMOUR NECROSIS FACTOR-o¢ RECEPTOR 1

Introduction

Leptin is an adipocyte-specific hormone of
167 amino acids that derives its name from
the Greek ‘leptos’, meaning ‘thinness’.! In
ob/ob mice, the gene encoding leptin is
mutated, resulting in morbid obesity and
related conditions, including hyperphagia,
hypothermia, diabetes and infertility. Leptin
is produced and secreted in response to
eating, and acts on the central nervous
system to inhibit feeding in animals. This
adipocytokine has been shown to play a role
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in regulating body fat, energy expenditure
and metabolism of glucose and lipids.?
Circulating leptin concentrations correlate
well with body weight, body mass index
(BMI) and body adiposity,® especially in
obese individuals and in women.*

The leptin receptor (OB-R) is a member
of the cytokine receptor family.> OB-R is
encoded by the diabetes (db) gene, mutation
of which also results in morbid obesity and
other abnormalities similar to those
observed in ob/ob mice. This receptor is

alternatively spliced into at least five



N Kotajima, T Takahashi, H Ito et al.

Factors associated with soluble leptin receptor in diabetes

transcripts from a single gene. These
transcripts encode proteins that have been
designated the long (OB-Rb), short (OB-Ra, ¢
and d), and soluble (OB-Re) forms of the
leptin receptor. OB-Rb plays an essential role
in mediating leptin’s weight-reducing and
other biological effects.® OB-Re is capable of
binding leptin at a ratio of 1:1,7 and it
has been postulated that OB-Re forms
approximately 10% of the leptin-binding
proteins found in human serum samples.?
Observational and interventional studies
in humans have recently shown that
circulating OB-Re concentration is regulated
by gender, adiposity, sex steroids and leptin,?
but clinical reports regarding OB-Re in
patients with diabetes are rare.

We aimed to determine if there was
any significant association between the
concentration of OB-Re and age, height,
body weight, BMI, systolic and diastolic
blood pressure, duration of disorder,
haemoglobin A,. and blood lipid concen-
trations, urinary albumin excretion rate,
and circulating concentrations of leptin,
tumour necrosis factor-o. (INF-o), and TNF-a
receptor 1 in Japanese subjects with diabetes
mellitus. We also aimed to determine if there
was any correlation between OB-Re
concentration and an insertion/deletion
(I/D) polymorphism in intron 16 of the
angiotensin-converting enzyme (ACE) gene
(17923).

Patients and methods

PATIENTS

Subjects with diabetes mellitus who visited
Gunma University Hospital and received
conventional treatment in 2000 were
voluntarily enrolled into this study. The
treatment that they received aimed to
maintain haemoglobin A, levels < 7.0%
and blood pressure < 140/90 mmHg. Subjects
were requested to maintain appropriate
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levels of exercise and to adhere to the
recommended diet. They were instructed not
to take any over-the-counter medications
during the study.

The study protocol was approved by
the Institutional Committee of Gunma
University Hospital, and informed written
consent was obtained from all subjects.

CLINICAL AND LABORATORY
ASSESSMENTS

Age, height, body weight, BMI, duration of
diabetes, and systolic and diastolic blood
pressure were recorded for each subject.

Blood samples were taken from each
person’s right cubital vein when they
attended the clinic for their other
assessments (detailed above). Serum was
separated by centrifugation and stored at
-80°C until analysed.

Haemoglobin A,. concentration and
urine concentration of albumin were
measured using high-performance liquid
chromatography and radioimmunoassay,
respectively, as routine analyses in the
clinical biochemistry department of the
University Hospital. The urinary albumin
excretion rate was calculated using timed
overnight urine samples. Serum concen-
trations of triglyceride (TG), total cholesterol,
high-density lipoprotein (HDL) cholesterol,
and remnant-like lipoprotein (RLP) cholesterol
were measured using standard laboratory
methods.

Serum concentrations of leptin (ng/ml)
were measured by a radioimmunoenzymatic
assay using a commercially available kit
(LINCO Research, St Louis, MO, USA). The
intra- and inter-assay variations were 4.98%
and 4.5%, respectively, and the limit of
sensitivity was 0.5 ng/ml. Serum OB-Re
concentration (U/ml) was measured using a
commercially available enzyme-linked
immunosorbent assay (ELISA; BioVendor



N Kotajima, T Takahashi, H Ito et al.

Factors associated with soluble leptin receptor in diabetes

Laboratory Medicine, Brno, Czech Republic),
with a sensitivity of 0.4 pl (or 0.8 ng/ml) and
an intra-assay coefficient of variation (CV)
of 39 - 5.6% for 169 - 69.5 U/ml. The
measurement of TNF-a concentration (pg/ml)
was performed with an ELISA (Pharmingen,
San Diego, CA, USA). The intra- and inter-
assay CVs were < 5.8% and < 13.8%,
respectively, and the limit of sensitivity was
4 pg/ml. An immunoenzymometric assay
was used to determine the concentration of
soluble TNF-a receptor 1 (pg/ml) in sera
(BioSource, Fleunes, Belgium). The minimum
detectable concentration was estimated to be
50 pg/ml, and the intra- and inter-assay CVs
were < 6.5% and < 8.9%, respectively.

GENE ANALYSIS

Genomic DNA was extracted by standard
phenol-chloroform methods from peripheral
blood collected on ethylene-diamine-tetra-
acetic acid. Polymerase chain reaction (PCR)
was performed to detect the two ACE I/D
alleles. The polymorphic region in intron 16
of the ACE gene was amplified using
primers, and PCR-cycling conditions were as
described previously.?® Two PCR products, a
190 bp fragment (D allele) and a 490 bp
fragment (I allele), were separated by
agarose gel electrophoresis. Each sample
that was found to have the DD genotype was
subjected to a second PCR amplification with
an insertion-specific primer.

STATISTICAL ANALYSES

Correlation coefficients between serum OB-Re
concentration and the clinical characteristics
of age, height, body weight, BMI, systolic and
diastolic blood pressure, duration of diabetes,
haemoglobin A,. and blood lipid concen-
trations, urinary albumin excretion rate, and
circulating concentrations of leptin, TNF-a,
and soluble TNF-o receptor 1 were analysed by
linear regression analysis. The differences in
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the mean OB-Re concentration among patients
with various ACE genotypes were determined
using one-way analysis of variance.

A P-value of < 0.05 was considered to be
statistically significant.

Results

Sixty-seven subjects enrolled in this study;
two subjects with type 1 diabetes mellitus and
65 subjects with type 2 diabetes mellitus. The
study participants had a mean age (+ SD) of
59 + 19 years (range: 29 - 82 years), and the
male to female ratio was 0.86:1. Around half
of the diabetic subjects (33; 49.3%) had the
IT genotype of the ACE gene compared with
11 subjects (16.4%) with the DD genotype
and 23 subjects (34.3%) with the ID genotype.

Table 1 shows the results of the coefficient
of correlation analyses that were carried out
between serum OB-Re concentration and the
clinical characteristics of age, height, body
weight, BMI, systolic and diastolic blood
pressure, duration of diabetes, haemoglobin
A, and blood lipid concentrations, urinary
albumin excretion rate, and circulating
concentrations of leptin, TNF-a and soluble
TNF-o receptor 1. We observed statistically
significant negative correlations between
circulating OB-Re concentration and body
weight, BMI, diastolic blood pressure,
concentration of leptin, and soluble TNF-o
receptor 1 concentration. There was no
association between OB-Re concentration
and any of the other characteristics
evaluated in this study.

No significant difference was observed in
mean OB-Re concentration among the
groups of subjects with different ACE

genotypes (Fig. 1).
Discussion

Several studies have recently described the
relationship between OB-Re and body
weight. Weight loss has been shown to
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TABLE 1: : : '
Results.of the coefﬁaent of correlatuon analyses performed between serum soluble

leptin receptor (OB-Re) concentratlon and the clinical characteristics of the study

participants (n =67) -

Coefficient value

Clinical characteristics P-value
Age (y) -0.133 NS
Height (cm) -0.110 NS
Body weight (kg) -0.256 0.036
Body mass index (kg/m?) -0.285 0.019
Duration of diabetes (y) 0.006 NS
Systolic blood pressure (mmHg) -0.239 NS
Diastolic blood pressure (mmHg) -0.272 0.026
Haemoglobin A, (%) 0.076 NS
Urinary albumin excretion rate (ug/min) 0.002 NS
Triglyceride (mg/dl) -0.211 NS
Total cholesterol (mg/dl) -0.147 NS
HDL cholesterol (mg/dl) 0.033 NS
RLP cholesterol (mg/dl) -0.161 NS
Leptin (ng/ml) -0.263 0.018
Tumour necrosis factor-o. (pg/ml) 0.039 NS
Soluble tumour necrosis factor-o. receptor 1 (pg/ml) -0.241 0.048
HDL, high density lipoprotein; RLP, remnant-like lipoprotein.

increase OB-Re concentration,'! and obesity a novel, independent risk factor for

was reported to be associated with
decreasing concentration of circulating OB-
Re in humans.!? Consistent with these
findings, we found a significant negative
correlation between serum OB-Re concentra-
tions and body weight and BMI in subjects
with diabetes.

Leptin concentration is associated with
several indicators of the metabolic
syndrome, such as plasma triglyceride and
apolipoprotein B concentrations, and with
systolic blood pressure, independent of BMI
and glucose disposal rate.!3 Plasma leptin
concentration was also demonstrated to be
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cardiovascular disease in a large prospective
study.!* There was no correlation between
circulating OB-Re concentration and blood
lipids (TG, total cholesterol, HDL cholesterol,
RLP cholesterol) in our study, but OB-Re
concentration was found to be negatively
associated with diastolic blood pressure.
Further study is needed to evaluate whether
OB-Re concentrations correlate with a risk of
cardiovascular disease in a large number of
individuals with diabetes.

Monteleone et al.’® reported that significant
inverse correlations were demonstrated
between plasma concentrations of leptin and
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FIGURE 1: Mean soluble leptin receptor concentration and angiotensin-converting
enzyme genotype found in the 67 subjects with diabetes mellitus who enrolled in this study
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those of OB-Re in patients with conditions
within the eating disorder spectrum
(anorexia nervosa, bulimia nervosa and
binge-eating disorder). In our study, OB-Re
concentration was also negatively correlated
with leptin concentration in subjects with
diabetes. Plasma soluble TNF-o receptor 1 con-
centration was shown to be correlated with
leptin concentration and BMI in normal
weight and overweight individuals.!”
Interestingly, for the first time, we demon-
strated that an inverse correlation exists
between the circulating concentration of
soluble TNF-o receptor 1 and OB-Re in
subjects with diabetes.

In summary, we aimed to determine if
any clinical characteristics were associated
with serum OB-Re concentration in 67
Japanese subjects with diabetes. We observed
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significant inverse correlations between
circulating OB-Re concentration and body
weight, BMI, diastolic blood pressure,
concentrations of leptin and TNF-o receptor
1. There was no association between OB-Re
concentration and any of the other

characteristics measured: age, height,
systolic blood pressure, duration of disease,
haemoglobin A, and blood lipid

concentrations, urinary albumin excretion
rate and the circulating concentration of
TNF-o.. No association was found with the
ACE genotypes either, despite a report that
the D allele polymorphism is a potent risk
factor for developing microalbuminuria in
patients with type 2 diabetes.’® Our results
suggest that OB-Re might have an influence
on the biological activity of leptin in subjects
with diabetes.
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We aimed to determine the effectiveness
of using the polymerase chain reaction
(PCR) to detect Toxoplasma gondii in
cerebrospinal fluid (CSF) specimens from
Japanese patients infected with human
immunodeficiency virus (HIV)-1. Twenty-
six HIV-positive individuals presenting
with focal neurological signs and a
possible diagnosis of I. gondii encephalitis
(TE) were enrolled in the study between
April 1997 and March 2003. Eight patients
were diagnosed as having TE using
the accepted diagnostic criteria; PCR

amplified the T. gondii Bl gene in CSF
samples from five of these eight patients.
CSF samples from the 18 patients without
TE were negative for I. gondii DNA. The
sensitivity, specificity and positive and
negative predictive values for detecting
1. gondii in CSF using PCR were 62.5%, 100%,
100% and 85.7%, respectively. These results
suggest that PCR might be a clinically
useful technique for detecting I. gondii
DNA in patients infected with HIV showing
focal neurological signs. Improvements in
sensitivity are needed, however.

- KEY WORDS: ToxoPLASMA GONDII; Bl .GENE; ,P_OLYMERASE CHAIN ‘REACTIO:N;

- (CEREBROSPINAL FLUID; HUMAN IMMUNODEFICIENCY-VIRUS; JAPANESE

Introduction

Toxoplasma gondii encephalitis (TE) has been
reported in 3 - 50% of patients with acquired
immunodeficiency syndrome (AIDS); it is the
most common central nervous system
complication of AIDS in Europe.! Histo-
pathologically, brain abscesses characterize
TE and the neurological features are
associated with the location and extent of

the brain lesions and perilesional oedema.
Classical techniques for diagnosing TE
include demonstrating the presence of
T. gondii-specific antibody and isolating
T. gondii by tissue culture or mouse
inoculation. These methods are inadequate
when applied to patients with AIDS and
suspected TE, however. When used to assess
patients with AIDS the test for demonstrating
the presence of T. gondii-specific intrathecal
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antibody has a sensitivity and specificity of
63% and 68%, respectively;? T. gondii could
be isolated from cerebrospinal fluid (CSF) or
blood in fewer than 40% of cases.?

Clinical diagnosis of TE is based on the
results of a computed tomography (CT) scan or
magnetic resonance imaging (MRI), clinical
signs, seropositivity for T. gondii and response to
anti-toxoplasma therapy with pyrimethamine
and sulphadiazine or pyrimethamine and
clindamycin.* Patients who fail to respond to
treatment are candidates for a brain biopsy
as TE can be diagnosed by examining
haematoxylin and eosin and Wright-Giemsa-
stained tissue. Sensitivity may be enhanced by
immunocytochemistry but, in a number of
cases, even histopathological examination fails
to detect evidence of T. gondii infection.! Brain
biopsy is an invasive process and in patients
with AIDS it may be associated with a risk of
developing further complications.®

We aimed to determine the effectiveness
of using the polymerase chain reaction (PCR)
to detect T. gondii in Japanese patients
infected with human immunodeficiency
virus (HIV)-1 and presenting with focal
neurological signs. We used CSF samples and
aimed to detect the presence of the T. gondii
BI gene, a 35-fold-repetitive gene.b

Patients and methods

PATIENTS

Japanese patients infected with HIV,
presenting with focal neurological signs and
requiring confirmation or elimination of TE
were enrolled in the study. All patients
presented to the hospital associated with the
Institute of Medical Science, University of
Tokyo between April 1997 and March 2003.
Patients were excluded from the study if they
had received treatment, other than with
anti-toxoplasma agents, for the neurological
deficits (e.g. radiotherapy) before the CSF
samples were obtained.

Informed consent was obtained from each
individual. Ethical approval was not sought
as an ethics committee had not been
established when the study started.

DIAGNOSIS AND SAMPLE
COLLECTION
Patients were examined and routine tests to aid
diagnosis performed. The diagnosis of TE was
based on the results of a CT scan or MRI, clinical
signs, seropositivity for I. gondii and response to
anti-toxoplasma therapy with pyrimethamine
and sulphadiazine or pyrimethamine and
dindamycin for 2 weeks.*

Seropositivity was determined using an
enzyme-linked immunosorbent  assay
(ELISA; Platelia II Toxo IgG test, Sanofi
Diagnostics Pasteur, Marne La Cornette,
France). Peripheral blood was collected on
the first visit to the hospital and the serum
samples immediately stored at -80°C until
use. A CD4* T lymphocyte count was also
undertaken using these blood samples
(taken before the start of anti-toxoplasma
therapy) and standard procedures.”

Cerebrospinal fluid specimens were collected
before the start of anti-toxoplasma treatment
with pyrimethamine and sulphadiazine, or
pyrimethamine and clindamycin. A lumbar
puncture was performed and 5 ml of CSF
collected in a sterilized tube as previously
described.® All samples were immediately
stored at 4 °C for rapid processing.

DNA EXTRACTION FROM
CEREBROSPINAL FLUID

Cerebrospinal fluid samples were frozen and
thawed three times before DNA extraction to
disrupt the rigid cell walls of the protozoan.
DNA was extracted from 100 nul of CSF using
a commercially available extraction kit (SMI
test EX-R&D [Sumitomo Metal Industries Ltd,
Tokyo, Japan] or QIAamp DNA Mini Kit
[Qiagen Inc., Valencia, CA, USA]) according
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to the manufacturer’s instructions. The DNA
was re-suspended in 10 pl of distilled water.

POLYMERASE CHAIN REACTION

We used two pairs of oligonucleotide primers
specific for the T. gondii BI gene and nested
PCR to generate a 194 base pair PCR product
as previously described:?

¢ Single PCR: forward,

5'-CATTTTCGCAG TACACCAGG-3'; reverse,

5'-GGAGTGAA GTCATCCGCAGT-3'
e Nested PCR: forward,

5'-GGAACTGCAT CCGITCATGAG-3}

reverse, 5'-TCTTTAA AGCGTTCGIGGTC-3'.

The first round PCR mixture contained
20 pl template DNA, 5 ul PCR buffer (2 mM
MgCl), 1 uM each PCR primer, 0.25 mM of
each deoxynucleoside triphosphate, and
20 TU/ml of Ex-Taq DNA polymerase (Takara
Shuzo Co., Shiga, Japan) in a total volume of
50 pl. After an initial denaturation step
(94 °C for 1 min), the samples were amplified
by repeating the following cycle 40 times:
denaturation at 94 °C for 30 s, annealing at
42°C for 30 s, and extension at 72°C for
1 min. The reaction mixture was incubated
at 72°C for 2 min for the final extension.

Nested PCR was performed on 2 pl of first
round product using the same reagent
concentrations and PCR parameters.

To avoid contaminating the PCR
mixtures, mixture preparation and template
DNA addition were carried out in separate
rooms. Tachyzoites of the T. gondii RH-strain
(donated by Professor S Kojima, Department
of Parasitology, Institute of Medical Science,
University of Tokyo) were used as a positive
control. DNA was extracted from 4 x 10°
tachyzoites, which were propagated in the
peritoneum of a ddY mouse. The DNA was
suspended in 100 pl of distilled water, and
10-fold dilutions of the positive control were
used. To avoid false-positive results, all
procedures were carried out carefully and a

DNA-free negative control consisting of
distilled water was tested simultaneously.
Each specimen was examined in duplicate.

ELECTROPHORESIS
One tenth of the nested PCR product was
loaded onto a 1.5% agarose gel containing
ethidium bromide (0.5 png/ml) for electro-
phoresis, and the gel visualized under
ultraviolet illumination.

DATA ANALYSIS

The sensitivity and specificity of the
technique were evaluated using binomial
distribution confidence intervals. The pre-
dictive values of a positive and negative PCR
test were assessed using a priori prevalence
levels for the patients.

Results

DIAGNOSIS

Of the 26 patients enrolled in the study, eight
were diagnosed as having TE based on the
accepted criteria.* All patients with TE were
male and seropositive for T. gondii (result of
> 5 IU/ml using the ELISA test). The mean
count of CD4* T lymphocytes was 36.3/mm?
(range, 2 - 133/mm?. The remaining
18 patients were diagnosed with primary
central nervous system lymphoma,
progressive multifocal leucoencephalopathy,
cytomegalovirus encephalitis or AIDS
dementia.

PCR ANALYSIS

The T. gondii BI gene was amplified by PCR
from the CSF of five out of the eight patients
diagnosed with TE (Table 1; Fig. 1). CSF
specimens from the 18 patients without TE
were negative for T. gondii DNA (Table 1).

We observed that the sensitivity, specificity
and positive and negative predictive values for
detecting T. gondii DNA in CSF using PCR were
62.5%, 100%, 100% and 85.7%, respectively.
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TABLE1: -

diagnosis of T. gondii encephalitis (TE) ~ .

Detection of the Toxoplasma géndii B1 gene by v.pIOIymelv'ase chain reaction (PCR) in
cerebrospinal fluid samples from HIV-positive Japanese patients with or withouta

Number of patients without TE

PCR result Number of patients with TE

Positive 5 0

Negative 3 18
Discussion Several studies have reported the potential

The PCR method can detect pathogen DNA
when approximately five to 10 parasites are
present in the CSF or blood sample.? The high
biological sensitivity is possible when primers
flanking repetitive genes of T. gondii, i.e. the B1
gene® or ribosomal DNA repetitive sequences
are used.®> Dupon et al.® reported a positive
PCR result for CSF and/or blood samples in 10
out of 25 HIV-infected subjects with TE, while
for one patient the presence of I. gondii was
shown by culture of the CSF sample. Unlike
tissue culture, PCR techniques are able to
demonstrate TE in HIV-positive individuals.

of PCR on CSF for detecting the T. gondii
Bl gene in AIDS-associated TE patients
(Table 2).%48 - 12 The sensitivity of detecting
T. gondii DNA by this method varies between
44% and 100%, but was reported to be
between 50% and 70% in studies where more
than 20 subjects were enrolled (Table 2).
The specificity was always high, at
between 94% and 100% (Iable 2). In a
previous study the positive and negative
predictive values of the PCR technique were
estimated to be 100% and 87%,8 which were
similar to our results (100% and 85.7%,
respectively).

Marker

CSF samples

194 base pair—»

Positive Negative
control controls
|

FIGURE 1: Products from the nested polymerase chain reaction (PCR) of cerebrospinal
fluid samples from Japanese patients who were HIV-positive and had Toxoplasma
gondii encephalitis. The PCR reaction used primers specific for the T. gondii B1 gene
and amplification products were electrophoresed through a 1.5% agarose gel
containing ethidium bromide (0.5 png/mt)
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Results of publlshed stud:e

merase cham reaction :(PCR) to detect

Toxoplasma gondii. BI1 gene-:DNA in cerebrospmal flmd samples from HIV-posltlve subjécts

Publication
year and Number of PCR PCR
reference patients Diagnostic PCR sensitivity specificity
number Population  enrolled standard method (%) (%)
1992° Danish 13 Clinical Dx Nested 100 100
19924 American 14 Clinical Dx Single 44.4 100
19938 Dutch 33 Clinical Dx Single 65 100
199310 Belgian 33 Clinical Dx Nested 67 96
1994" Italian 82 Histology or Nested 51 100
clinical Dx
200212 Italian 46 Clinical Dx Nested 59.3 94.7
This study Japanese 26 Clinical Dx Nested 62.5 100

Dx, diagnosis.

To improve the sensitivity of PCR methods
the techniques wused during sample
preparation and nucleic acid extraction are
important. In previous studies extraction of
DNA from the encapsulated vyeast
Cryptococcus neoformans was achieved using
three cycles of freezing in liquid nitrogen and
boiling to disrupt the rigid cell walls.of the
fungus.!** We used a similar procedure to
extract sufficient DNA from the CSF samples.

We conclude that PCR using specific
primers can detect T. gondii BI gene DNA in
CSF specimens from HIV-infected Japanese
patients with TE and represents a different
way of diagnosing TE in these patients. The
test is very specific and has a high positive

predictive value (both 100%). Diagnostic
sensitivity needs to be improved and a
simple DNA extraction procedure adopted
before this test could be used routinely in
clinical practice, however.
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. WFFeEREE4 : RNA interference [2351F A “ A8 RNAEFEET 0 5 A4 % F—F¥ PKR D
5 (AfF9E%& 5 S2003-3)

. ¥—TU—F: 1) RNAF#: (RNA interference, RNAi)

2) TAEHRNA (double-stranded RNA, dsRNA)

3) TS RNA &FEM T T A %+ —F (dsRNA-activated protein
kinase, PKR)

FRERA I B ERE - BT - S LERE (BIEE])

0 AZED)

RNA interference (RNAi) }%. short interfering RNA (siRNA) & FRiENn 5 21~23
HEHE %t (base pair, bp) DA RNA (dsRNA) 23Z i & [F] UELSI % 7> mRNA |2
B LZ O REFHET S &0 ) FEICE S BETFRBEMEBETH S5, RVAL 1T
WA B R E CREBBETORBALMH TE 2 DBOBIETFIERZR LBRR~D
ISRBHIFENTVWE A, ZOEABBOIREFTALZALZ L ZEMNRBE I
TWB, R HIIEPIZIE dsRNA OB 53 2 BERRBMICH WL 20 FH 6N TEY |
INL~DEENRREEINTWS, T I THRIFETIL. 2D X 57 dsRNA 53 F & 15
{CERF & T2 AR RNAKFEHE T 0T A % F—F (PKR) OEEICXT LT, siRNA @
X OBV dsRNA B ED L D R EERITTHERONICT S Z &2 BRIZFREZ1T
9o PKR 1Z 7 A NWVARY2 EOMIEA N VAT TOYA MIA VEART RN F—T R
FiE e PEERABHBRRICBWTHUN &S ZH - TR Y, PKR & RNAL L DRIEZ
B LMD Z EIXEMFEN - EFRICRVCEREH D & Bbhv s,

. BRGREE

(1) PKR #A# x BB L B4 7285 D dsRNA Z/EBL L. Zh b & VT, dsRNA @ PKR
EMELICRIETZIEZ in vitro DEBRIZKL > THFHARB Z LI2X V| siRNA 23 PKR
EHALREE BT AV EHRLNICT S,

(2) BN~ 2 728HE D dsRNA ZE A L, 21 b OHIfEA PKRIEHEICE 2 2 8 %
FARBZ LT XD RNAL FREE O PKR REEA~DEEEZH L MITT 5,

. AFFRRRR

(1) PKR A x B H'E (PKR-His) DOEHR
PKR @ dsRNA #E& KA A VX N KEHE WCHFET D, TD7-, dsRNA IZ X % PKR
DIEMWALE BT+ A 72 DI . C RIRICHERA X 7 & LT Gly-His) DTN 7T I
J BEFRE AN U720 PKR A8 2 BB H'E (PKR-His) Z{ERL L7, T7 BHR %



FAVTRABEN T PKR-His DFEIREITVNI-NTA 7 o — X £ — X% VT His #
JEAEEREM LA, BOY A X (~68kDa) OEHEOMMIZEZNLY B
RR/N& 72 ~60kDa DEBABERIZIZAE/ LN, ZONS YA XOEHAEDN
KT I BB R TIT- L A, PKR @D N Rl 98 BEARITZHLOTHBZ
L ANVHIBA L7z, % Z T, 60kDa & H'E D N RIR#FHIL D DNA R F |2 T/~ & Z A, 98
FEOT I ) BEEN Met THY EHIZZEDOTSEICA, GIZELRBEEOHR
BAths 7 (SD BLA) RROEFINFEET D Z L2 0 Met98 = N A EREIE) 72 B
ha R LTHREL CWAZ &R FHEEINE, £Z T, Met98 % Ala [ZEH LT
LA, THEEY 60kDa BEEEDOHBIIZRICIMH S, 6T, 7T/ BREK
D72 T 60kDa BABE DOFBO LM 572012, Met98 D LD SD ARAD
FINOEX 7 VATF FEEXEZER LU-Z R (internal SD-1ike sequence mutant,
iSDm) Z{ERL L7= & Z 5, 60kDa BHAEDRBEDH T 25 Z LITHL) L7z, iSDn
DREBR LY EE ST PRR-His ZFARMERLCT I/ BRESITHY ., Zhz
Ni-NTA 7 H 12— B — X phosphocellulose ¥ 7 L7 n< I T 7 4 —lZX>T
R, K8 PKR-His =& 2572,
(2) ¥k & 72 & T DEHL dsRNA DR
xR & D dsRNA DIERUILA T O FIEIZ TITo 72, £ 7§ pGEM-3Zf (+) (Promega)
D SP6 7T —H —D FHIZ _AHAKDINA %7 1 —="21,11~61 bp ® dsRNA
fEIK %40 hairpinRNA B 7T A X REBE L, KIZZNLOLDT T A I Fak
Y LUTHIV, SP6RNA polymerase IZ X - T invitro T hairpin RNA Z &Rk L 72,
Z ® hairpin RNA ®O—ZA$HFEIK % Mung Bean nuclease TiH{L L. R T U LT
I REVERKENC L > THBEL=t, VA7 D dsRNA ZHHH - BEIR L., FEHR
dsRNA fZ %2157,
(3) PKR DIEMEALIZE 1T B dsRNA DEHE ORIFNE
B2 78R D dsRNA 12D\ T PKR-His O B 2V VER{LIEMEIC )T 5 dsRNA DfKTFME
EPART, TORER, siRNA DY A X (21~23 bp) (FEZEIRIC. T LD bRER
dsRNA (26~61 bp) TIZHAH A7 PKR-His DEHC U VEMLDORENBR I -DIZ
stU. k0 b/h&E72 dsRNA (11, 16 bp) TIX PKR-His E Y VEEITE R
EINRhot, £, EFLOPKR OB Y VE{bE (BT 5 dsRNA DFETH.
av ha—E LTHWZESH BE~ET bp) DA A RNA, Poly (I) -Poly (C)
DBFA L HET D L, IHEECOMRIIEE LT N Tholz, TORRNL, 2K
84 RNA |2 & B PKR DIEMEALIZ ZAEH RNA OSERITHRFE L TEY . 21~23 bp FRE D
£ Coh 5 siRNA 1X PKR OIEMELEF & L TR L2Z2WZ LA FRENT,
(4) dsRNA & PKR & OAREA/EA$S J UV dsRNA 12 & 5 PKR DEE&EZ1 L
(3) THIL M2 o 7= dsRNA DEHE DEVNT X 5 PKR IEMELAEDE DS, dsRNA &
PKR & DHEEADOBENVCE S bDORONE I DER LT ED TNV T



N7 oA BITo7z, ZTORER, PKR IGMHE(LEEZ FF-D 26 bp LA E?D dsRNA 721F Tz
< PKRVEMEILEE A #7272V 11~21 bp @ dsRNA [Z-DV T3 dsRNA & PKR & DR DOFE
HEERBRBEHEN, SLRFVVT N v ORREEFHELLFAND L, Tr—
7" dsRNA B3 —E DA, 21 bp BLED dsRNA TIZ PKR OB Z M X & 2 L BEhH
BEDBNY T "NV RBHFICBE Sz, 202 &iX, PRREBZEKIELTWD
TEEFRLTWS, ZOREREND, PKR OFEMALIZRT 5 ZAGH RNA DS RAKTEME
IZ. PKR ~DWEAREDOEVNI LB b O TIEARL, BZ b IEMIFHEAETH S PRR
LBAEREDE VNI LD L0 LRI,

(5) Dicer {2 X % hairpin RNA D43 fEIZ KT 2 dsRNA i DR X DFE
BHIRG D RNAL D3E . siRNA 13 £ 9§ hairpin RNA RifBEAE LTE LTEEE IR
72%% . drosha R° dicer R EDX 7 LT —E Tl uky o 7E3NsZ &i2LV,
BAHIIZ AR siRNA & 725, £ 2T, BiMIRIC B8V ThR 4 72 R E D dsRNA DFEE
BFRABNC . ABFZE THW S ETER{A hairpin RNA @ dicer |2 X 545 fi#% invitro
THAT, FORER, 21 bp DAT L% hairpin RNA (HR21) 1X dicer TEXR®
DT aE YT EN21~23 bp D dsRNA & 725 DI L, 51 bp D AT L% FF
“> haripin RNA (HR51) I% dicer IZ2 X > THMBENIZ W EBRHAL NIRRT,
F 7. in vitro ®EBRIZ LV HR21 @ dicer YT PKR {EMEALAESS R D TIEL |
HR51 137\ PKR iEMELAE 2 R0 Z & 425 HR21 3 L OVHRS1 # Bl TRE S &
72358, HIE 1L PKR IEMEZH0H] L E X PKRIEMZ(EET 2 Z L3 TRz,

(6) FKIPN TR EL EH7- hairpin RNA OHIKEA PKR iGHE~DFE
Hairpin RNA % Bi#BIa CRIL S H 572912, pSilencerl. 0-U6 (Ambion) @ U6 7
0E— % —D FHICER DNA 22721, hairpin RNA B 7T A I RE/ER L7,
ThEk b MEEMEA LS MIENPRIEEEL Y 7 27— B L R—F —&
GFORBTE=F — LIz, ZOfER.HR21 7217 T2 < HRG1 2EA L725HE S PKR
EMNZE LLHE SN, ZHhiZBZ 5L in vitro EBROGE L B2 ) Mg T
AR ENT-HR51 A dicer BT drosha R EDX 7 L7 —FBIZL->TFuky v
VI ENEWASRNA IR o Tn 2D TH B EHREINT,

. HROEBLE - KA

AFFFROFERD S I TERR S ¥ 72 siRNA 13 PKR Z7EME L L2721 T/ < (PKR
EMEEELLHETHIZ LALLM RoT-, ZOERABE L LTXsZ5<, siRNA
5 PKR 1EMEILAEZ 50 dsRNA & PKR & OFEAEHEHICHET 20062 EZX BN D,
PKR IZBTRD X 5 ICH T A VAERICB O AEHE TH S, LA > T, RNAL ZERIRIC
ISHT AEE . AFEOKRICL D L, siRNAIZE->TEI & &5 PKREIEDET
WX AR T A NVADBGI R UTRBEICR D Z A& Sh D, §%&IT, &bI
MR RNT Bk LoD, BAXE LTARTHZ L2 AT,






1. P4 DA EOHLUWEFRIEDOR R — (REapiifa s A - B AETRR
(W75 S2003-4)

2. ¥—U—K: 1) LFHFZE, OAR2L (myocardial infarction,heart failure)
2) B4 (regenaration)
3) A MEER AR . B BRI E R (stem cell,mesenchymal stem cell)
4) SPHAM (side population cell)
5) LMHAAM  (cardiac myocyte)

3. WFEE R4 ARIBAAR ABE) - 2250 - BY - TR BRI (1B BRI AHE)
(B AEBERE )

4. B

B L. BAETEOKKAGIC LD A EIZB W TR~ OBIRIE LR BSEINL TW5, ©
DRFEDOHEETEORRBITIOLRETHS, DIHFEZEIZ30~40%BFIERITIEL, 1
0% ASRBEN TR 5, Fiz, AR FEHL DARELAREIRIZLY QOL 2ME T4 57
B, BAICEART RO CTEERER THS,
OFEEIELE., BIFIE, BEL o7 BEZEETHEREF13HY, BRERIE
LIYPRIES IV ERE F2 TE 5L T, DI EORKIELHOIBRERDSELHI LN
TEARBRARH S, DHFEEITOEEE > CODEEIRSEAZEL LAMIELS, B2
FER. MR RO — Y ART IRV RZENFERIRRE T, ZTORER ., HiREL TORTHE
ERELAULALEZETD, TNETULHFBEDCTRERIELL TL, FAELEZ—ZIb 7L
BRBIE LV o MAREFRRIECHIE RN L | EIZ Lo THEMIZTIV O
EROZLITREETH -T2, FIEHR 6 BRI L7z o 7= B AITXIRE O T~ T AR
EHFNEBSRNINTDBO AT 2 LD IR R FE LI 0T, DX
I EE A BARNRWI LY, —HEA TLES LA OBREL EIEI LI EITR
AR ThoTr, FITAMERICEB VTS T TERLBARAHLWRRIELL T, LHOFAE
FIEDTATREMIZ DWW TRET 5,

5. WHFEEtE
1) B BEF 3 R O D L ~D 73 (L DB FF I DN T
2) # SR SRR L O DA AR ~ D S LD F FED 2-DIZ DV THRETT 5.

1) B BE R ZE R MR O DS ~D 231k

B RERE MBI B, E . BRHAREE L ORI T AR b TERY,
<A Tldin vitroB L Win vivo IZBWTOLHRIIRIZS LT AZ LRI TS, L EZE
ElCG-CSFESCR2#H 5352 L1z kh, BEO B LV MRS EHICBI B SN DHE R, 1E



FEIC DA E AL, EERIE/ N TOBENLE TR E SN, AFFEIZE N
Tk, BHEERMRES O L OSE R OFHMIRIIZ LT 200 20/ O E G IE~
BEDIHMRIIIE DX BB DTN TN 5, BARENIIHEE AV
WET LW ERHER (L J5 #:SP (side population) #IAEZ FAVNTITH, Zivid, MR 23 & @M
E MR O IRRE CDNADATHE FEEFIZ LV 2 B a5 Hoechst 333425 HEH 4 o E 23
HOZ DR A AV, F D4y Eiside populationZFACSIZ TGEBIL , DIEA~EALZY .
fal LA LI X o CUMBE~D L ERETT 5, SPHIfEAS LR E DR &RIC
IO DRI L LT . FOBFFIZ OV TR MR 708 R F O & B %2 U0 IET
35,

2) KRR e O LA AR ~D 4k

B SR — R OB (AT HIR) LU T, BRI TR MR MR BE
FAfB S M OMIICb 536 T2, 22 CTEBEHFMES DM LT 20 B2 e
T3, GFP Z=——, L TRIHTH70IZ GFP "V AV ==y~ ADER&FH L0 B ¥R
FMaEEERL, — e OfMRE LR L, DHMRICOET 20 ErE B REER I
DRSO TAHE TR 2, £, SESN- B SP I I P IRZEM R
HERE L DL A BN LI BRI O D SP HifaZ L0 | DIRIZEAZR N LA
fal D IEEEIZ I ORI b T 2B & FRRICRET 2.

6. FFFURLR
1) B HERIEE AR O LRI ~D b

DA 5 {EFEED in vitro TOBBEEMRETT 272012, W HELLHIZ GFP
transgenic mouse XV HEELZERGHIIREZHEFT Y MOBAIREIEEERL  BHEAMATIZ
DR ABREHE T EINICONTHREMGEEICLVREI L, Z0/ER. GFP BB
F SRHM D —ERIE cTnT. ANP, GATA4, CSX/Nkx2.5 #HHL ., Tz, BAEO.LAMEED
AR5 ERALIT cadherin & connexind3 %I TER MBS MM EZERTHIL
BEABLNC 20Tz, Fio, B OBRMBEP L EENDHEELL T, FACS (ZXVREbI:
SP(side population)43 18 & % B ¥ A w1138 _EiE T OB IER S MIRRE 2 . T2 DR
LR LT,

BHRIE R DML LR A2 2 X0, B BRI E R A O A R A R 07
BEFBIOBEAZRBELEL, BR2ARICTTOHIT VLU TELIEICLY, BHRERM
Fao L L Z 2 BE OB OB A LD Lo T, BREWZ &2, @A LRl
IO EEZLD, LbrREEE B LT, B B ZE R DLAMT G B #& i B R
HERE, PBZARRE. PN RTBRARAD , DR R S DA L D IR ICTRE L. WTTh
LRI O E % R Uz, B BROME, NERMEE T A0 DIBICEALTZEZA,
in vivo IZEWTH, LFMIREEEL., DMRSERNE AL RBE L, T 0BRSS
EELDZTEZA, DRI E B ORI RA LT,



2) Mg ER AR O O AR ~D 4k

DL e R 2 BB B B9 T, FACS 124V SP(side population) /3 B &£ BUZ R Zh L 7=,
SP 4y B IZ~F AR dye ZHEH 57 \%’Ché berp 2L TV =, SP MifgidA % h
VOMBRIZ LY AL . 3—4B% I EERE T A ORI LT, £
BB R DR DTN, (LR H 3k SP n':fﬂﬂ@ iﬂaﬂﬁrﬁﬁlﬂﬁ%ﬁ'ﬁﬂl}%@ iZi kL7,

7. FROEBLE- XA

HRU~NAVORBETRSE, SRETIXEBEH R OE LM IE RSB E EEIT 0
Fa~D 5L ER B ED D TE Tz, MBI LDD DITECEOHE L > TEE
B2 B RHH TS, BB R B IIAR < e REHC LY | DFFRIRR~ DL EE 1A T
&<, %Haﬂﬁ%ﬂ%&f\@/\ftmzté%@k%z%hﬂ\5 AR & DA MR m R 4
LER B0, HMbD M T Lot 2 (RET 2R F2BHAT 26ER D
BEEZ %:néc
KRB OTEFES DY, S, SOICTHE, RERR, O —MERRENFREL2DEED
n5, DFHEOARER R BAILLI<EMTEHLY, BEEROETRIIHTIEVOH
BOREZLIIFHIFERBNTITRO S D LB bis,

- ARG RO - BAEDAI = AL EH LB EEROER~LRETLHIE
<R, REIEE LR EORBICIIBHEUINIIFERIERE LK FEBITRR O
B IR O IR 3 KON AR &\ V) i OB AR — MR LU LR FE DR A
BRI IAEENESNAEEDND, OB ORI RERRFE LR 1357

Wk L T Z R IR gL BT,






TRICHEEA VPR YA N AERRERANWEZZA T— U A VABEIEA I = X LZEBT
3 L' EAOREIOMEH (WF3eE 5 $2003-5)

¥—"U—FK:1) #A4F—7UA /LA (Theiler’s murine encephalomyelitis virus)
2) L'EH (L protein)
3) 7 v 77— (macrophage)
4) AV A$EFE (virus propagation)
5) Lha AL A3REFR (retrovairal expression system)

WMEE RS © ERE - EEE - BF - ARBREHEE ERTF)
(H BERZE)

AN
BAT—UANAT, EarF oA VARIZE L, <7 XSO AHE
Bixk%BI X TAMER (GDVIIER) &, FHICRHHREL L TR SEZ 8
PR (DA BR) WWHESh, TORBIXISREELVECBMET VL LTHERSH
TW5, DAERHTIX, R EAORE= Ko 13EETHICH 5B OFAFOBRLA
a RUAbK 18kDa D L e MEN 3 EANAK SN D, —F, GDVI HHTIX, 20
AUG 78 ACG L2 - TRV, L'EHIRAK SR, ZOLHIC L EHITIDA BT
DHAREND Z E D, FtR - BEEEZHEL CWAIEERRFO—2THD L
LR T3S, THET, L'EHOBEEMITIZ DA o L'EB ORI K AUG
% ACG IZ AER S¥72 DAL-1 7 A /LA % FV 7= loss-of-function” D% TIT L TEH
D, L'EA%AHKT 2 DA HTlE~rn 7y —VTHETI 0D, LEHAN EL
DALl UANRZ=/ 07 7=V THB LRV ERALN L RoTz, Thbb,
L'EBHIE~/n 77— BT B TA VA (TA VRS ) AO#HRE) 12&5 L,
PR Ic BB RS R £ LTWAEEx D, AFEOENIZ. LEARE~
7 a7 7 — % {ER LU gain-of-function” DR T LEOBMBDOESIT 2 L 52 L Th 5,

SRR E

1) BEEADERHRRBREARICTS LV M YA VARBERZAVWC LEALZ
D N RN 3XxFLAG 24 S 7 3xFLAGL A EA 2 thENRHT 5~ u >
7 — VHaER 1774 BT 5,

2)H1 LRV 7 v —F AHEE X OH FLAG £/ 7 a—F ik % Fv 7= Western
blotting 12T, HE L= &MIRICI T 5 L'EAORREHRT 5,

3) v/ BT 7= VNTOUA VAT 5 LEAORE &I 52T B720Ic,
L' EAHEETA VA DAL -1 & LEARBRMBICBRSY, TOWEEZTT7—27 7



v EAIZ X VR 5,

4)L'EBAR VA NARFGREO L OB TR EZRIELTVADONEMB 20T, ¥
A /LA RNA BB I OEBHEKIZOWT, £1£1 RNase protection assay 35 LN
Western blotting (2 X ¥ &3 5,

S AR S

1) WEEA L~ 07y — Ak 1774 *IRRAR L, LEEREMB L1774 B
L N 3xFLAGL 'R &7 B S 340 M 3xFLAGL /1774 Z#S1 L 7=,

2)Hi L'RY 7 o —F AHEE L OH FLAG £/ 7 v —F A Hifk% Fv 7~ Western
blotting 12 £ ¥ . HiEfE L= &MMICKIT 2 L'EAORERERINT,

3) L'/1774 #§a% FV /= DAL™-1 7 A /L 2 OBFERE 2 5, DAL -1 1Y% 12 R
(3-6x10° pfwml) 12 —2 Z R HIFEAFRD bz, —F . 3XFLAGL/J774 B L L'
BEAXRBR LV ay o — /Ml (control/J774) Tt DAL™-1 OHFEIZFRD bR
o i,

4) RNase protection assay (2 & 5 7 A /LA RNA OEBEB L OHL VP-1 £/ 7 v —F L
&% FV 7= Western blotting IZ K2 VA VA B 7L REBAKROEN TIX, W oM
JUIZBWTHZEITED b2 holz,

WHROEBLE - K&

AFFZZ IV TR L7 LB ARSI L'/1774 % AV 7z DAL’ -1 U A L R OHIFHE
PR LI-L 2 A, L'EAKEE YA VX DAL -1 1Z L'EAORKHIC L v #iERE %2 E
WL, LxLay hr—AMaTIE DAL -1 YAV RITE o= B LR D o 12,
Thbb, v 77— ICBITBEAT—U A VA DA BROHFEICIE L& QB3R A
RT¥H 5 Z L H gain-of-function” D% A b b FEHA &7z, E7-. 3xFLAGL/J774 % W
T HIFERRET T B DAL'-1 7 A A X THFER T, LB A OBRERIITIZZ O N REHHEK
OREENEETH D Z ENTRRENT, LNLARL, L'EARYANVAY ) A0OH
MBLUON 7Y NEHAKICEELEZ RV ERTRER, 202 b L'EBITY
A JVZRLF D assembly IZFHEE KITLTWHEEZ b,

ULEOHRENS LEADHEEICL > T, DAL -1 w27 07 7 — I THIERRE L\
5 Z L, BRIIC AR VA NVARY ) AOMERIC LEANEERZE ZH > TV
LHEExZbND,

AEERI L LEARER~ 7 07 7 —VMKRIZ, VA VAR EZELESEDZ L
2 LEAOKBRELZT TE 5200 FRBRICEEL ShD LEHOER L
BRI W CAHARME D Z LS5, 4%, BEMBRAICRIET L
BOADOEEBRRANDL-DIL, TR =V ZA~DOHEEDOFREEIHRE SN TSI 1
77— UHilakk P388D1 @ L' B ARBMIKZ L L, L'EA & 7R b= 2 OB%
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Abstract

The DA subgroup strains of Theiler’s murine encephalomyelitis virus (TMEV) synthesize L* protein, which is translated out of frame
with the polyprotein from an alternative AUG, 13 nucleotides downstream from the authentic polyprotein AUG. By a ‘loss of function’
experiment using a mutant virus, DAL*-1, in which the L* AUG is mutated to an ACG, L* protein is shown to play an important role in virus
persistence, TMEV-induced demyelination, and virus growth in macrophages. In the present study, we established an L* protein-expressed
macrophage-like cell line and confirmed the importance of L* protein in virus growth in this cell line.

© 2004 Elsevier B.V. All rights reserved.
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Theiler’s murine encephalomyelitis virus (TMEV) belongs
to the genus Cardiovirus of the family Picornaviridae and is
divided into two subgroups (Ohara and Roos, 1987; Lipton
and Jelachich, 1997; Obuchi and Ohara, 1998; Roos, 2002).
DA (or TO) subgroup strains induce a non-fatal polioen-
cephalomyelitis in weanling mice followed by virus persis-
tence and chronic demyelination in the spinal cords. This late
demyelinating disease serves as an experimental model of the
human demyelinating disease, multiple sclerosis. In contrast,
GDVII subgroup strains cause acute fatal polioencephalo-
myelitis without demyelination. The precise mechanisms of
virus persistence and demyelination caused by DA subgroup
strains are still unknown. A 17kDa protein, called L*, is
translated out of frame with the polyprotein from an alter-
native AUG, 13 nucleotides downstream from the authentic

* Corresponding author. Tel.: +81 76 218 8096; fax: +81 76 286 3961.
E-mail address: ohara@kanazawa-med.ac.jp (Y. Ohara).

0168-1702/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.virusres.2004.07.009

polyprotein AUG (Kong and Roos, 1991; Obuchi and Ohara,
1998; Roos, 2002). L* protein is only synthesized in the DA
subgroup strains since the L* AUG is present in DA subgroup
strains, but not in GDVII subgroup strains (Michiels et al.,
1995; Obuchi and Ohara, 1998; Roos, 2002). Therefore, L*
protein is thought to be a key protein regulating DA biologi-
cal activities. A ‘loss-of-function’ experiment using a mutant
virus, DAL*-1, in which the L* AUG initiation codon is mu-
tated to an ACG, demonstrated that L* protein plays an im-
portant role in DA persistence and demyelination (Chenetal.,
1995; Ghadge et al., 1998). However, that finding is still con-
troversial since the absence of the L* AUG initiation codon
in a different DA infectious clone had only a weak influence
on the persistence of DA strain (van Eyll and Michiels, 2000,
2002).

We previously reported that DA strain grows in J774-1
cells, an H-2¢ macrophage-like cell line derived from a tumor
of a BALB/c mouse (Ralph et al., 1975), while the GDVII
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strain does not (Obuchi et al., 1997). This phenomenon is
of great interest since a major site for TMEV persistence
is thought to be macrophages (Lipton and Jelachich, 1997;
Obuchi and Ohara, 1998; Roos, 2002). The important role
of L* protein in this in vitro phenomenon can be demon-
strated by using DAL*-1 virus. DAL*-1 virus does not grow
in murine monocyte/macrophage lineage cell lines, but it does
grow in other cell lines, including neural cells (Obuchi et al.,
1999). A recombinant virus, DANCL*/GD, which has the
DA 5" noncoding and L* protein coding regions replacing
the corresponding regions of GDVII and therefore synthe-
sizes L* protein, had a rescue of growth activity in J774-1
cells, suggesting that L* protein plays an important role in
virus growth in macrophages (Obuchi et al., 2000).

A challenge in research related to L* protein is that its
sequence overlaps with that of the polyprotein, making it im-
possible to introduce the DA L* coding sequence into the
parental GDVII strain without changing the polyprotein se-
quence. The generation of macrophage cells that constitu-
tively express L* protein would allow a confirmation of the
role of this protein in virus growth with a ‘gain of function’
experiment. This system would also allow the synthesis of L*
protein in the cytoplasm, as has been described (Obuchi et
al., 2001), without being incorporated into virions. Therefore,
the goal of the present study was to establish a macrophage
cell line that constitutively expresses L* protein.

We used a lentiviral expression system in order to achieve
a stable and efficient gene transfer of L* protein. The vector
was constructed by using the transfer vector plasmid pCSII-
EF-MCS-IRES-hrGFP, constructed by Dr. Hiroyuki Miyoshi
and Dr. Tomoyuki Yamaguchi, Laboratory of Genetics, The
Salk Institute for Biological Studies. The plasmid has se-
quences of a human elongation factor (EF) 1 a subunit gene
promoter, a multiple cloning site (MCS), an internal ribo-
some entry site (IRES), and the coding region of a ‘human-
ized, red-shifted’ green fluorescent protein (hrGFP) in tan-
dem. L* coding sequence was inserted into MCS, resulting
in the production of L* protein independently from hrGFP
and not as a fusion protein. The expression of both proteins
is regulated by one promoter. Another construct, in which the
3xFLAG epitope sequence is tagged to the N-terminus of L*
protein, was generated as an additional control since the 5’
one third of the L* protein coding region is important for its
function (Obuchi et al., 2001). In order to generate vesicular
stomatitis virus (VSV) G protein-pseudotyped lentiviral vec-
tor particles, the transfer vector plasmid pCSI-EF-(cDNA
of L* or 3xFLAGL* protein)-IRES-hrGFP with the packag-
ing plasmid pMDLg/pRRE, pRSV-Rev, and the VSV-G pro-
tein envelope plasmid pMD.G (Naldini et al., 1996) were
tansfected into subconfluent 293T cells, a human embry-
onic kidney epithelial cell line expressing the simian virus 40
large T antigen, using a high-efficiency calcium-phosphate-
mediated transfection method (Miyoshi et al., 1997; Miyoshi
et al., 1998; Sambrook and Russell, 2001). High-titer virus
stocks were prepared by centrifugation (43,600 x g, 3h,
21°C). The infectious titers were determined by counting

the number of GFP-positive cells by fluorescence-activated
cell sorting (FACS) analysis (FACSCalibur: BD Biosciences,
San Jose, CA). J774-1 cells (2 x 10°) were infected and
transduced at a multiplicity of infection (M.O.L) of 5. Af-
ter the infection, the third subculture of L*-transduced and
3xFLAGL*-transduced J774-1 cells were seeded at a density
of 0.5 cells per well onto 360 wells and 1200 wells of HLA
plates (Greiner bio-one, Tokyo, Japan), respectively.

Cell propagation was observed in 27 wells of L*-
transduced cells and 105 wells of 3xFLAGL*-transduced
cells. During the first several passages, the cells in approxi-
mately 50% of wells were GFP-positive and propagated more
slowly than the original J774-1 cells. Some showed a dif-
ferent morphology, such as enlargement (20-30 wm, about
1.5-fold larger in diameter) and an amoebic shape. We se-
lected four L*-expressed (L*/J774) and eight 3xFLAGL*-
expressed (3XxFLAGL*/J774) clones by FACS analysis using
expression of GFP. The cells formed clusters easily when
replated in new culture dishes. These properties reverted to
those of the original J774-1 cells after seven passages. When
both cells were seeded in a 35 mm plastic culture dish at the
density of 1 x 105 cells/ml, the cultures reached to the den-
sity of 1 x 100 cells/ml within about four days, with a dou-
bling time of 24-30 h. Seven empty vector-transduced clones
(control/J774) were also obtained from the empty vector-
transduced J774-1 cells and served as a control. The prop-
erties of these cells were not different from those of the orig-
inal J774-1 cells. Fig. 1 shows the histograms of L*/J774/6,
3xFLAGL*/J774/33 and control/J774/6 clones, which gave
the highest GFP expression.

The expression of L* and 3xFLAGL* proteins was fur-
ther confirmed by Western blotting using polyclonal rabbit
anti-L* antibody (Ab) (Obuchi et al., 2000, 2001) or mono-
clonal mouse anti-FLAG M2 Ab (Sigma, St. Louis, MO). En-
hanced chemiluminescence reagents, ECL plus (Amersham
Biosciences, Buckinghamshire, UK), detected biotinylated
secondary Ab and horseradish peroxidase-conjugated strep-
tavidin (Fig. 2). The expression of L* or 3xFLAGL* protein
was stable after forty passages of culture.

We examined and compared the growth kinetics of DAL*-
1 virus in those cells. The culture supernatants and cell lysates
of 1.5 x 10° cells infected with DAL*-1 virus at an M.O.L
of 10 PFU per cell were harvested at 0, 3, 6, 12, 24, and 48 h
post-infection (p.i.), and the infectivity was assayed by a stan-
dard plaque assay on BHK-21 cells. In L*/J774/6 cells, the
titers of cell-free and cell-associated DAL*-1 virus reached
apeak at 12h p.i. (6.3 x 10° and 3.8 x 10° PFU/m, respec-
tively) and then gradually decreased (Fig. 3B). On the other
hand, the titers gradually decreased in control/J774/6 cells
(Fig. 3A). The data indicated that L* protein is essential for
DA growth in J774-1 cells. The titers of DAL*-1 virus also
gradually decreased in 3xFLAGL*/J774/33 cells (Fig. 3C),
suggesting that the N-terminus is important for the function
of L* protein, as previously reported (Obuchi et al., 2001). In
addition, even though the 3XxFLAG epitope is a small peptide
(2.7 kDa), it may have changed the higher-order structure of
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Fig. 1. Flow cytometric analysis of green fluorescent protein (GFP) fluorescence. J774-1 cells were infected and transduced with lentiviral vector containing
the L* or 3xFLAGL* protein sequence. The transduced cells were cloned by a limiting dilution. Figure shows the histograms of GFP fluorescence in the
representative clone of the vector-transduced J774-1 cells (open area). The original J774-1 cells served as a control (closed area). (A) Control/J774/6, which was
transduced by an empty vector as described in the text; (B) L*/1774/6, which was transduced by the vector containing the L* sequence; (C) 3xFLAGL*/J774/33,

which was transduced by the vector containing the 3xFLAGL* sequence.

L* protein since L* protein is relatively small (17 kDa). Also,
the predicted hydrophilicity of 3xFLLAG epitope may have in-
terfered with the strong hydrophobicity of L* protein (Ohara
et al., 1988; Obuchi et al., 2001), and thereby disturbed the
function of L* protein.

To further investigate which step of virion formation is
affected by L* protein, viral RNA synthesis of DAL*-1 virus
following the infection of those cells was analyzed by RNase
protection assay (RPA) (Fig. 4A). RPA was performed with

(A) anti-L* Ab

kDa

50

37

25

"

the BD RiboQuant™ Non-Radioactive RPA system (BD
Biosciences, San Jose, CA), according to the manufacturer’s
instructions. Briefly, pDAFL3, a full-length infectious DA
cDNA clone (Roos et al., 1989), was cleaved at the Hincll
site (nt 7783) in the viral genome in order to prepare an anti-
sense probe. The linearized plasmid was transcribed by an
in vitro transcription system with T3 RNA polymerase in
the presence of biotin-16-UTP (Roche Diagnostics GmbH,
Mannheim, Germany). The biotin-labeled RNA probe con-

(B) anti-FLAG M2 mAb
kDa ! 2
50
37
25

Fig. 2. Protein expression of the transgenes (L* and 3xFLAGL* sequences) in L*/J774/6 and 3xFLAGL*/J774/33 cells. The expression of L* gene in L*/J774/6
cells or 3XxFLAGL* gene in 3XFLAGL*/J774/33 cells was analyzed by Western blotting as described in the text. L* (lane 1) and 3XFLAGL* (lane 2) proteins
were detected with anti-L* antibody (A) and anti-FLAG M2 monoclonal antibody (B), respectively.
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Fig. 3. Growth kinetics of DAL*-1 virus in control/J774/6 (A), L*/1774/6 (B), and 3xFLAGL*/1774/33 (C) cells. The culture supernatants (solid lines, open
squares) and cell lysates (broken lines, open circles) of cells infected at a multiplicity of infection (M.0.1.) of 10 were harvested at indicated time points and
subjected to titer determination by a standard plaque assay on BHK-21 cells. Data are expressed as the mean =+ standard deviation (S.D.) in three independent

experiments.

tained 310 nt of sequence complementary to the 3’ region of
the viral genome and 52 nt of vector sequence (Ohara et al.,
1988; Roos et al., 1989). At 0, 3, 6, and 9h p.i., total RNA
was extracted and purified from 9.3 x 10* virus-infected
cells by using RNeasy Mini Kit (QIAGEN, Tokyo, Japan).
The RNA and 10 ng of biotin-labeled RNA probe were hy-
bridized, and then treated with RNase A and RNase T1. The
protected RNA probes were separated by electrophoresis on
5% polyacrylamide gels containing 8 M urea, and transferred
to positively-charged nylon membranes by electroblotting.
The signals were detected by chemiluminescent detection
system. As shown in Fig. 4A, the amount of viral RNA of

DAL*-1 virus clearly increased and reached a peak 6 h p.i. in
all the cells examined.

Viral protein synthesis was also examined in those cells.
At3,6,and9hp.i., 1 x 100 cells infected with DAL*-1 virus
were scraped and dissolved in sample buffer (0.01 M Tris-Cl
[pH 6.8], 1 mM EDTA, 2.5% SDS, 5% 2-mercaptoethanol,
10% glycerol, 0.005% bromophenol blue). The cell lysates
were analyzed by Western blotting with DA-neutralizing
monoclonal antibody, DA mAb 2, which reacts to VP1 capsid
protein of DA strain (kindly provided from Dr. Raymond P.
Roos, University of Chicago, IL) (Fig. 4B). The amount of
VP1 capsid protein of DAL*-1 virus increased rapidly from

(A) Control/J774/6 L*/1774/6 3xFLAGL"/1774/33
P O 3 N ’6 - 9 ‘ 0 ‘ 3 6 9 0 3 6 9
362 nt —=
310 nt —==
(B) Control/J774/6 L*/1774/6 3xFLAGL"/J774/33
3 6 9 3 6 9 3 6 ‘ 9

Fig. 4. (A) Viral RNA synthesis of DAL*-1 virus in control/J774/6, L*/J774/6, and 3xFLAGL*/1774/33 cells. Total RNA extracted from the virus infected-cells
(9.3 x 10* cells) was subjected to RNase protection assay as described in the text. The numbers at the top of panel indicate hours post-infection (p.i.). Lane
P is the starting probe. (B) Synthesis of viral protein in control/J774/6, L*/1774/6, and 3xFLAGL*/J774/33 cells. The cells were infected with DAL*-1 virus
at an M.O.L of 10. After the infection, the cell lysates were analyzed by Western blotting with DA mAb 2 as described in the text. The numbers at the top of

panel indicate hours p.i.
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3h p.i., reaching a plateau at 6 to 9 h p.i. in L*/J774/6 cells.
The same tendency was observed in both control/J774/6 and
3xFLAGL*/J774/33 cells.

The data obtained in the L*-expressed system have con-
firmed that L* protein is essential for virus growth in J774-1
cells. In fact, GDVII strain, which does not grow in J774-1
cells (Obuchi et al., 1997), also had a rescue of the growth
activity in L*/J774/6 cells (data not shown). As described
elsewhere (Obuchi et al., 1997), DA strain infects and ac-
tively replicates in J774-1 cells, with only a minimal damage
on these cells. This property is clearly important to set the
stage for a persistent infection of DA strain in macrophages
in vivo. Therefore, DA strain may be able to maintain its
genome in macrophages in the presence of L* protein, lead-
ing to virus persistence and consequently to demyelina-
tion.

As shown in Fig. 4A and B, L* protein had no effects
on viral RNA replication and viral protein translation. These
results differ from our previous reports (Takata et al., 1998;
Obuchi etal., 1999, 2000) that suggested that L* protein prob-
ably interferes with viral RNA replication, however, only two
time-points (3 and 9 h p.i.) were examined in these previous
studies. No effects of L* protein on virus attachment were
found in a previous report (Obuchi et al., 1999). As shown
in Fig. 3, the titers of cell-associated virus almost paralleled
those of cell-free virus in all cells, strongly suggesting that
the release of virions are not influenced by the presence or
the absence of L* protein. Therefore, L* protein may have
some effect(s) on the step of virion assembly. The effect of
L* protein is presumably in trans.

The formation of viral particles of picornaviruses is re-
ported to be coupled to RNA replication, both events oc-
curring on the surface of virus-induced membranous vesi-
cles found in the cytoplasm of infected cells (Blondel et al.,
1998). The poliovirus-induced vesicles are formed closely
related on the surface of intracellular membranes, such as
the endoplasmic reticulum (ER) (Suhy et al., 2000). Pro-
teins of the poliovirus replication complex, especially 2BC
and 3A, accumulate in patches on the ER. Double mem-
brane vesicles derive from the ER (Suhy et al., 2000). Mi-
crotubules are known to be closely associated with the ER
(Lodish et al., 1995). It may be that the association of L*
protein with microtubules is important in TMEV assembly
in J774-1 cells or other macrophage cell lines. Of inter-
est, the importance of L* protein to DA growth is not ob-
served in other types of cells (Obuchi et al., 1999). Some
unknown host cell factor(s) may have a key interaction with
L* protein that is important for virus growth. This may fos-
ter DA persistence in a cell key to carrying out DA-induced
demyelination. Two-hybrid system may identify this fac-
tor(s), and the study is under progress. The restricted growth
and persistence of TMEV in macrophages may be criti-
cal to the white matter disease. Therefore, the identifica-
tion of this factor(s) interacting with L* protein may clar-
ify the mechanism(s) of TMEV-induced demyelinating dis-
ease.
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Abstract

Purpose: To investigate racial differences of lens trans-
parency properties and the prevalence of lens opacifica-
tion by age. Methods: Lenses of randomly selected Asian
(1,038 Japanese and 517 Singaporeans) and Caucasian
(1,045 Icelanders) subjects were evaluated for their lens
transparency property (LTP). The prevalence of lens
opacification was determined with a newly proposed
WHO cataract classification system. Results: LTP in-
creased with aging for all nationalities. Light scattering
intensity was significantly higher in the Singaporeans
followed by the Icelandic subjects. The prevalence of cor-
tical opacification in Singaporeans was significantly
higher than those of the other nationalities up to the age
of 60, and the prevalence in Asians was significantly
higher than that in Caucasians aged 60-69. Cortical

This work was presented as an Ophthalmic Research Lecture dur-
ing the EVER 2003 meeting.

opacification was more prevalent than the other types
for both Japanese and Icelanders in their 50s, 60s and
70s. Regarding the central optical zone, the prevalence
in the Singaporeans was significantly higher than in the
other two groups in their 50s and 60s. The prevalence of
nuclear opacification in Singaporeans was markedly
higher than those of the two other groups for all ages.
Subcapsular cataract was the least prevalent type for all
age groups and nationalities; however, the highest prev-
alence was observed in Singaporeans. Conclusions:
Lens transparency decreased with age in the Singapor-
eans more markedly than in the other two groups. The
high prevalence of nuclear opacification in Singapor-
eans is considered to be due to environmental rather
than race-specific factors.

Copyright © 2004 S. Karger AG, Basel

Introduction

Since the late 1990s, cataract epidemiologic studies
undertaken in industrialized countries have employed
several systems for recording opacified lens morphology
and used them as diagnostic tools. Although further meth-
odologic improvements may yet be made, it is fair to say
that the quality of investigations has improved compared
with those performed before the late 1990s.
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Table 1. Persons examined

Reykjavik

k Singapore - Monzen

Age, years

 males fémalésf ”tota’l

males females :tVOtal males females total

50-59

166 194 360 84 127 211 77 126 203
60-69 145 210 355 107 116 223 167 251 418
70-79 118 136 254 42 31 73 163 - 212 375
=80 033 43 76 5 5 10 19 23 42
Total 462 583 1,045 238 279 517 426 612 1,038
To date, such epidemiologic studies have yielded a lot Methods

of important information including prevalence, inci-
dence, type, severity of opacity and risk factors. As far as
we know, there have been very few studies comparing
age-related changes of lens transparency in different rac-
es. We have proposed lens transparency property (LTP),
calculated from lens layer thickness and light scattering
intensity measured by Scheimpflug slit images, as an in-
dex of age-related changes in lens transparency. This in-
dex is higher in diabetic subjects, in whom prevalence and
rates of surgical intervention are higher than in nondia-
betic populations, compared with nondiabetic volunteers
[1]. Based on experience, we believe that LTP may be a
useful tool for predicting lens opacification. Since it is
unclear whether light scattering intensities and thickness
of lens layers differ between races, measuring LTP in dif-
ferent races could offer a new aspect for investigating
variation of age-related lens transparency in the normal
population. A comparison of LTP measures of three cli-
matically and racially different subject groups is present-
ed in this article. In addition, comparison of cataract
prevalence in the same subject groups was performed ap-
plying a newly proposed cataract classification system by
the WHO [2].

Cataract researchers interested in the incidence or
prevalence of cataract by type, age, gender, race or other
variables may find themselves thwarted when reviewing
the literature, because comparison of findings is difficult
due to the lack of a universal or ‘gold standard’ cataract
classification system. To overcome this situation, the
WHO study group proposed the newly established cata-
ract classification system [2]. For purposes of this study,
and to assist other researchers to make such comparisons,
from our own Japanese Cooperative Cataract Epidemiol-
ogy Study Group system (JCCESG system) [3], data of
the same subjects from previous surveys [4-6] have been
converted in accordance with the new WHO classifica-
tion system.

Racial Differences of Lens Transparency

Residents of Monzen, Japan, Singapore and Reykjavik, Iceland,
aged 50 years and older were surveyed. The local government of
Monzen randomly contacted 2,000 citizens aged from 50 to 80
years. Of those, 214 had deceased or were unable to be contacted,
leaving 1,786 from whom 1,105 (61.7% of the eligible) responded
and were subsequently examined. For reporting prevalence, a fur-
ther 67 cases were excluded due to lack of useful images; thus, 1,038
cases were re-evaluated (table 1).

Details of the other studies have been described elsewhere [4-6].
There were 1,045 participants in Iceland and 517 in Singapore. All
subjects gave informed consent, and all procedures adhered to the
provisions of the Helsinki declaration. From the above popula-
tions, cases aged from 50 to 69 years with grade O for cortical, nu-
clear and posterior subcapsular cataracts, according to the JCCESG
system, were selected as subjects for LTP analysis. Since the WHO
grade O for cortical and posterior subcapsular cataract includes the
early stage of that type of opacity, we used the JCCESG system to
investigate the characteristic change in transparent lenses. Cases
with diabetes mellitus were excluded from the LTP study. The
number of subjects for LTP analysis in Monzen, Singapore and
Iceland was 147, 153 and 386, respectively (table 2).

All of the subjects in Monzen were Japanese, those in Iceland
were Caucasian and 98% of those in Singapore were Chinese Sin-
gaporeans. The climatic environments of the survey locations are
shown in table 3.

The same methodology was used for all the surveys. With a
maximally dilated pupil, participants were examined by slitlamp
microscopy, and Scheimpflug slit images of lenses were document-
ed by the anterior eye segment analysis system [7] (EAS 1000,
Nidek).

Methodology for the LTP Study

In order to calculate LTP, measurement of the lens thickness
and densitometry for detecting the light scattering intensities were
performed along the theoretical optical axis of the eye. As, in sev-
eral eyes, pupil dilatation was not optimal and the whole lens thick-
ness had increased with aging, it was impossible to detect the pos-
terior capsule in some lenses. Since the authors have previously
reported that there is a very high correlation (r = 0.91) between the
anterior half of the lens and the full lens thickness [7], the distance
from the anterior capsule to the central clear zone was used to in-
dicate lens thickness. The intensity of light scattering was evalu-
ated in 256 gray steps digital values for the three representative
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Table 2. Number of cases with transparent lenses

. 605  Mean age
o . s
. years
Reykjavik
Males 99 (170) 68 (108) 167 (278) 57.7%x6.0
Females 130 (223) 89 (143) 219 (366) 57.7x5.6
All 229 (393) 157 (251) 386(644) 57.7%5.8
Singapore
Males 45 (82) 15(25) 60 (107) 56.5%+4.6
Females 68 (123) 25(37) 93 (160) 55.8+4.7
All 113 (205) 40 (62) 153 (267) 56.1x4.7
Monzen
Males 29 (52) 41 (70) 70 (122) 59.7+4.8
Females 43 (81) 34 (62) 77 (143) 58.5%+5.4
All 72 (133) 75(132) 147(265) 59.1%x5.1

LTP analysis was performed for the cases with bilateral
transparent lenses. Figures in parentheses indicate number of
eyes.

Table 3. Location and climatic conditions of the three survey
places

Relative Rainfall UVB

Location Alti-  Annual
tude average humidity mm/year ykJ/mz
m temperature % .
°C
Reykjavik 64°08° N 18.0 4.4 82 798 5.5
21°58 W
Singapore 0°17”N  32.0 26.7 84 2,172 29.2
103°5ST’E
Monzen 36°II’N 5.6 15.1 71 2,881 17.6
13523’ E

layers: A = the anterior capsular area including a part of the ante-
rior clear zone of disjunction; C = the anterior adult nuclear area
including a part of the deep cortical layer; E = the central clear zone
(fig. 1). LTP was calculated from the light scattering intensities of
the three lens layers and the distance of the layers according to the
previous report [1]:

LTP=A+C-AC+ E-AE,

where A, C and E refer to the light scattering intensities and AC
and AE are the thicknesses of the lens layers.

Methodology for the Prevalence Study

Grading Definition of Lens Opacification. Photographed images
from the Reykjavik Eye Study [4] and the Singapore-Japan Coop-
erative Cataract Study [5] were re-evaluated using the WHO sys-
tem. In accordance with the new classification system, another item
was added as grade CEN. This is where the central optical zone of

334 Ophthalmic Res 2004;36:332-340

Fig. 1. The points of lens layers (A, C, E) where light scattering was
measured: A = light scattering intensity of the anterior capsule;
B = light scattering intensity of the anterior adult nucleus; C = light
scattering intensity of the central clear zone.

3 mm in diameter is involved in cortical opacification in which
vacuoles, watercleft and congenital opacities are not included. The
lenses of the Monzen Eye Study were also analyzed applying the
WHO system. Although the original WHO grading system is aimed
at observers utilizing slitlamp microscopes, the grading and clas-
sification in this study utilized documented Scheimpflug and ret-
roillumination images.

Data collection and analysis were similar to the previous studies
[4-6]: number of subjects with advanced lens opacities, opacity
types and grades; if each eye of a subject had a different type of lens
opacity at the same grade, classification was done for the right eye
only; when comparing prevalences of the three main types of opac-
ities, cortical, nuclear and subcapsular, if each eye had the same
type of opacity at different grades, classification was done for the
higher grade only.

In the previous studies, subjects with aphakia or pseudophakia
in one or both eyes were excluded; however, in this study, subjects
with phakia in at least one eye were included; thus, subject num-
bers in this study differ from the previous ones (table 4).

Statistics. For data analysis, Student’st, x*> and Mantel-Haenszel
tests were applied.

Sasaki/Sasaki/Jonasson/Kojima/Cheng



Table 4. The number of analyzable

subjects Age, years - Reykjavik S\yin'gapore Monzen - .
males females total males females total males females total

50-59 165 191 356 84 127 211 71 120 191

60-69 142 210 352 107 115 222 153 213 366

70-79 115 129 244 42 31 73 135 169 304

=80 33 43 76 5 5 10 17 16 33

Total 455 573 1,028 238 278 516 376 518 894

Table 5. Light scattering intensity TP at points A, C, E and the distance between A and E (means + SD) in the three groups

‘ C, cct

A, cét E, cct AE,yrhm
| 50s 60s 50 60s 50 60s 505 60s
Reykjavik 1162154 129.5+18.4 144.4+33.0 o 184.3+38.8 81.2+11.5 101.2£13.8 2.28+0.17 2.42+0.18 -
Singapore 122.2£13.2 :]** 135.5+21.1 :l** 155.5+31.2 :] *% [87.4£36.8 :l** 90.6+9.2 :l** 99.5£10.9 :I** 2.45+0.19 :‘** 2.511£0.22 J**
Monzen 99.7£15.7 :| 106.7£15. 8:] 132.9429.5 ** 161.2£31.7 72.849.1 :l 81.2+11.1 :l** 245+0.21 2.55£0.23 08
cct = Computer-compatible tapes. * p <0.05, ** p <0.01.
Table 6. LTP of the three groups =
(means * SD) 50s 60s
Reykjavik Males 413.8+55.3 } 558.2+74.4 }
Females423.7¢64.0 J % | 538.8+72.3
Singapore Males 578.5+76.7 } 660.9£85.5 }
Females578.1472.9 J ™ 08 67261814 J S n.S.
Monzen Males 422.4+74.9 } ok 502.3+70.6 }
kk
Females395.7+64.1 465.3£70.1

*p<0.05, ** p <0.01, *** p < 0.005.

Results

Comparison of LTP in the Three Subject Groups

Light scattering intensity in layers A, C and E increased
with aging in all groups. In the three layers, light scatter-
ing intensity was significantly higher in the Singaporeans
followed by the Icelandic subjects. Lens thickness was
significantly thinner in the Icelanders than in the other
two groups in their 50s and 60s (table 5).

Racial Differences of Lens Transparency

LTP in the three groups increased linearly with aging
(fig. 2a—c). The rate of increase in LTP was 11.8/year,
10.1/year and 11.1/year in the Icelanders, Japanese and
Singaporean subjects, respectively.

Table 6 shows comparisons of LTP among the three
groups for ages of 50s and 60s and gender. LTP was sig-
nificantly higher than in Singaporeans followed by the
Icelandic subjects. LTP in Japanese was the lowest among
the groups.
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Fig. 2. Individual LTP in the subjects of Reykjavik (a), Monzen ¢ Age (years)
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Fig. 3. Distribution of the three main pure
types of lens opacification by age over 50
years. PSC = Posterior subcapsular cata-
ract. Number in columns shows % of corti-
cal and nuclear opacification.

Comparison of Lens Opacification Prevalence in the

Three Subject Groups

Figure 3 shows the distribution of three main pure
types and mixed types of opacification in the three subject
groups by age.

The pure cortical type in Singaporeans was found in
13.0,22.0 and 12.7% of subjects in their 50s, 60s and 70s,
respectively. The Japanese displayed 7.0, 32.3 and 48.2%,

336 Ophthalmic Res 2004;36:332-340

and Icelanders 6.2, 17.1 and 31.4% similarly. The pure
nuclear type was evident in 4.5, 24.5 and 23.8% of Sin-
gaporeans in their 50s, 60s and 70s. In the Japanese, prev-
alence was 1.7 and 11.5% in their 60s and 70s, and in
Icelanders 1.1, 8.3 and 20.2% in their 50s, 60s and 70s,
respectively. The prevalence of pure subcapsular opacifi-
cation was quite rare in all groups. The prevalence of
mixed type opacification in Singaporeans in their 60s and

Sasaki/Sasaki/Jonasson/Kojima/Cheng



Table 7. Prevalence (%) of three types of lens opacification of grades I-1II and II-III

[ . <Cortical opacification> : ” <Nuclear opacification> ” <Subcapsular opacification>
Subject groups Reykjavik - Singapore Monzen Revkjavik Singapore Monzen Reykjavik Singapore Monzen
Gender
Age (years) M F M+F M F M+F M F M+F M F M+F M F M+F M F o M+F M F o OMF M F M+F M F M+F
Gr. *k * *% * %
r ] 1 I 1 1
50-59 I-m 7.9 58 6.7 11.0 20.0 16.4 85 7.6 1.9 1.8 L6 L7 1.3 6.6 8.4 0.0 0.0 0.0 0.0 1.6 0.8 6.0 1.6 3.4 1.4 0.0 0.5
*x *%
f LA I
o-m 3.6 2.1 28 7.3 15,2 12.1 4.2 5.1 4.8 0.6 0.0 0.3 2.6 0.8 1.5 00 0.0 00 00 10 0.6 2.4 1.6 L9 0.0 0.0 0.0
Kk %
ok l ok ok 1 $k Kk
T 1 T ) 1 T ] 1
60-69 I-I0 20.4 16.8 18.3 39.6 38.9 39.3 228 43.3 347 11.3 9.1 10.0 41.2 43.9 426 2.6 1.9 2.2 21 1.4 L7 1.8 7.9 9.7 3.3 2.8 3.0
xk
% I ok ok % Aok
1T 1 I L1 1
o-m 11.3 12.5 12.0 347 283 313 16.1 32.7 25.8 4.2 2.9 3.4 15.5 10.3 12.7 2.0 1.0 1.4 1.4 0.5 09 88 4.4 6.5 1.3 0.9 1.1
Exd
LI ok Kk 1 ok *k
I L) 1 ¥ i 1
70— I-II 46.0 54.0 50.2 48.6 63.3 55.4 55.7 59.0 57.5 33.3 42.8 38.2 744 82.8 77.9 22.4 183 20.2 43 53 48 48.6 30.0 40.3 5.7 4.4 5.0
% 3
Fok F% 1 *% Kk
" 1 T l 1
I-I 30.9 36.0 33.6 457 40.0 43.1 42.1 458 44.1 16.3 13.8 150 51.3 51.7 51.5 9.8 9.5 9.6 2.9 33 3.1 2.6 267 239 29 3.1 3.0
*p<0.05 **p<0.0L.
Table 8. Prevalence (%) of grade CEN of cortical opacification
Age ~ Reykjavik Singapore ~ Monzen
males  females  both males  females both =~ males females both
Hkk *%
[ 1T ]
50-59 years 4.8 1.6 3.1 4.8 15.7 114 2.8 5.0 4.2
%
[ * kK * ]
[ 1T 1
60-69 years 12.7 13.8 134 243 27.8 26.1 10.5 254 19.1
70-79 years 33.0 38.8 36.1 31.0 323 315 31.9 40.2 36.5
>80 years 54.5 512 52.6 20.0 80.0 50.0 47.1 25.0 36.4

*p <0.05, ** p<0.01, *** p <0.005.

70s was markedly higher than in the Japanese and Ice-
landers of the same age. In both Japanese and Icelandic
subject groups, the pure type of cortical cataract increased
with aging. In particular, Japanese aged over 70 years
showed a quite high percentage of 48.2%.

Table 7 shows the distribution of the three main types
of opacities by age, gender and grade. This analysis was
different from the distribution of pure type. In cases
where subjects had more than one type of opacity, each
type was picked up. Overall, the prevalence of all three
types increased with aging. In detail, cortical opacifica-
tion in Singaporeans was significantly higher than in Jap-
anese and Icelanders; furthermore, a significant differ-
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ence in prevalence between Asians and Caucasians was
observed for ages 60-69 where no significant difference
was observed between the two Asian groups. The cortical
type predominated in Japanese and Icelanders of all ages,
whereas it was only dominant for Singaporeans in their
50s and grade II-III of those in their 60s. Regarding the
central optical zone involvement shown in table 8, the
prevalence of grade CEN was significantly higher in the
Singaporeans than the other two nationalities in their 50s
and 60s.

Interestingly (table 7), the prevalence of nuclear opaci-
fication in Singaporeans was markedly higher than that
in the other two nationalities for any age. A prevalence of
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Fig. 4. Prevalence of lens opacification in
the three subject groups including whole
types with over grade .

progressed nuclear opacification (grade II and over) was
not detected in the Japanese and Icelandic groups aged
50-59, and no significant difference at this grade existed
between Japanese and Icelanders aged 60-69; however,
at this age these subjects showed a significant difference
in prevalence of nuclear opacification of grades I-III.
Although the prevalence of subcapsular opacification
was very low in all nationalities and age groups, that seen
in Singaporeans was significantly higher (p < 0.05, p <
0.01) than those of the other two groups at every age.

Discussion

Among the majority of recent large-scale cataract epi-
demiologic studies, there are almost no discussions about
lens transparency changes with age from the standpoint
of lens research. Vrensen and Willekens [8] showed that
transparent lenses themselves reveal important informa-
tion regarding their future processes. Later, Fujisawa and
Sasaki [9] reported that light scattering intensity in lens
layers detected from Scheimpflug slit images increased
exponentially with age and estimated that the decreasing
ratio might accelerate from as early as the middle 40s and
there might exist racial differences. Based on the above
investigation, Sasaki et al. [1] proposed the concept of
LTP in 1999. Since this index is a useful measure of lens
clarity in relation to age, the authors aimed to reveal char-
acteristics of LTP in the three different racial groups Jap-
anese, Chinese-Singaporeans and Icelanders. There was
a high correlation of LTP increase with age for all three
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groups. This result shows that LTP is an appropriate
index to evaluate age-related changes in transparent
lenses.

Since the prevalence of nuclear cataract was signifi-
cantly higher in Singaporeans compared to the other rac-
es, the authors presume that the significantly higher LTP
seen in the Singaporean subjects showed that the trans-
parent lenses in Singaporeans are more aged than those
of the Japanese and Icelanders and are at higher risk of
lens opacification, especially nuclear cataract. Although
there was no significant difference in LTP between the
Japanese and Icelanders, it was higher in Icelanders than
in Japanese in their 60s, which might indicate the higher
prevalence of nuclear cataract in Icelanders than that in
Japanese. Regarding gender differences, male Japanese
in their 50s and 60s showed significantly higher values of
LTP than the respective females. The prevalence of nu-
clear cataract was slightly higher in males than in females
in their 60s, which might correlate with this difference.
Furthermore, we found that, in the subjects who were fol-
lowed up for more than 5 years, the incidence of early lens
opacity was higher in those with high LTP for age and
that it was very low in those with low LTP for age (un-
published data). Although further investigation is need-
ed, we assume that LTP may be a useful tool for the ear-
ly diagnosis of cataract.

In the mid 1990s, the WHO working group established
a new worldwide unified cataract classification system
that was officially released in 2002 [2]. Although this sys-
tem lends itself to observations of actual slitlamp images,
we had to convert data from judgments of photographed
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images from our previous studies for the present study.
Intraobserver and interobserver agreement of the classi-
fication of photographed images with the WHO system
was 95.0% with a k value of 0.925, and 77.5% with a k
value of 0.700 for cortical cataract, 91.9% with a k value
of 0.851 and 82.4% with a k value of 0.763 for nuclear
cataract and 92.6% with a k value of 0.876 and 88.4%
with a k value of 0.824 for posterior subcapsular cataract,
respectively. The above results suggest that without very
high-quality lens images from Scheimpflug or retroillumi-
nation photographs, this conversion would have been im-
possible. This kind of conversion had only been recom-
mended in special cases, but from now, researchers are
recommended to use this world unified classification sys-
tem together with their own classification system if the
latter is required. In fact Dr. West, a contributor to the
development of the new WHO system, was first to apply
the WHO system in a survey of cataract epidemiology in
an African population [10]. We hope that such compara-
tive studies will become commonplace in the field of cat-
aract epidemiology research in the near future. Another
characteristic of the WHO grading system, the one for
grading cortical opacification with central optical zone
involvement (CEN), correlates very well with visual acu-
ity. Grading of CEN may become a useful indicator in
judging visual impairment not only in epidemiologic
studies, but in daily clinical use.

Since discussion about the prevalence of lens opacifi-
cation in the three subject groups has previously been
covered [4-6], only the main characteristic points are
briefly mentioned in this article. As shown in figure 4, the
prevalence of lens opacification of grade over I in the
three subject groups seems to correspond with LTP change
with aging. The increase in prevalence in both Japanese
and Icelanders aged over 55 years shows almost the same
pattern. On the other hand, prevalence in the Singapor-
eans is markedly higher than that of the other two groups.
Figure 4 suggests that the progression rate of lens opaci-
fication in Singaporeans might be faster than that of Jap-
anese and Icelanders. The comparison of age-related
change in the prevalence of pure cortical cataract shows
a characteristic result (fig. 3). The prevalence in Japanese
and Icelanders increased with aging; however, the Singa-
poreans did not display the same tendency. The preva-
lence of the pure type of cortical cataract in 12.7% of
Singaporeans in their 70s would be quite meaningful. In
the prevalence of 52.4% of mixed type in Singaporeans
aged over 70 years, the rate of cortical opacification was
included; however, the high value of 48.2% pure type cor-
tical opacity prevalence in Japanese over 70 years might
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be specific to the Japanese race. Among the three main
types of opacities, cortical cataract was the predominant
type in Japanese and Icelanders in their 50s, 60s and over
70s.

Icelanders as Caucasians and Japanese as Asians
showed the same tendency for prevalence of age-related
opacification, but it should be noted that the Japanese
and Singaporeans, both Asians, did not. Solar UV expo-
sure rather than race could be considered as one of the
risk factors for cortical cataract formation and/or progres-
sion. As shown in table 3, the irradiation dose of UVB
was 5.5 kJ/m? in Reykjavik/Iceland, 29.2 kJ/m? in Singa-
pore and 17.6 kJ/m? in Monzen/Japan. The irradiation
dose in Singapore is 5.3 times higher and in Monzen/Ja-
pan 3.2 times higher than in Reykjavik/Iceland. Although
we cannot simply state that this shows a relationship be-
tween dose of solar UV irradiation and prevalence of cor-
tical opacification in the general population for a corre-
sponding area, the significantly higher prevalence of
cortical opacification in Singaporeans in their 50s and 60s
was particularly interesting for us having been strongly
involved in UV-related lens research. The prevalence of
nuclear opacity in Singaporeans was significantly higher
than in the other subjects for all age groups. The preva-
lence in Icelanders in their 60s and over 70s was higher
than in Japanese (p < 0.01) but that in Singaporeans was
remarkably higher. We conducted similar cataract epide-
miologic surveys in several locations in Japan including
the subtropical Amami islands [6, 11]. Including the
above studies, we knew that before the prevalence of nu-
clear opacification exceeded 50% of subjects, it increased
2.1-5.4 times per decade [6]. This result may suggest that
once nuclear opacification has started in a population, it
increases rapidly with aging. In Singaporeans, 8.4% of
participants developed nuclear opacity in their 50s, and
prevalence reached 42.6% in their 60s. The high preva-
lence of nuclear opacification at a rather young age is an
important indicator for a high prevalence after the age of
60. This tendency is reported for the general population
of Sumatra, Indonesia [12]. Furthermore, climatically
different places in Japan, i.e. Hokkaido in the north, Noto
in the central area and Okinawa in the south, have been
compared [11], and the prevalence of nuclear opacity in
the population of Okinawa was found to be significantly
higher than that of the two other places. Based on all of
the above studies, we are able to state that the general
population living in tropical and subtropical areas is at a
high risk for developing nuclear lens opacity at a rather
early age. West et al. [13] reported that Caucasians were
significantly more likely to have nuclear opacification
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than African Americans. However, another study in an
African (Tanzanian) population performed by Congdon
et al. [10], using the new WHO classification system, re-
ported a prevalence of nuclear cataract (grade I and over)
in Tanzanians in their 50s, 60s and over 70 years of 13.2,
28 and 59.2%, respectively. The corresponding preva-
lence in the Singaporeans in this study was 8.4, 42.6 and
77.9% (table 7). In contrast, their reported prevalence of
cortical opacification in Tanzanians was different from
ours (8.0, 17.0 and 23.5% for the 50s, 60s and over 70
years) [10]. Since both studies applied the same classifica-
tion system, the data are comparable. We do not have
enough information about the climatic conditions and
life style in Tanzania; however, their prevalence of nucle-
ar opacification showed a similarity to that of the Singa-
poreans.

Regarding the effect of high environmental tempera-
tures on cataract, few studies have been done [14]. A high
ambient temperature in daily life might be said to accel-
erate the aging process of inhabitants. The high preva-
lence of nuclear opacification or the high value of LTP in
Singaporeans might possibly have been influenced by
such conditions. Separately from the above speculation,
Kojima et al. [15] observed that the light scattering inten-
sity in the nuclear part of rat lenses was significantly high-
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To examine whether cortical taste neurons use spatial codes for
discriminating taste information, we investigated the spatial as-
pects of optical intrinsic signal (OIS) responses in the gustatory
insular cortex (GC) elicited by the administration of two essential
tastants, sucrose and NaCl, on the tongue. OIS responses to
sucrose appeared in the rostral part of the GC, whereas those to
NaCl appeared in the central part of the GC. Local anesthetization
of the tongue abolished OIS responses, and the administration of

Key words: Cortical taste area; Gustatory insular cortex; Guinea-pig; Spatial code

distilled water elicited no OIS response. Thus, taste information
elicited by sucrose and NaCl from the peripheral sensory organs
is segregated in the GC, suggesting that the information from
two essential tastants is assembled as spatial codes in the
primary cortical taste area through the process of taste quality
perception. NeuroReport 15:17-20 © 2004 Lippincott Williams &
Wilkins.

INTRODUCTION

Sucrose and NaCl are essential molecules for cell metabo-
lism, and are essential appetitive tastants for feeding.
Sensation and discrimination between the two tastants are
indispensable when animals ingest foods for survival. In
general, temporal and spatial codes of neural signals play a
significant role in sensory information processing in the
brain [1], and has been well established in visual informa-
tion processing [2,3] and olfactory information processing
[4,5]. As for taste information processing, controversy still
exists as to whether cortical taste neurons use temporal
codes or spatial codes for discriminating taste information
in the cortical taste area. Recent electrophysiological studies
revealed that many cortical taste neurons are multimodal
[6-8], responding to several tastants or other sensory
stimulation, and have an ability to discriminate source of
information by the frequency code of firing [9,10]. These
results suggest that temporal codes are involved in the
discrimination of taste information. However, in order to
discriminate taste information efficiently, cortical taste
neurons may use spatial codes, as well as frequency codes.
Previous electrophysiological studies predict that there is a
chemotopic arrangement for taste quality discrimination in
the cortical taste area [11], but this hypothesis has not been
confirmed because of lacking for the evidence with high
resolution of spatial dimension. Optical imaging based on
intrinsic signals has a high spatial resolution [12], and is useful
for studying the functional organization of the brain [13].
Using this imaging method, spatial aspects of neural activities
in olfactory bulb [14], somatosensory cortex [15], auditory
cortex [16] and visual cortex [17,18] have been reported. In the

present study, we investigated the spatial aspects of optical
intrinsic signal (OIS) responses in the gustatory insular cortex
that were elicited by delivering a solution of appetitive
tastants, sucrose and NaCl on the tongue.

MATERIALS AND METHODS

Guinea-pigs (350450 g) were anesthetized with Na-barbi-
turate (35mg/kg, i.p.). A specially designed head attach-
ment was fixed to the skull with tiny stainless steel screws
and dental cement, as described elsewhere [19]. The
animal’s head was fixed on the stereotaxic frame, and the
insular cortex, including rhinal sulcus and medial central
artery (MCA), was exposed with dura mater and a thinned
skull. The heart rate, rectal temperature and pneumorate
were monitored continuously. To prevent pain and dis-
comfort, the need for additional anesthesia was monitored
by EEG activity, and Na-barbiturate to maintain the animal
in a drowsy state was administered as needed. Local
anesthetics were applied periodically to the wound margin
to avoid pain.

Optical intrinsic signals (OIS; absorption changes at
602 nm) were recorded from the insular cortex with a video
camera (CS8310, Tokyo Electronic Industry, Tokyo, Japan).
The imaged area was 3.7 x 5.9 mm” and contained 137 x 216
pixels. The focusing depth was adjusted to 400-450 pm
below the cortical surface. Gustatory stimulation was
administered by delivering a solution of sucrose and NaCl,
respectively, on the tongue in the oral cavity. For control
experiments, distilled water (DW) was administered instead
of tastant solution. The trials were repeated 8-10 times, and

0959-4965 © Lippincott Williams & Wilkins

Vol 15 No | 19 January 2004 17



NEUROREPORT

H. YOSHIMURA ETAL.

each trial consisted of a pair of records with and without a
stimulation session. During the inter-trial period, the oral
cavity was washed with DW. Data were collected for 7s
with a frame length of 500ms (14 frames/record). In the
stimulating session, the stimulation was applied at frames
3-14, i.e. the stimulation was continued for 6s.

Data analysis was performed using IDL (Research
Systems Inc., Boulder, Co., USA) as follows. The OISs in
the first and second frames were averaged, and the basal
image that composed of the averaged signals was obtained.

(a)
Caudal Rostral
i resonanies R
(b)
Sucrose
NacCl
DW
Local anesthesia
Sucrose

Then, the OISs in all frames (from 1 to 14) were divided by
the averaged signals in the basal image, and we obtained
ratio images from frames 1-14. These individual ratio
images were collected from the records with and without
stimulation session, respectively. The collected ratio images
were filtered by using a Gausian spatial filter to eliminate
non-specific darkening (increased light absorption) caused
by the stimulus in the recording region and high frequency
noise [20]. For statistical analysis, a t-test was applied to the
intensities of each pixel in the filtered images between

MCA

Rhinal Sulcus

Fig.l. Time course comparison of OIS response images. (a) Optical recording area in the brain and a real image of the recording area. Location of rhinal
sulcus (blue line) and MCA (red line) are superimposed on the brain images. (b) Statistical responsive pixels (b <0.05, red spots) are superimposed on real
images of the recording area. Open arrows indicate the start of tastant or DW application on the tongue. The time windows at which OISs were recorded
are indicated above the images. (top, second top) Time course comparison of OIS images in the case of sucrose application and NaCl application. (third
top) Time course comparison of OIS images in the case of DW application. (bottom) Time course of OIS images in the case of sucrose application under

anesthetization of the tongue by a local injection of lidocaine.
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the with and without stimulation sessions. The statistical
analysis was applied to the data collected at frames 1-2, 4-5,
7-8, and 10-11 in 8-10 trials, that is, the data collected 1.0-0s
before, 0.5-1.5s after, 2.0-3.0s after and 3.5-4.5s after the
start of solution delivery to the tongue in one course of
experiments. We defined the statistically significant pixels
(p<0.05) as active signals in response to stimuli.

RESULTS

A time course comparison of statistical OIS images showed
that OIS responses to 0.5 M sucrose appeared 2.0-3.0s after the
start of tongue stimulation. The responsive area was localized
in the anterolateral insular cortex, dorsal to rhinal sulcus,
which is the rostral part of gustatory insular cortex (Fig. 1b,
top). OIS responses to 0.5M NaCl appeared 2.0-3.0's after the
start of tongue stimulation. The responsive area was localized
in the centrolateral insular cortex, dorsal to rhinal sulcus and
straddling MCA, which is the central part of the gustatory
insular cortex (Fig. 1b, second top). Thus, the sucrose-
responsive area is located relatively rostral of the gustatory
insular cortex when compared with the NaCl-responsive area.
The same relativities between sucrose- and NaCl-responsive
areas were observed in all seven animals.

In order to examine whether OIS responses to sucrose and
NaCl solution were responses to the tastants themselves,
DW was administered on the tongue. A time course
comparison of statistical OIS images clearly showed that
no OIS response was generated within the gustatory insular
cortex (Fig. 1b, third top). In order to examine whether OIS

a)
® Caudal

B

MCA

(b)
0.5-1.5s

-1.0-0s ﬂ

NaCl
0.05 M

NaCl
02M

responses to the tastants were responses to neural inputs
from peripheral organs on the tongue, the tongue was
anesthetized by a local injection of lidocaine, and sucrose
was administered on the tongue. A time course comparison
of statistical OIS images clearly showed that no OIS
response was generated within the gustatory insular cortex,
despite the delivery of the tastants on the tongue (Fig. 1b,
bottom). These results indicate that the OIS responses to
tastants we observed in this study are responses to
gustatory information from the tongue, and not responses
to somatosensory information from the oral cavity.

The contribution of tastant concentration to gustatory
information processing was investigated by comparing the
OIS responses of high concentrations of NaCl with that of
lower concentrations of NaCl. When 0.05M NaCl was
administered on the tongue, OIS responses began to appear
after 2.0-3.0s (Fig. 2b, top). When 0.2M NaCl was adminis-
tered, OIS response began after 0.5-1.5s (Fig. 2b, second top).
In addition, the density of statistical spots, in the case of 0.2 M
NaCl applications, was higher than that of 0.05M NaCl

DISCUSSION

The OIS recording methods for investigation of sensory
information processing allows a high resolution of spatial
dimension [12,13]. We can, therefore, identify the relative
location between areas in the same window of the brain
surface, if each area is responsive to appropriate sensory
stimulation and is localized. Figure 1 shows that
the sucrose-responsive area is localized relatively rostral

Rostral

.-.........».

Rhinal Sulcus

2.0-30s 3.5-45s

Fig. 2. Contribution of tastant concentration to cortical responses. (a) The real image of the recording area. (b) (top) Time course comparison of OIS
images in the case of 0.05 M NaCl application. (second top) Time course comparison of OIS images in the case of 0.2 M NaCl application.
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compared with the NaCl-responsive area in the gustatory
insular cortex. This result strongly suggests that cortical
taste neurons use spatial codes for discriminating taste
information between sucrose and NaCl. Thus, chemotopy
for the taste quality of two essential tastants may be
organized in the primary cortical taste area. This cortical
chemotopy may be assisted by a previous finding at the
subcortical level that the chemotopic organization for taste
quality is in the nucleus of solitary tract [21]. As for the
temporal dimension, the concentration of tastants may be
discriminated by the onset time of responses to taste
stimulation (Fig. 2b), as reported in a previous electro-
physiological study [22]. However, the contribution of
frequency code could not be addressed by the present
methods, due to their low temporal resolution. General taste
sensation is recognized as an integration of chemosensory
and somatosensory information, which should require both
spatial and temporal coding [9,23]. Electrophysiological
methods with high resolution of temporal codes may have
difficulty in interpreting the spatial aspects of neural
activities in the primary cortical taste area, since gustatory
insular cortex neurons receive not only chemosensory
afferents, but also somatosensory afferents by way of
thalamo-cortical pathways or horizontal cortico-cortical
pathways with frequency code information [23,24]. In the
present study, owing to a low temporal resolution of OIS
imaging methods, desynchronized elements or short activ-
ity elements might be canceled, resulting in the detection of
spatial aspects of chemosensory elements in the OIS images.

The results of the present study suggest that taste
information of sucrose and NaCl from the peripheral
sensory organs is segregated at the level of the gustatory
insular cortex. Further, the taste information of the two
essential tastants may be assembled as spatial codes in the
primary cortical taste area through the process of taste
quality perception. We examined only two basic tastants. In
general, the recognition of the source of sensory information
may require neural oscillation and synchronization between
functional neuron clusters [3,25]. In order to understand the
precise mechanisms of discriminating complicated taste
information, further investigations should examine how
different sensory information is integrated with frequencies
and temporal dynamics, based on spatial coding.

CONCLUSION

OIS imaging revealed that gustatory responses to the
administration of sucrose and NaCl on the tongue
assembled separately in the gustatory insular cortex,
suggesting that cortical taste neurons use spatial codes for
the discrimination of taste information between the two
essential tastants at the level of primary cortical taste area.

REFERENCES

1. Florey E. Frequency and amplitude codes of neuronal signals. In: Deecke
L, Eccles JC and Mountcastel VB (eds). From Neuron to Action. An
Appraisal of Fundamental and Clinical Research. New York: Springer-Verlag;
1990, pp. 413-419.

w

IS

o

o

N

o

e

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

Gilbert CD, Das A, Ito M, Kapadia M and Westheimer G. Spatial integration
and cortical dynamics. Proc Natl Acad Sci USA 93, 615-622 (1996).

. Singer W and Gray CM. Visual feature integration and the temporal

correlation hypothesis. Annu Rev Neurosci 18, 555-586 (1995).

. MacLeod K, Bicker A and Laurent G. Who reads temporal information

contained across synchronized and oscillatory spike trains? Nature 395,
693-698 (1998).

. Stopfer M, Bhagavan S, Smith BH and Laurent G. Impaired odour

discrimination on desynchronization of odour-encoding neural

assemblies. Nature 390, 70-74 (1997).

. Hanamori T, Kunitake T, Kato K and Kannan H. Responses of neurons in

the insular cortex to gustatory, visceral, and nociceptive stimuli in rats.
J Neurophysiol 79, 2535-2545 (1999).

Ogawa H, Hasegawa K and Murayama N. Difference in taste quality
coding between two cortical taste areas, granular and dysgranular insular
areas, in rats. Exp Brain Res 91, 415424 (1992).

. Yamamoto T, Matsuo R, Kiyomitsu Y and Kitamura R. Taste responses of

cortical neurons in freely ingesting rats. | Neutophysiol 61, 1244-1258 (1989).

. Katz DB, Simon SA and Nicolelis MA. Dynamic and multimodal

responses of gustatory cortical neurons in awake rats. ] Neurosci 21,
4478-4489 (2001).

Katz DB, Simon SA and Nicolelis MA. Taste-specific neuronal ensembles
in the gustatory cortex of awake rats. ] Neurosci 22, 1850-1857 (2002).
Yamamoto T, Yuyama N, Kato T and Kawamura Y. Gustatory responses
of cortical neurons in rats. II. Information processing of taste quality.
J Neurophysiol 53, 1356-1369 (1984).

Frostig RD, Lieke EE and Ts'o DY and Grinvald A. Cortical functional
architecture and local coupling between neuronal activity and the
microcirculation revealed by in vivo high-resolution optical imaging of
intrinsic signals. Proc Natl Acad Sci USA 87, 6082-6086 (1990).
Bonhoeffer T and Grinvald A. Optical imaging based on intrinsic signals:
the methodology. In: Toga A and Mazziotta JC (eds). Brain Mapping: The
Methods. San Diego: Academic Press; 1996, pp. 55-97.

Rubin BD and Katz LC. Optical imaging of odorant representations in the
mammalian olfactory bulb. Neuron 23, 499-511 (1999).

Blood AJ, Pouratian N and Toga AW. Temporally staggered forelimb
stimulation modulates barrel cortex optical intrinsic signal responses to
whisker stimulation. | Neurophysiol 88, 422-437 (2002).

Tsytsarev V and Tanaka S. Intrinsic optical signals from rat primary
auditory cortex in response to sound stimuli presented to contralateral,
ipsilateral and bilateral ears. NeuroReport 13, 1661-1666 (2002).
Bonhoeffer T and Grinvald A. Iso-orientation domains in cat visual cortex
are arranged in pinwheel-like patterns. Nature 353, 429-431 (1991).

Das A and Gilbert CD. Long-range horizontal connections and their role
in cortical reorganization revealed by optical recording of cat primary
visual cortex. Nature 375, 780-784 (1995).

Onoda N, Imamura K, Obata E and lino M. Response selectivity of
neocortical neurons to specific odors in the rabbit. | Neurophysiol 52, 638—
652 (1984).

Tsunoda K, Yamane Y, Nishizaki M and Tanifuji M. Complex objects are
represented in macaque inferotemporal cortex by the combination of
feature columns. Nature Neurosci 4, 832-838 (2001).

Harrer MI and Travers SP. Topographic organization of Fos-like
immunoreactivity in the rostral nucleus of the solitary tract evoked by
gustatory stimulation with sucrose and quinine. Brain Res 711, 125-137
(1996).

Yamamoto T, Yuyama N, Kato T and Kawamura Y. Gustatory responses
of cortical neurons in rats. I. Response characteristics. ] Neurophysiol 51,
616-635 (1984).

Katz DB, Nicolelis MA and Simon SA. Gustatory processing is dynamic
and distributed. Curr Opin Neurobiol 12, 448-454 (2002).

Yoshimura H, Kato N, Sugai T, Segami N and Onoda N. Age-dependent
appearance an insulo-parietal cortical signal propagation that elicits a
synchronized population oscillation in the parietal cortex of rats. Dev
Brain Res 143, 245-251 (2003).

Salinas E and Sejnowski TJ. Correlated neuronal activity and the flow of
neural information. Nature Rev Neurosci 2, 539-550 (2001).

Acknowledgements: We thank Dr N. Kato for his valuable advice on our manuscript, and Mr H. Adachi and Mr S. Muramoto for
technical assistance. This work was supported in part by grants from the Ministry of Health, Labour and Welfare of Japan (a Health
Science Research Grant to H.Y. and S. N.) and Kanazawa Medical University (a Grant for Collaborative Research, No. $2003-9,
to H.Y.and N. Q).

20 Vol I5 No I 19 January 2004



Available online at www.sciencedirect.com

SCIENCE(dDIRECT'

Brain Research 1015 (2004) 114121

BRAIN
RESEARCH

www.elsevier.com/locate/brainres

ELSEVIER

Research report

To-and-fro optical voltage signal propagation between the insular
gustatory and parietal oral somatosensory areas in rat cortex slices

Hiroshi Yoshimura®®, Nobuo Kato®*, Tokio Sugai® Makoto Honjo?, Jun Sato?
Natsuki Segami®, Norihiko Onoda®

# Department of Oral and Maxillofacial Surgery, Kanazawa Medical University, Uchinada 920-0293, Japan
® Department of Physiology, Kanazawa Medical University, Uchinada 920-0293, Japan
¢ Department of Integrative Brain Science, Kyoto University Graduate School of Medicine, Kyoto 606-8501, Japan

Accepted 9 April 2004
Auvailable online 4 June 2004

Abstract

Taste perception depends not only on special taste information processed in the insular cortex, but also on oral somesthetic processing in
the parietal cortex. Many insular cortex neurons show multimodal responsiveness. Such multimodality may be enabled by signal exchange
between these two cortices. By using the protocol that we have developed, a synchronized population oscillation of synaptic potentials was
induced in the parietal cortex by stimulation to the insular cortex in rat neocortex slices. The spatiotemporal pattern of propagation of this
oscillation was studied by recording voltage-sensitive optical signals and field potentials. The first wavelet of the oscillation was propagated
from the insular stimulation site to the parietal cortex. However, the second and later wavelets propagated back from the parietal cortex to the
insular cortex. The oscillation was detected in the insular cortex as well, but was actually generated in the parietal cortex. Thus, the initial
peak of optical signal, sent from the insular to parietal cortex, served to generate oscillatory responses in the parietal cortex, which propagated
back to the insular cortex wave-by-wave. We propose that this to-and-fro propagation may be an artificially exaggerated demonstration of an
intrinsic mechanism relevant to signal exchange between the parietal and insular cortices.
© 2004 Elsevier B.V. All rights reserved.

Theme: Excitable membranes and synaptic transmission
Topic: Postsynaptic mechanisms

Keywords: Insular cortex; Parietal cortex; Caffeine; Optical recording; Horizontal propagation; Population oscillation

1. Introduction

The insular cortex, located dorsal to the rhinal sulcus, is
regarded as the primary taste area [5,9,11,13,20,22,23,
30,32]. General somesthetic sensation of the oral cavity,
on the other hand, is held to be projected onto the ventral
part of the parietal cortex adjacent to the insular cortex [S—
7,9,23]. In the insular cortex, many neurons respond to both
gustatory and oral somatosensory stimulation, hence exhib-
iting multimodal responsiveness [2,9,12,24]. Responses of
some insular multimodal neurons to tastant stimulation are

* Corresponding author. Tel.: +81-75-753-4678,; fax: +81-75-753-4486.
E-mail address: £50207@sakura.kudpc.kyoto-u.ac.jp (N. Kato).

0006-8993/% - see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.brainres.2004.04.056

reported to have a complex temporal structure lasting for a
few second, during which time neurons respond first to
somatosensory aspects of tastants, then to gustatory aspects
and finally to both [6,7]. To maintain such a temporally
structured multimodal responsiveness, a sustained commu-
nication between the insular and parietal cortex would be
beneficial, even though subcortical structures may also
participate in this processing.

Recently we have reported that insular cortex stimulation
can elicit synchronized population oscillation of synaptic
potentials in the parietal cortex, but not in the insular cortex
[27], by using the procedure that we have developed in rat
visual cortex slices [25,26,28]. In complementary experi-
ments, stimulation to the parietal cortex itself elicited the
same oscillation in the parietal cortex but not in the insular
cortex, suggesting that the parietal cortex is more prone to
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induce oscillation than the insular cortex [29]. Once tissue
was ready for oscillation, an episode of stimulation was
evoked in the parietal cortex by a single stimulation and
lasted about 1 s. This oscillation might be suitable to support
a sustained temporal structure of neuron responsiveness.
However, insofar as remaining within the parietal cortex, the
oscillation would never be relevant to the multimodality. In
the present report, by using the optical recording method
with a voltage-sensitive dye, we attempted to record optical
signals in the window covering both the insular and parietal
cortices to elucidate the spatiotemporal pattern of the
oscillation on a wider scale.

2. Materials and methods
2.1. Animals and slice preparations

All the experiments were performed in accordance with
the guideline for ethical use of animals approved by the
Japanese Physiological Society. Wistar rats (28—40 days of
age) were decapitated under ether anesthesia, and the brains
were quickly removed and soaked into cold medium (2—4
°C) consisting of (in mM) NaCl 124, KCI 3.3, KH,PO,
1.25, MgS0, 1.3, CaCl, 2, NaHCOj; 26, and p-glucose 10,
saturated with 95% ©O,~5% CO,. Coronal slices (350 pm
thick) including the insular and parietal cortices anterior to
the middle cerebral artery (MCA) were made. After cutting,
slices were incubated in a chamber, different from the
recording chamber, at room temperature (18—23 °C) for
at least 1 h before starting the recording session.

2.2. Field potential recording

The slices were placed in a submerged-type chamber set
on the stage of an upright microscope (Olympus IMT-2) and
perfused with medium (30 °C) at 5 ml/min. Field potential
recordings were made from the parietal cortex and the dorsal
insular cortex facing the rhinal sulcus, as previously de-
scribed [27]. Micropipettes for field potential recordings were
filled with 3 M NaCl and inserted into layer II/III of the
insular or the parietal cortex (6—10 M(2). A bipolar tungsten
electrode, consisting of parallel tungsten wires, was inserted
into layer IV of the insular cortex (the border region between
the agranular and dysgranular insular cortices) for stimulation
(duration, 80 ps; intensity, 250—350 wA). Synaptic responses
were evoked by single pulse stimulation at 0.03-0.3 Hz,
recorded with a bridge-equipped amplifier (Axoclamp-2B,
Axon Instruments, Foster City, USA), digitized by an AD
converter (at the rate of 2.5-5 kHz; Digidata 1200, Axon
Instruments), and stored in a PC for off-line analysis.

2.3. Optical recording

We used high-speed optical recording methods with
voltage-sensitive dyes, so as to observe spatiotemporal

dynamics of neural activities. The details of optical record-
ing system used in this study have been described elsewhere
[18,19,28]. Before optical recording started, the slices were
incubated with the voltage-sensitive dye NK2761 (0.125
mg/ml, purchased from Nihon Kanko, Okayama, Japan) for
20 min, and then transferred to the recording chamber. The
camera unit of the optical imaging system (Fujix HR
Deltaron 1700; Fuji Photo Film, Tokyo, Japan) contains a
photodiode array of 128 X 128 elements. With an X 10
objective, the whole array corresponded to a 2.24 X 2.24
mm? area of tissue. The light for absorption measurements,
generated by a tungsten-halogen lamp (150 W), passed
through a heat absorption filter and a narrow band interfer-
ence filter, before being focused on the preparation. Illumi-
nation was controlled by electromagnetic shutter to avoid
dye bleaching or photodynamic damages. Sixteen responses
elicited by cortical stimulation were averaged to form a run.
Neural activities were recorded as intensity changes of
transmitted light hitting each photodiode. Images are cap-
tured every 0.6 ms. Recordings shown are averages over 16
traces. Relative increase of optical signal was expressed as a
time-sequence of the whole image, or was plotted against
time for each regions of interest (ROIs).

2.4. Drugs used

According to the purposes of experiments, the following
chemicals (purchased from Wako, Osaka, Japan) were
added to medium: caffeine, 3.0 mM; p-2-amino-5-phospho-
novaleric acid (APS5), 15 pM; thapsigargin, 15 pM.

3. Results

Both the areal border between the insular and parietal
cortices and the cortical laminar delineation were deter-
mined by observing cytoarchitectonic features in some
slices and more macroscopic landmarks in the other slices,
as discussed in our previous reports [27]. The criteria for
delineation were based on description in the atlases by
Swanson [20] and by Zilles [32]. Also, in the light of
Remple et al. [14] and Shi and Cassell [16], it is clear that
the slices used in the present study contained both the taste
part of the insular cortex and the lingual part of the primary
somatosensory area.

In slices containing both areas, intracortical electrical
stimulation was delivered to layer IV of the insular cortex. In
normal medium, both the field potentials and optical signals
evoked by this stimulation were small and restricted (Fig.
1A; in 5/5 slices). Optical imaging showed that this small
response was localized in the vicinity of the stimulated area,
without spreading toward the parietal cortex (Fig. 1B). We
then changed the medium into a caffeine-containing one,
and attempted to evoke oscillation of synaptic potentials by
using the same methods that we have developed for the
induction of synchronous oscillation in the visual cortex
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Fig. 1. A small solitary response elicited by stimulation to the insular cortex in normal medium. (A) The response was detected in layer IVIII of the insular
cortex by both field potential recording and optical recording. (B) Optical images superimposed on illustration of the recorded slice. The optical signal is
restricted to the insular cortex. The post-stimulus time is indicated at the bottom of each image. The site of stimulation was illustrated (Stim.).

[25,26,28]. Once the oscillation was induced, insular cortex
stimulation evoked voltage signals that spread to the parietal
cortex (Fig. 2A; in 5/5 slices), in contrast to the locally
restricted response in normal medium (Fig. 1B). All the
experiments described below were done in caffeine-contain-
ing medium.

We looked into details of the spatiotemporal pattern of
this voltage signal by plotting the time course of signal
intensity recorded from each of 30 regions of interest
(ROIs). These ROIs were aligned tangentially at each level
of three different cortical depths (Fig. 2B). The voltage
signals showed oscillation in layers II/III and IV of the
parietal cortex and in layer IV of the insular cortex (Fig. 2C).
The frequency of this oscillation was 9.6 £ 0.3 Hz (N=5).
In our previous study [27], although the same procedure
resulted in induction of the oscillation in the parietal cortex
in slices obtained from rats of similar ages, we failed to
detect the oscillation in layer IV of the insular cortex by field
potential recording. Our previous field potential recordings,
obtained strictly from narrow spots depending on the
locations of recording electrodes, are likely to have missed
the oscillation in the insular cortex. We presume that the
present experiments finally detected this oscillation with
optical recording, which offers a spatially continuous mon-
itoring of the whole surface of a part of the insular cortex.
Only the initial peak of the oscillatory episode (Fig. 2C,
arrows) is illustrated in the sequence of images shown in
Fig. 2A, while the second and following waves appear in
images captured later.

Peak-by-peak comparison among signals obtained from
the tangentially located ROIs in layer IVIII (Fig. 2C, red
line) indicates that the peak of the first wave came the later

at more distant ROIs from the insular stimulation site,
confirming the insulo-parietal propagation of the voltage
signal revealed by imaging (Fig. 2A). Imaging also sug-
gested that this initial propagation was mediated by three
pathways along layer II/IlI, layer IV and layer V/VI, since
elongation of apparently three parallel red bands, indicating
relatively highest voltage signals, progressed from 42.6 to
54.6 ms post-stimulus (Fig. 2A; the third to fifth images
from the left). How these three propagation paths are
correlated is not investigated yet, though the propagation
along layer II/IIT looks most prominent in the pseudo-color
images. However, when the real intensity data, instead of
the pseudo-color appearance in images, was used for calcu-
lation, the throughput velocity of propagation of the first
wave was 72.8 + 10.0 mm/s in layer IV/III and 69.8 + 11.2
mm/s in layer IV (N=35), which are not significantly
different from each other. The peak amplitude of the first
wave in layer II/III was 0.08 £0.005% at the border
between the insular and parietal cortices, and significantly
larger than in layer IV (0.04 & 0.003%; P<0.01). Based on
the peak amplitude, we presume that the major route of the
present insulo-parietal propagation is through layer II/III. A
possibility therefore arises that the signal propagation in
layer IV may result from short-distance vertical propagation
from layer II/II1, rather than a real propagation through layer
IV. However, the velocity data suggest, on the contrary, that
the signal in layer IV may not necessarily follow that in
layer II/ITL. It has yet to be further elucidated by which route
the to-and-fro propagation spread.

The second and later peaks of the oscillation, by contrast,
emerged first at ROI 8 (Fig. 2C). Peak-by-peak comparison
indicated that these later waves propagated bi-directionally
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Fig. 2. Occurrence and propagation of oscillation evoked in the parietal cortex by insular stimulation. (A) The insulo-parietal propagation of the very initial part
of the response detected by optical imaging. (B) Locations of ROIs. Optical signals were collected from these ROIs and illustrated in C. Three tangential series
of ROIs are placed in layers II/III, IV and V/VI, respectively. The insulo-parietal border is located between ROI 4 and ROI 5. (C) The time courses of optical
signals for 30 regions of interest (ROIs, Fig. 2B). The peaks of the first waves were fitted with the red lines, and the two series of later peaks with the blue lines.
Note that blue lines are not straight but have a reflection point at ROI 8, indicating that the second and later peaks emerge first at ROI 8 and then propagate bi-
directionally. (D) Averaged time-to-peak of first, second and third waves at ROI 3 to ROI 8. The ROI-by-ROI changes in the time-to-peak clearly indicate that
the first wave propagated from the insular to parietal cortex, whereas the second and third waves propagated in the opposite direction.
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Fig. 3. Aborted induction of oscillation in the isolated insular cortex. (A) Arrangement of stimulation and recording electrodes and the location of cutting. (B)
Although the same protocol to induce oscillation was imposed, no oscillation in field potentials was generated in the insular or parietal cortex by stimulating the

insular cortex isolated from the parietal cortex.

from ROI 8 toward ROI 7 as well as toward ROI 9 (Fig. 2C,
blue lines). Such bi-directional sequences of the peaks
strongly suggest that the generator of the oscillation is
located near ROI 8. Downward propagation of these waves,
from ROI 8 through ROI 7, reached the insular cortex in
layer IV only, whereas the oscillation disappeared within the
parietal cortex in layer I/IIL. In layer V/VI, the oscillation
was not obviously detectable even in the parietal cortex. It is
thus shown that the initial wave propagated from the insular
to parietal cortex along layer II/IIl and layer IV, while the
oscillation is generated in the parietal cortex and traveled
back to the insular cortex along layer IV (Fig. 2C, blue
lines).

We then averaged the time-to-peak of the first three
waves recorded at ROI 3-8 over different slices, and
compared the ROI-by-ROI progression of time-to-peak of
the waves (Fig. 2D), which convincingly confirmed the
forward propagation of the first wave from the insular to
parietal cortex, and the backward propagation of the second
and third waves. For the second wave, the time-to-peak was
200.3 +10.6 ms (N=5) at ROI 8, which is significantly
smaller than that at ROI 4 (234.7 + 10.0 ms, P<0.05),
confirming the backward propagation. For the third wave
also, the time-to-peak was 310.0 £ 13.7 ms (N=15) at ROI 8,
which is significantly smaller than that at ROI 4 (347.0 £9.1

A Parietal Cortex

Field

Optlcal MM

100 ms

ms, P<0.05), pointing again to a backward propagation.
The inter-peak interval between the peak of the second and
third waves was 117.7+7.3 ms (N=5) at ROI 8 and
111.1 £9.3 ms (N=5) at ROI 5, indicating no significant
phase shift during the backward propagation.

To confirm the inability of the insular cortex to generate
oscillation, cutting was made between the insular and
parietal cortices, and induction of oscillation was attempted
by insular stimulation. No oscillation was observed in this
isolated insular cortex (Fig. 3; in 4/4 slices), indicating that
the insular cortex was unable to generate oscillation by
itself. This result confirms that the oscillation recorded in
layer IV of the insular cortex resulted from the parieto-
insular propagation of the oscillation generated in the
parietal cortex.

Robustness of the oscillation in the parietal cortex was
confirmed by field potential recordings. Simultaneous
recordings of optical signals and field potentials from layer
II/III of the parietal cortex showed correspondence in both
the frequency and phase between the oscillation recorded by
these two different methods (Fig. 4). The frequency was
9.9+ 0.5 Hz (N=4) for both field and optical recordings.
There were no significant differences in the time-to-peak of
the second wave (192.0 = 19.4 ms for field recording vs.
191.0 + 18.9 ms for optical recording, N=4) or the third

B
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Fig. 4. (A) Synchronized population oscillation recorded simultaneously by field potential and optical recording from the parietal cortex. The oscillation
appears more robust in field potential recording, presumably because of the better signal-to-noise ratio. (B) Stimulation and recording sites are illustrated. In the

lower part of the illustration, the circle indicates the anterior commeasure.
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Fig. 5. Pharmacological dissection of the mechanisms whereby to elicit the oscillation and propagation. Once the oscillation was induced, the NMDA receptor
blocker AP5 (A) or the calcium store depletor thapsigargine (B) was bath-applied. Both drugs left the insulo-parietal propagation of the first wave intact, but
abolished the once-induced oscillation. Like the oscillation, backward propagation from the parietal cortex was once induced and abolished by either drug. The
alphabets on the left of recordings correspond with the recording sites illustrated in C. Scale bars applicable to both A and B; 1 mV, 100 ms. (C) The stimulation

and recording sites are illustrated. Alphabets indicate the recording sites.

wave (294.5 £ 22.1 vs. 293.5 £ 21.6 ms, N=4). The inter-
peak interval between the second and third waves was
102.5+ 7.6 ms (N=4) for field potential recording and
102.5 + 6.7 ms for optical recording, which did not differ
significantly. The signal-to-noise ratio was always better in
field potential recordings. This oscillation in field potentials
is likely to reflect synchronous oscillation of synaptic
potentials, as we have shown precisely by dual intracellular
recording in the visual cortex [25].

Our previous studies [25,26] showed that induction of
this oscillation depend on NMDA receptors and intracellular
calcium release. In the present experiments also, application
of either the NMDAR blocker APS (15 uM; in 7/8 slices) or
the intracellular calcium store depletor thapsigargin pre-
vented induction of both the oscillation and insulo-parietal
propagation of field potentials (15 pM; 4/5 slices). Howev-
er, once tissue was prepared to generate the oscillation, both
of these drugs abolished the oscillation in the parietal and
insular cortex, but left the insulo-parietal propagation intact
(in 5/5 slices for AP5 application, Fig. 5A; in 3/3 for
thapsigargin application, Fig. 5B). On the other hand, either
drug abolished the parieto-insular backward propagation
along with the oscillation of the parietal cortex. This result
is consistent with our conclusion that the oscillation
recorded in the insular cortex (Fig. 2C) is actually not
generated in the insular cortex but due to backward prop-
agation of the oscillation generated in the parietal cortex.

4. Discussion

The present findings were obtained by using our oscilla-
tion model, in which a synchronized population oscillation is
stably induced in caffeine-containing medium in rat neocor-
tex slices [25—29]. The same type of oscillation, as in the
present study, was generated previously in the secondary
visual cortex [28] and the parietal cortex [27,29], whereas
induction failed in the primary visual or insular cortex even
under caffeine application. This difference of inducibility is

presumably due to area-specific differences in neuron cir-
cuitry, since caffeine application is unlikely to affect an area
specifically, but not another, in the same slice.

In the present experiments, although the same site was
stimulated and the same oscillation generated as previously
[27], we have recorded from the insular and parietal cortices
at the same time by the optical method. It became thereby
possible to reveal that the oscillation generated in the
parietal cortex by insular stimulation backpropagates to
the insular cortex. Thus, between these two cortices, a to-
and-fro communication of voltage signal has been docu-
mented. These findings may originate from the combination
of two artificial conditions that we used here, caffeine
application and electrical stimulation. These two are likely
to enhance output signals from the stimulation site, which
could have induced a purely artifactual propagation of
signals. However, another interpretation is also possible that
the neuron circuitry in the parietal and insular cortices may
be basically so organized as to enable this type of to-and-fro
signal propagation, and such circuitry may be usually
dormant but activated in the present experimental condi-
tions. Such an innate organization of neuron circuits, if ever
existed, would be consistent with the heterogeneity across
cortical areas in the ability of generating synchronized
population oscillation that we discussed above.

The crucial question at this point is whether the exper-
imentally enhanced excitation is only too artificial, and
never occurs in the real brain. Of course, a macroscopically
observable excitation, synchronized over a wide cortical
area, would be unrealistic in the physiological condition.
However, at the level of neuron clusters or modules, a
critical mass of neurons might fire synchronously to recruit
a limited part of the neuron circuitry for a to-and-fro
propagation. For instance, it is well known on the basis of
extracellular unit studies that neurons within a single col-
umn in the visual cortex have the same or similar firing
properties, and therefore could fire simultaneously on phys-
iological stimulation such as moving bars. On the mass
recording level also, such columnar activation has been
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imaged in vivo by the optical method [4,10,21]. Also, it has
been repeatedly documented that synchronized oscillation in
the visual cortex in response to visual, as opposed to
electrical, stimulation is detectable in the form of field
potentials as well as single units [3]. Furthermore, cortico-
cortical projections among the visual cortices are known to
be linked in such a way that functionally relevant locations,
which for example share the same orientation preference,
are connected reciprocally and serve to refine receptive field
properties [1,8,15,17,31]. Given these locally condensed
corticocortical connections between neuron modules or
columns, it might be quite reasonable to imagine that a
highly excitable state comparable to that induced globally in
the present study is reproduced to a much lesser extent by
physiological stimulations. Then a similar to-and-fro prop-
agation might really occur between functionally relevant
neuron modules in vivo, and serve as a means of commu-
nication between two different sensory cortices.

Finally, a to-and-fro propagation between the insular
gustatory and parietal oral somatosensory cortices was
induced by an apparently peculiar procedure in the present
study. If this propagation was not a pure artifact, it might
serve as a means of communication between two different
sensory cortices.
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Introduction

Signals from various sensory organs are delivered to the brain where
sensory information is generated from the signals. The information
is represented on the brain in the form of temporal and spatial codes,
which enable us to create inner an representation of the outer world
(Florey, 1990). In the neocortex, the information consisting of the
spatial codes is principally arranged in the primary sensory area as a
receptive field, by way of anatomical column formation. The infor-
mation consisting of temporal codes, such as frequency and phase
dynamics, also plays an important role for synchronization of neural
activities or strengthening signal amplitudes. Interaction or integra-
tion of the information by way of intra-cortical or cortico-cortical
connections enables the temporal and spatial codes to link (Singer
and Gray, 1995; Gilbert et al., 1996; Salinas and Sejnowski, 2001).

As for taste information processing, controversy still exists as to
whether cortical taste neurons use temporal codes or spatial codes
for discriminating taste information in the cortical taste area.
However, it may be presumed that cortical taste neurons use spatial
codes as well as frequency codes in order to discriminate taste infor-
mation efficiently. Previous electrophysiological studies predict that
there is a chemotopic arrangement for taste quality discrimination in
the cortical taste area, but this hypothesis has not been confirmed
because of lacking for the evidence with high resolution of spatial
dimension. Optical imaging based on intrinsic signals has a high
spatial resolution (Frostig et al , 1990) and is useful for studying the
functional organization of the brain (Bonhoeffer and Grinvald,
1996). Here, we investigated the spatial aspects of optical intrinsic
signal (OIS) responses in the gustatory insular cortex that were elic-
ited by delivering a solution of tastants on the tongue.

Materials and methods

Guinea-pigs were anesthetized with Na-barbiturate. The insular
cortex, including rhinal sulcus and middle cerebral artery (MCA),
was exposed with dura mater and a thinned skull. Optical intrinsic
signals (OISs) were recorded from the insular cortex with a video
camera. An area dimension and number of pixels are 8.7 x 6.5 mm?
and 320 x 240, respectively. The focusing depth was adjusted to
~400 pm below the cortical surface. Solutions of tastants were deliv-
ered on the tongue in the oral cavity. We used NaCl, sucrose, quinine
and HCl for taste stimulation.

Gustatory stimulation was administered by delivering a solution
of NaCl, sucrose, quinine and HCI, respectively, on the tongue. The
trials were repeated eight to ten times and each trial consisted of a
pair of records with and without a stimulation session. During the
inter-trial period, the oral cavity was washed with distilled water
(DW). OIS data were collected for 7 s with a frame length of 500 ms.
There are 14 frames per record. In the stimulating session, the stimu-
lation was applied at frames 3-14, i.e. the stimulation was continued
for 6 s. The statistical analysis was applied to the data collected in
frames between with and without a stimulation session. We defined
the statistically significant pixels (P < 0.05) as active signals in
response to stimuli. The details of the OIS recording system and the

statistical analysis have been described in our recent report
(Y oshimura et al., 2004c).

Results

According to the methods above-mentioned, OIS recording and
statistical analysis were executed. In the case of sucrose application,
a time course comparison of OIS images showed that OIS responses
to sucrose appeared at 2.0-3.0 s after the start of tongue stimulation.
The responsive area was localized in the rostral part of gustatory
insular cortex. In the case of NaCl application, a time course
comparison of OIS images showed that OIS responses to NaCl

‘appeared at 2.0-3.0 s after the start of tongue stimulation. The

responsive area was localized near the MCA in the gustatory insular
cortex. Thus, the sucrose-responsive area is located relatively rostral
of the gustatory insular cortex when compared with the NaCl-
responsive area.

In order to examine whether OIS responses to sucrose and NaCl
solution were responses to the tastants themselves, DW was admin-
istered on the tongue. A time course comparison of OIS images
clearly showed that no OIS response was generated within the gusta-
tory insular cortex. In order to examine whether OIS responses to the
tastants were responses to neural inputs from peripheral organs on
the tongue, the tongue was anesthetized by a local injection of lido-
caine and sucrose was administered on the tongue. A time course
comparison of OIS images clearly showed that no OIS response was
generated within the gustatory insular cortex, despite the delivery of
the tastants on the tongue. These results indicate that the OIS
responses to tastants we observed in this study are responses to
gustatory information from the tongue, and not responses to
somatosensory information from the oral cavity.

The contribution of tastant concentration to gustatory informa-
tion processing was investigated by comparing the OIS responses of
high concentrations of NaCl with that of lower concentrations of
NaCl. When low concentration of NaCl was administered on the
tongue, OIS responses began to appear after 2.0-3.0 s. On the other
hand, when high concentration of NaCl was administered, OIS
response began after 0.5-1.5 s. In addition, in case of high-NaCl
applications, the area of statistical spots was wider in rostro-caudal
dimension than that of low-NaCl application. As for the temporal
dimension, the concentration of tastants may be discriminated by the
onset time of responses to taste stimulation.

In the same way, sucrose-, NaCl-, HCI- and quinine-responsive
areas were compared. When low-concentration of tastants were
administered, the areas of OIS in response to each tastant were
spatially separated. Sucrose-, HCl-, NaCl- and quinine-responsive
areas were arranged in rostro-caudal direction. When high-concen-
tration of tastants were adnunistered, OIS responses appeared in the
rostral part, near the MCA and caudal part to the MCA of the gusta-
tory insular cortex.

The OIS recording methods for investigation of sensory informa-
tion processing allows a high resolution of spatial dimension. There-
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fore, we can identify the relative location between areas in the same
window of the brain surface, if each area is responsive to appropriate
sensory stimulation and is localized. Based on the data corrected
from seven animals, we made chemosensory maps in the insular
cortex. To identify relative location of tastant-responsive area
clearly, center-of-each-OIS response was plotted on line drawing of
insular cortex. It shows that sucrose and HCl-responsive areas locate
rostral part of the insular cortex, NaCl-responsive area locates near
the MCA, and quinine-responsive area locates caudal part to the
MCA of the insular cortex. These results are partially consistent with
the cortical taste map investigated by electrophysiological methods
(Yamamoto, 1987). Thus, chemotopy for the taste quality of tastants
may be organized in the primary cortical taste area. When high-
concentration of tastants were admunistered, sucrose- and HCI-
responsive areas appeared near the MCA and caudal part to MCA
of the insular cortex respectively in addition to rostral parts, and
NaCl-responsive area appeared in the caudal part to MCA in
addition to mnear the MCA, whereas, quinine-responsive area
appeared in the rostral part in addition to the caudal part to MCA.
Thus, as for high concentration of tastants, chemotopy for the taste
quality may be represented in the primary cortical taste area as
combinations of high and low threshold tastant-responsive areas.

Discussion

The present results were based on relative location of OIS responses,
but not absolute location. Optical imaging based on intrinsic signals
enables us to compare relative location over several tastant-
responsive areas in the same recording window. For the reason, the
OIS recording method is useful for studying spatial aspects of
sensory information processing. By using this method, here we
demonstrated that chemotopy for the taste quality may be organized
in the primary cortical taste area. In addition, as for information
processing of tastant concentration, chemotopy for the taste quality
may be represented as combinations of high and low threshold
tastant-responsive areas. Thus, not only information of taste quality
but also information of concentration may be assembled as spatial
codes in the primary cortical taste area through the process of taste
quality perception.

General taste sensation is recognized as an integration of chemo-
sensory and somatosensory information, which should require both
spatial and temporal coding. Gustatory insular cortex neurons
receive not only chemosensory afferents, but also somatosensory
afferents by way of thalamo-cortical pathways or horizontal cortico-
cortical pathways with temporal code information (Katz et al, 2002;
Wang and Ogawa, 2002; Yoshimura er al, 2003, 2004a,b). In
general, the recognition of the source of sensory information may
require neural oscillation and synchronization between functional
neuron clusters. It may be presumed that, based on spatial coding in
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the primary cortical taste area, the brain integrates different sensory
information with frequencies and temporal dynamics so as to
discriminate complicated taste information. Further study should
precisely investigate the contribution of temporal coding to integra-
tion of chemical and somatosensory information from the oral
cavity.
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Abstract

Emergence of oscillatory signal flows between the primary visual cortex (Ocl) and medial secondary visual cortex (Oc2M) was
previously dynamically demonstrated in rat brain slices by us. Applying caffeine, a neural modulator, to the slices and using optical recording
methods revealed this facilitation along horizontal intrinsic pathways in which initial forward propagation from Ocl to Oc2M was dependent
on both N-methyl-D-aspartate receptors (NMDARSs) and non-NMDARs. Conversely, oscillatory backward propagation from Oc2M to Ocl
was entirely dependent on NMDARSs. The present study examined: (1) whether the signal behavior between Ocl and lateral secondary visual
cortex (Oc2L) is based on the same mechanism with that between Ocl and Oc2M; and (2) how non-NMDAR and NMDAR activities
underlie opening of horizontal corticocortical pathways between Ocl and Oc2. Under NMDAR blockade, signals elicited in the Ocl either
could not or only weakly penetrated the Oc2L, even in caffeine-containing medium. In contrast, once forward propagation from Ocl to Oc2L
and oscillatory backward propagation from Oc2L to Ocl was established in caffeine-containing medium, signals elicited in Ocl could
strongly penetrate the Oc2 even during blockade of NMDA activities, when forward penetrating components were dependent on non-
NMDARs. These findings suggest that: (1) signal behavior and its mechanism between Ocland Oc2L are the same with those between Ocl
and Oc2M; and (2) NMDAR activation results in non-NMDAR activity, resulting in opening and strengthening of intrinsic signal pathways
between Ocl and Oc2. NMDAR-dependent forward and backward propagation might be involved in cortical reorganization of the visual
cortex.
© 2004 Elsevier B.V. All rights reserved.

Theme: Excitable membranes and synaptic transmission
Topic: Postsynaptic mechanisms
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1. Introduction

Functional linkage between the primary visual cortex
(Ocl) and secondary visual cortex (Oc2) is critical to
cognition of the visual world [1,4,11,12,24]. Specialization
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of receptive fields requires the development of functional
intrinsic connections between two areas [3,14-16,28,29,
39]. As animals mature, horizontal anatomical connectivity
between the Ocl and Oc?2 is strengthened [10,15,19, 30,33].
We recently reported enhancement of signal interactions
along horizontal directions between Ocl and the medial
part of the secondary visual cortex (Oc2M) during develop-
ment [38]. Dynamics of these developmental changes were
successfully shown by applying the neural modulator,
caffeine, to visual cortex slices of rats, and by using optical
recording methods with voltage-sensitive dyes. Signal
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propagation elicited by Ocl stimulation was restricted
within Ocl before caffeine application, while evoked
signals spread from Ocl to Oc2M by way of layer IV/III
principally after low-frequency stimulation to Ocl on
application of caffeine, and oscillatory signals emerged in
Oc2M and spread back to Ocl. N-methyl-D-aspartate
receptor (NMDAR) activation was required for oscillatory
activities in Oc2M, but was not necessarily required for
initial forward propagation from Ocl to Oc2M. Focusing
on initial forward propagation, initial horizontal compo-
nents comprised fast non-NMDAR and slow NMDAR
components.

Oc2 is located not only at the medial part of the Ocl, but
also at the lateral parts, named Oc2L. Cytoarchitectural
differences between Ocl and Oc2M are also preserved
between Ocl and Oc2L [27,32,40]. If the manner of neural
activity is dependent on cytoarchitectural features, signal
penetration from Ocl to Oc2L could generate neural
oscillation in Oc2L, and oscillatory signals might spread
back to Ocl, which may represent a similar pattern of
propagation and oscillation to that between Ocl and Oc2M.
The present study examined whether the signal behavior
between Ocl and Oc2L is based on the same mechanism
with that between Ocl and Oc2M.

In general, activation of non-NMDARs and NMDARSs is
mutually controlled and is relevant to synapse plasticity in
the central nervous system (CNS) [21,22]. In particular, the
activities of NMDA receptors are indispensable for the
induction of functional synapses mediated by non-NMDA
receptors in the CNS [17,18,25]. In addition, a previous
study predicted that intrinsic horizontal connections are
concerned with remapping in the visual cortex [8].
Together, these findings suggest the possibility that
NMDAR activities modify non-NMDAR activities, opening
the horizontal intrinsic pathways to traffic. The aim of this
study was to elucidate cause-and-effect during the process

Oc2L y

Visual cortex slice

of establishing functional corticocortical interactions
between Ocl and Oc2.

2. Materials and methods

All experiments were performed in accordance with the
guidelines for the ethical use of animals approved by the
Japanese Physiological Society. Wistar rats (27- to 35-days-
old) were decapitated under ether anesthesia, and the brains
were quickly removed and soaked in cold medium (24 °C)
comprising NaCl 124 mM, KCI 3.3 mM, NaH,PO,4 1.25
mM, MgSO, 1.3 mM, CaCl, 2 mM, NaHCO; 26 mM, and
D-glucose 10 mM, saturated with 95% O,—5% CO,. Visual
cortex slices (350 pm thick) including the Ocl and Oc2
were prepared using a slicer. Once cut, slices were left at
room temperature for at least 1 h before starting the
recording session.

To observe spatiotemporal dynamics of spreading neural
activities, high-speed optical recording methods were used
with voltage-sensitive dyes. Details of the optical recording
system used in this study have been described elsewhere
[13,23,26,31,34,37,38]. Slices were placed in a submerged-
type chamber set on the stage of an IMT-2 upright
microscope (Olympus, Tokyo, Japan) and perfused with
medium (30 °C) at 5 mL/min. For optical recordings,
slices were incubated with voltage-sensitive dye NK2761
(0.125 mg/mL; Nihon Kanko, Okayama, Japan) for 20
min, then transferred to the recording chamber. A bipolar
tungsten electrode for stimulation was inserted into the
border region between gray and white matter (WM) in Ocl
(WM stimulation). Duration and intensity of stimuli were
80 us and 200-350 pA, respectively. Synaptic responses
were elicited by WM stimulation at 0.03—0.3 Hz. Field
potentials were recorded for monitoring electrical activities
using a glass micropipette filled with 3 M NaCl, and

Areal border
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Fig. 1. Photomicrographs of a Nissl-stained visual cortex slice showing cytoarchitectonic features, in which the border of Ocl and Oc2L is delineated.
Photomicrographs were taken from the rectangular region indicated in the line drawing of the slice. Laminar borders of cortical layers and the Oc1/Oc2L border

are indicated.
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Fig. 2. Properties of initial propagating components from Ocl to Oc2L. Time courses of optical responses obtained from ROIs arranged horizontally and
vertically, as indicated in the line drawing in panel (A), where open and filled circles indicate ROIs and stimulation sites, respectively. (B) Time course
responses after caffeine application are superimposed on those before caffeine application. Colored lines indicate before (dark green) and after (blue) caffeine
application (upper). Recordings labeled ‘Caffeine-dependent components’ were obtained by subtracting recordings after caffeine application from those before
application (lower). (C) Time course responses with ‘caffeine + AP5’ and ‘caffeine + AP5 + CNQX’ were superimposed on those with ‘caffeine’ (upper).
Recordings labeled ‘non-NMDAR-dependent components’ were obtained by subtraction of recordings with ‘caffeine + AP5 + CNQX’ from recordings with
‘caffeine + AP5’ (middle). Recordings labeled ‘NMDAR-dependent components’ were obtained by subtraction of recordings with ‘caffeine + APS’ from

recordings with ‘caffeine’ (lower).
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stored on a personal computer for off-line analysis. The
camera unit of the Fujix HR Deltaron 1700 optical
imaging system (Fuji Photo Film, Tokyo, Japan) contains
a photodiode array of 128 X 128 elements. Using a x10
objective lens, the whole array corresponded to a 2.24 X
2.24 mm area of tissue. A tungsten—halogen lamp (150
W) was used as the light source for absorption measure-
ments. Light passed through a heat absorption filter and a
narrow band interference filter, and was focused on the
preparation. Illumination was controlled using an electro-
magnetic shutter to avoid dye bleaching or photodynamic
damage. A total of 16 responses elicited by WM stimulation
were averaged to form a run. Neural activities were
recorded as intensity changes of transmitted light hitting
each photodiode, with a temporal resolution of 0.6 ms per
frame.

According to the purposes of the experiments, the
following chemicals (Wako, Osaka, Japan) were added to
the perfusion medium: caffeine, 3.5 mM; D-2-amino-5-
phosphonovaleric acid (AP5), 10 uM; 6-cyano-7-nitro-
quinoxaline-2, 3-dione (CNQX), 20 uM. In this study, all
recogdings were performed in the medium with 0.5 mM
Mg* L.

3. Results

The present study applied the same protocol used
previously to visual cortex slices including Ocl and
Oc2L [35,36,38]. Histological examination of Ocl and
Oc2M has been described previously [38]. Delineation of
the areal border was based on descriptions by Swanson
and Zilles [32,40]. Cytoarchitecture of recording areas was
examined in the same way in the present study. Ocl and
Oc2L were identified by cytoarchitectural features. One
clear difference between the two areas is that cell density
in layer V is relatively high in Oc2L and relatively low in
Ocl (Fig. 1).

We previously reported that low frequency stimulation
to the Ocl WM in caffeine-containing medium induced
initial signal propagation from Ocl to Oc2M and
oscillatory backward propagation from Oc2M to Ocl
[38]. Likewise, the present study found low frequency
stimulation to Ocl WM in caffeine-containing medium
induced initial signal propagation from Ocl to Oc2L and
oscillatory backward propagation from Oc2L to Ocl (18
slices in total). Attention was initially focused on the
properties of initial signal flow from Ocl to Oc2L. Fig. 2B
(upper) shows initial optical responses before and after
application of caffeine at the 9 ROIs illustrated in Fig. 2A.
This indicates that signals propagate from Ocl to Oc2L
horizontally, and from layer V/VI to layer I/III vertically.
Horizontal propagation was notably dominant in layer II/
III and vertical propagation was dominant in Oc2L. Fig.
2C indicates that the initial propagating components
comprise early non-NMDAR and late NMDAR compo-

nents, with NMDAR components in Oc2L dominant
compared to those in Ocl.

Fig. 3 showed spatiotemporal properties of both initial
signal propagation from Ocl to Oc2L and oscillatory
backward propagation from Oc2L to Ocl. Before caffeine
application, optical responses elicited by WM stimulation in
Ocl spread vertically, and reached layer I/IIT (Fig. 3A-1).
However, responses were restricted to Ocl. After caffeine
application, optical responses elicited by WM stimulation
penetrated Oc2L along layer V/VI and layer II/IIT (Fig. 3A-2
upper). When initial responses were attenuated, secondary
signals emerged in layer IVIII in O2L and spread back to
Ocl, principally along layer IVIII. In the same way as
secondary signals, succeeding oscillatory signals emerged at
the same area in Oc2L and spread back to Ocl several times
(Fig. 3A-2 lower). According to our previous reports [38],
generation and backward propagation of oscillatory signals
from Oc2M to Ocl was NMDAR-dependent. To address
whether the same relativity is observed between Ocl and
Oc2L, NMDARs were blocked with application of AP5
after induction of oscillatory activities in caffeine-containing
medium. Similar to the results in Ocl and Oc2M [38],
generation and backward propagation of oscillatory signals
from Oc2L to Ocl disappeared, whereas initial forward
propagation remained (Fig. 3A-3). These findings were
observed in 6 of 6 slices.

“To-and-fro” signal propagation was marked in layer II/
III between Ocl and Oc2L. Time courses of optical
responses in layer II/III obtained from the same data
displayed in Fig. 3A were thus plotted to investigate
precise direction of signal propagation. Before caffeine
application, horizontal propagation was restricted above
the stimulation site in Ocl (Fig. 3B-1). After caffeine
application, amplitudes of optical responses were enlarged,
and initial signals propagated bi-directionally from ROI 7
to ROI 10 and ROI 1 (Fig. 3B-2). This shows that initial
responses penetrated from Ocl to Oc2L along layer IVIIL
After initial signals were attenuated, oscillatory signals
emerged from ROIs 2-3 and spread back toward ROI 10.
Additional application of AP35 blocked both emergence of
oscillatory responses and backward propagation, but initial
bi-directional propagation remained, showing that oscilla-
tion and backward propagation are completely NMDAR-
dependent, whereas the initial propagating components are
non-NMDAR-dependent (Fig. 3B-3). Decay of the first
waves was marked under application of AP5 compared
with first waves in medium with caffeine alone, indicating
that slow components of the first waves are NMDAR-
dependent.

Caffeine application induced signal propagation and
oscillation between Ocl and Oc2L. Real caffeine-enhanced
components can thus be obtained by subtracting time course
responses in normal medium from those in caffeine-
containing medium (Fig. 3C-1). This shows that both signal
penetrations from Ocl to Oc2L and backward propagation
of oscillatory responses represent caffeine-enhanced com-
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ponents. Time courses of NMDAR-dependent components
in propagation and oscillation were obtained by subtracting
time courses in medium with additional AP5 from time
courses in medium with caffeine alone (Fig. 3C-2). This
revealed that small first waves propagate bi-directionally
from ROI 7, whereas marked oscillatory waves propagate
back from ROIs 7-8 to ROI 10. These propagating
components were NMDAR-dependent. Interestingly,
NMDARs were active during the emergence of caffeine-
enhanced components.

To investigate the contribution of NMDAR activities to
the induction of propagation and oscillation during caffeine
application, the next experiments were performed in the
condition that AP5, an NMDAR blocker, was co-applied to
the medium from the beginning of caffeine application. In
normal medium, similar to Fig. 3A-1, optical responses
elicited by WM stimulation in Ocl spread vertically and
reached layer II/III (Fig. 4A-1), and responses were
restricted. In medium with co-application of caffeine and
APS5, horizontal propagation from Ocl to Oc2L along layer
II/IIT and layer I/VI was enhanced, but signal amplitude was
small (Fig. 4A-2). To investigate the precise direction of
signal propagation, time courses of optical responses in
layer II/IIl obtained from the same data were plotted. In
normal medium, horizontal propagation was restricted in
Ocl (Fig. 4B-1). After application of caffeine with APS,
amplitudes of optical responses were slightly enlarged, and
initial signals propagated bi-directionally from ROI 7 (Fig.
4B-2). However, the initial response was almost non-
existant in Oc2L, and neither oscillatory responses nor
backward propagation were present. These findings were
observed in 5 of 5 slices.

The question arouses as to whether NMDAR activation
alone can induce signal propagation and oscillation under
caffeine application. In general, sufficient activation of
NMDARs for induction of synaptic changes requires
activation of non-NMDARs in glutamatergic synapses
[2,25]. The next experiments were thus performed with
co-application of non-NMDAR blocker, CNQX, to the

medium from the beginning of caffeine application. In
normal medium, similar to Figs. 3A and 4A, optical
responses elicited by WM stimulation in Ocl spread
vertically, and reached layer IVIII (Fig. 5A-1). After
application of caffeine with CNQX, only small vertical
propagation was appeared (Fig. 5A-2), but responses
disappeared quickly. Caffeine application was thus unable
to enhance horizontal propagation under non-NMDAR
blockade, nor could oscillatory responses or backward
propagation be induced. These findings were observed in
3 of 3 slices.

Since we were focusing attention on facilitation of
horizontal propagation induced by caffeine application,
responses after caffeine washout should be compared with
those before caffeine application. Fig. 6B shows that once
oscillation was induced with caffeine application, signals
penetrated to Oc2L from Ocl along horizontal pathways
even after caffeine washout. However, when induction of
oscillation was blocked with co-application of caffeine and
D-APS, signals could barely penetrate to the areal border,
and did not reach Oc2L, after washout of both caffeine and
D-APS5 (Fig. 6C). Indeed, caffeine, a membrane-permeable
chemical, is difficult to washout completely, but comparison
of Fig. 6B with C revealed that the caffeine-dependent
facilitation of horizontal pathways from Ocl to Oc2L
requires NMDAR-dependent oscillatory signal propagation.
These findings were observed in 5 of 5 and 4 of 4 slices,
respectively.

4. Discussion

We have previously described signal propagation and
oscillation in the area between Ocl and Oc2M under
caffeine application [38]. According to that report, signals
penetrating from Ocl to Oc2M generate oscillatory activity
in Oc2M, and signals spread back to Ocl repeatedly for
several times. Generation of neural oscillation in Oc2M
was entirely dependent on NMDAR. In the same way, the

Fig. 3. Properties of signal propagation and oscillation between Ocl and Oc2L. (A) Spatiotemporal dynamics of propagation and oscillation recorded from a
visual cortex slice. Illustrations indicating the locations of stimulation site (Stim.) and Oc1/0Oc2M and Oc1/Oc2L borders (arrowheads) (right side). (A1-3)
Selected pseudo-color images of optical signals. Recordings were made in normal medium (before), in medium containing caffeine alone (caffeine), and in
medium containing caffeine + APS. Time after stimulation is indicated at the bottom and applies to all recordings on the same columns from top to bottom.
(A1-2) At 6.6 ms after stimulation, a small area became slightly depolarized in layer I/IIl immediately above the simulation site in both normal and caffeine-
containing media. (A2) In contrast with control medium, the area expanded bilaterally and, on the left, spread into Oc2L in caffeine-containing medium
(Forward propagation). At 106.8 ms, the second wave started to travel from Oc2L, and at 150.0 ms, the traveling wave had already penetrated Ocl (2nd wave).
In similar ways, the 3rd to 5th waves propagated periodically from Oc2L to Ocl (Backward propagation; 3rd to 5th waves). (A3) Additional application of AP5
abolished the 2nd to 5th waves, but the initial wave remained. Note that AP5 was applied after propagation and oscillation between Ocl and Oc2L were
established. (B) Time courses of optical responses obtained from ROIs arranged horizontally in layer II/III (ROIs 1-10), as indicated in the line drawing on the
right. The filled circle indicates stimulation site. (B1-3) Time courses of optical responses in normal medium (before), medium containing caffeine alone
(caffeine), and medium containing caffeine + AP5. These time causes were obtained from the same data as presented in Fig. 1. (C) Recordings labeled
‘NMDAR-dependent components’ were obtained by subtraction of recordings labeled ‘caffeine + AP5’ from recordings labeled ‘caffeine’. For each
experimental group, traces obtained from ROIs 1-10 are arranged in numerical order from bottom to top. ROI 7 is located just above the stimulation site. Trace-
by-trace comparison of wave peaks in recordings labeled ‘caffeine’ indicates that the first wave propagates from ROI 7 to both ROIs 1 and 10, whereas later
waves always propagate from ROIs 2-3 to ROI 10.



present study demonstrated that signals penetrating from
Ocl to Oc2L generate oscillatory activity in Oc2L, and
signals spread back to Ocl repeatedly. Generation of
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neural oscillation in Oc2L was also dependent on
NMDAR. Oc2M and Oc2L are similar in that cell density
is relatively high in layer V and relatively low in Ocl.
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Fig. 4. Effects of NMDAR blockade on induction of propagation and oscillation between Ocl and Oc2L. (A) Spatiotemporal dynamics of signal propagation
recorded from a visual cortex slice. Illustrations indicating locations of the stimulation site (Stim.) and Oc1/0c2M and Oc1/Oc2L borders (arrowheads) (right
side). (B) Time courses of optical responses obtained from ROIs arranged horizontally in layer II/ITII (ROIs 1-10), as indicated in the line drawing on the right.
Filled circle indicates the stimulation site. (B1-2) Time courses of optical responses in normal medium, and medium containing caffeine + AP5. Time courses
were obtained from the same data as presented in panel A. For each experimental group, traces obtained from ROIs 1-10 are arranged in numerical order from

bottom to top. ROI 5 is located just above the stimulation site.

From the perspective of cytoarchitectural features, Oc2M
and Oc2L are bilaterally symmetrical around Ocl.
Interestingly, the manner of signal interactions between
Oc2M and Ocl and between Oc2L and Ocl displayed
bilateral symmetry. Optical responses were relatively high
through all layers in both Oc2M and Oc2L, whereas
responses were dominant in the upper layer of Ocl. This
might reflect differences in cell density between Ocl and
Oc2. Considering the three-dimensional relationship
between Ocl and Oc2, Oc2 is located around Ocl
[24,27,32,40]. Our previous and present results demon-
strate that neurons in Oc2 located around Ocl are liable
to oscillate and deliver signals to Ocl, where both the
induction and propagation of oscillatory activities are
NMDAR-dependent. Since NMDAR activation is largely
required for inducing synaptic plasticity in the CNS
[6,7,9,20,22,25], Oc2 might be involved in modulating
neural function in Ocl. This may support the hypothesis

that synaptic plasticity underlies cortical map reorganiza-
tion [5].

The induction mechanism underlying horizontal signal-
ing pathways between Ocl and Oc2L represents the most
interesting finding in the present study. Once initial
horizontal propagation and oscillation are established
between Ocl and Oc2L under caffeine application in
conditions where NMDARs are active, initial forward
propagation no longer requires NMDAR activities. Non-
NMDAR activities are enough to convey signals from Ocl
to Oc2L (Figs. 2, 3). In contrast, when NMDAR activities
are blocked before the establishment of propagation and
oscillation, signals from Ocl can no longer penetrate to
Oc2L, even under caffeine application (Fig. 4). Moreover,
signal penetration from Ocl to Oc2L remained even after
washout of caffeine in cases where caffeine-dependent
oscillation was induced, whereas in cases with oscillation
blocked by co-application of caffeine and APS5, signal
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Fig. 5. Effects of non-NMDAR-blockade on induction of propagation and oscillation between Ocl and Oc2L. (A) Spatiotemporal dynamics of signal
propagation recorded from a visual cortex slice. Illustrations indicating locations of stimulation site (Stim.) and Oc1/Oc2M and Oc1/Oc2L borders
(arrowheads) (right side). (B) Time courses of optical responses obtained from ROIs arranged horizontally in layer II/III (ROIs 1-10), as indicated in the line
drawing on the right. Filled circle indicates the stimulation site. (B1-2) Time courses of optical responses in normal medium, and medium containing caffeine +
CNQX. Time courses were obtained from the same data as presented in panel A. For each experimental group, traces obtained from ROIs 1-10 are arranged in
numerical order from bottom to top. ROI 6 is located just above the stimulation site.

penetration was blocked after washout of both caffeine and
APS5. Comparing responses in normal medium after caffeine
conditioning under conditions of NMDAR activity with
responses under NMDAR blockade, signals after condition-
ing with NMDAR activation could travel more widely than
those without NMDAR activation (Fig. 6). These findings
suggest that NMDAR activities are crucial to the induction
of signal penetration from Ocl to Oc2. In other words,
horizontal signal pathways between Ocl and Oc2 are
opened to traffic by NMDAR activation. Causality may be
described as follows: NMDAR activity causes the effect of
opening non-NMDAR-dependent intrinsic pathways
between Ocl and Oc2L.

For initial signals traveling in a horizontal direction
(Fig. 3A-2), deep layer signals start just after delivery of
stimulation to Ocl WM, whereas upper layer signals start
after arrival of vertical signals to layer IV/III above the

stimulation site. In contrast, for backward signals traveling
horizontally, upper layer signals start after the appearance
of later waves from layer IV/III in Oc2L, whereas deep
layer signals start behind upper layer signals. From the
perspective of Oc2L, initial signals were inputs from Ocl,
whereas backward signals were outputs to Ocl. Again
considering causality, output signal traveling caused the
effect of facilitating input signal traveling. Precise travel-
ing pathways must differ between input and output
signals, but the spatial regions for dominant depolarization
of membrane potentials are the same (Fig. 3A-2).
Amplitudes of responses recorded by optical recording
using voltage-sensitive dyes are considered to reflect
excitable synaptic potentials [34]. The dominant region
for synaptic activities is thus layer IV/III, when input and
output signals travel between Ocl and Oc2. We propose
that input signals from Ocl manage to switch on neural
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and stimulation site, respectively. (B) After optical responses were stable, oscillation was induced with caffeine application. Caffeine was then removed from
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oscillators in Oc2, and output signals from Oc2 then
repetitively stimulate NMDARs located at layer IUIII,
which in turn induce modification or recruitment of non-
NMDARs located near each active NMDAR, resulting in
opening and strengthening of intrinsic signal pathways
between Ocl and Oc2.
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Abstract

The retrosplenial cortex is located at a critical juncture between the visual cortex and hippocampal formation. Functions of the
retrosplenial cortex at the local circuit level, however, remain unclear. Herein, we show how signals traveling from the visual cortex behave in
local circuits of the retrosplenial cortex, using optical recording methods and application of caffeine to rat brain slices. Electrical signals
evoked in the primary visual cortex penetrated into the deep layer of the retrosplenial granular a cortex (RSGa) and propagated further toward
postsubiculum and upper layer. Non-N-methyl-D-aspartate (NMDA) receptor-dependent initial traveling signal from the visual cortex
triggered NMDA receptor-dependent neural oscillation in the RSGa. Oscillatory signals originated from the local area in the deep layer of the
RSGa, and the signal spread back and forth toward the visual cortex and postsubiculum, in addition to spreading toward the upper layer.
From the perspective of the RSGa, extrinsic signal inputs from the visual cortex switched on neural oscillators in the RSGa that deliver
NMDA receptor-dependent intrinsic signal outputs. Opening and strengthening of non-NMDA receptor-dependent input pathways from the
visual cortex required NMDA receptor-dependent oscillatory neural activities. These input and output relationships indicate that the
retrosplenial cortex may represent an important relay station between the visual cortex and hippocampal formation.
© 2005 Elsevier B.V. All rights reserved.

Theme: Excitable membranes and synaptic transmission
Topic: Postsynaptic mechanisms

Keywords: Visual cortex; Retrosplenial cortex; Caffeine; Optical recording; Horizontal propagation; Oscillation

1. Introduction campal formation, and these connections are reciprocal

[12,26-29,31]. The retrosplenial cortex might therefore act

The neocortex and hippocampal formation play impor-
tant roles in cognitive functions of the brain [16,17]. The
retrosplenial cortex is located between these two areas and is
thought to be concerned with processing of spatial
information and episodic memory [1-3,6,7,19,22]. Neuro-
anatomically, the retrosplenial cortex receives innervations
from the visual cortex and projects fibers to the hippo-
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Kanazawa Medical University, Uchinada-cho 920-0293, Japan. Fax: +81 76
286 2010.

E-mail address: hyoshimu@kanazawa-med.ac.jp (H. Yoshimura).

0006-8993/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
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as an interface between these two areas. Despite the
important location, functions of the retrosplenial cortex at
the local circuit level have not been clarified.

We recently succeeded in demonstrating the dynamics
of signal propagation and oscillation between the primary
and secondary visual cortices (Ocl and Oc2, respectively)
of rats [35,37]. To demonstrate spatiotemporal dynamics,
optical recording methods were used with voltage-sensi-
tive dyes applied to slices of visual cortex, and caffeine
was used to enhance overall synaptic activities. The
results of those studies led us to propose that N-methyl-
D-aspartate (NMDA) receptor-dependent oscillatory activ-
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ities originating in Oc2 strengthen non-NMDA receptor-
dependent horizontal pathways between Ocl and Oc2.
These findings suggest that a device delivering NMDA
receptor-dependent oscillatory signals may also be equip-
ped outside the visual cortex to open longer-range
corticocortical pathways from the visual cortex. The
present study focused attention on the retrosplenial cortex,
and our experimental protocol and recording methods
[35,37] were applied in an attempt to demonstrate that the
retrosplenial cortex includes a generator of neural oscil-
lation that delivers NMDA receptor-dependent signals to
the surrounding areas.

2. Methods

All experiments were performed in accordance with the
guidelines for the ethical use of animals approved by the
Japanese Physiological Society. Wistar rats (27 to 32 days
old) were decapitated under ether anesthesia, and the
brains were quickly removed and soaked in cold medium
(2-4 °C) comprising NaCl 124 mM, KCl 3.3 mM,
NaH,PO, 1.25 mM, MgSO, 1.3 mM, CaCl, 2 mM,
NaHCO; 26 mM, and D-glucose 10 mM, saturated with
95% 0,-5% CO,. Brain slices (350 pm thick) including
visual cortex, retrosplenial cortex, postsubiculum, and
subiculum were prepared using a slicer. Once cut, slices
were left at room temperature for at least 1 h before
starting the recording session.

High-speed optical recording methods were used with
voltage-sensitive dyes to observe spatiotemporal dynamics
of spreading neural activities. Details of the optical
recording system used in this study have been described
elsewhere by us and other groups [5,13,21,24,35,37]. For
optical recordings, slices were incubated with voltage-
sensitive dye NK2761 (0.125 mg/ml; Nihon Kanko,
Okayama, Japan) for 20 min then transferred to the
recording system. Slices were placed in a submerged-type
chamber set on the stage of an IMT-2 upright microscope
(Olympus, Tokyo, Japan) and perfused with medium
(30 °C; 5 mlU/min). A bipolar tungsten electrode for
stimulation was inserted into the border region between
gray and white matter (WM) in Ocl (WM stimulation).
Duration and intensity of stimuli were 80 ps and 250-350
RA, respectively. Synaptic responses were elicited by WM
stimulation at 0.03—0.3 Hz. Field potentials were recorded
for monitoring electrical activities using a glass micro-
pipette filled with 3 M NaCl and stored on a personal
computer for off-line analysis. The camera unit of the
Fujix HR Deltaron 1700 optical imaging system (Fuji
Photo Film, Tokyo, Japan) contains a photodiode array of
128 x 128 elements. Using a x10 objective lens, the
whole array corresponded to a 2.24 x 2.24 mm area of
tissue. A 150-W tungsten-halogen lamp was used as the
light source for absorption measurements. Light passed
through a heat absorption filter and a narrow band

interference filter and was focused on the preparation.
[llumination was controlled using an electromagnetic
shutter to avoid dye bleaching or photodynamic damage.
A total of 16 responses elicited by WM stimulation were
averaged to form a run. Neural activities were recorded as
intensity changes of transmitted light hitting each photo-
diode, with a temporal resolution of 0.6 ms/frame.

The following chemicals (Wako, Osaka, Japan) were
added to the perfusion medium according to the purposes of
the experiments: caffeine, 3.5 mM; D-2-amino-5-phospho-
novaleric acid (APS), 10 uM; and 6-cyano-7-nitroquinoxa-
line-2, 3-dione (CNQX), 20 uM. In this study, all recordings
were performed in medium with 0.5 mM [Mg**],.

A
Stim.
Field Rec.

B Caffeine (-)

opn. . TV

Field Rec. 4 P—

100 ms, 0.05 %

C Caffeine (+)
Field Rec.

Fig. 1. Simultaneous recording of optical signal and field potentials from
the same site in the ventral part of the retrosplenial cortex, RSGa. (A)
Tllustration of a slice used for optical recordings, indicating locations of the
stimulation site, field potential recording site, and areal borders between
several cortices (arrowheads). VCx, visual cortex; Oc2L, lateral secondary
visual cortex; Oc!l, primary visual cortex; Oc2M, medial secondary visual
cortex; RSA, retrosplenial agranular cortex; RSGa, retrosplenial granular a
cortex; RSGb, retrosplenial granular b cortex; P-Sub, postsubiculum. (B)
No response was detected by either optical recording or field potential
recording in medium without caffeine. (C) After application of low-
frequency WM stimulation, stable synchronized population oscillation was
detected by both optical recording and field potential recording in medium
with caffeine.
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3. Results

In the previous studies [32,33,35,37], we found a
protocol whereby synchronized membrane potential oscil-
lations of a-range frequency can be induced in rat visual
cortex slices. Stable membrane potential oscillation will
finally appear after continuing low-frequency stimulation to
WM in medium containing caffeine with 0.5 mM [Mg>*],.

06 ms
Stim.

Later waves

In those studies, optical recording methods were used with
voltage-sensitive dyes to observe the spatiotemporal dynam-
ics of oscillation. These studies revealed that: (1) oscillation
comprised both initial forward propagation from Ocl that is
non-NMDA receptor-dependent, and subsequent backward
propagation from Oc2 that is NMDA receptor-dependent;
and (2) backward propagation from Oc2 causes strengthen-
ing of forward propagation from Ocl.

130.2 155.4 2178 242.4

334.2 358.8 498.0 520.2

2 Caffeine + AP5

0.6ms
Stim.

Later wav

334.2 358.8 44980 526.2

3 Caffeine + AP5 + CNQX

Forward propagation

’-:”‘.’A' :

0.6 ms 13.8 318
Stim.

Later waves

130.2 1554 217.8 242.4

334.2 358.8 498.0 520.2

Fig. 2. Spatiotemporal dynamics of voltage signal propagation in the RSGa. (A) Illustration of a slice (right) and a window of interest that includes RSGa (left).
(B) Selected pseudo-color images of optical signals. Recordings were made in medium containing “Caffeine” alone, “Caffeine + AP5”, or “Caffeine + CNQX +
AP5”. Time after stimulation is indicated at the bottom. (1 Caffeine) After delivery of stimulation, the initial signal begins to propagate and penetrates into P-
Sub, while later signals come from the deep layer of the RSGa. (2 Caffeine + AP5) Additional application of AP35 abolishes later waves, but forward
propagation remains. (3 Caffeine + AP5 + CNQX) Additional application of CNQX abolishes later waves, and all waves disappear.
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The retrosplenial cortex is divided into the retrosplenial more closely related to the hippocampal formation than to
agranular cortex (RSA), retrosplenial granular b cortex the neocortex, suggesting that the RSGa is situated in
(RSGb), and retrosplenial granular a cortex (RSGa) a critical position for processing “limbic information” [26—

(Fig. 1A) [23,26,29,38]. The RSGa is the ventral part of 28]. For these reasons, the present study focused on
the retrosplenial cortex and, compared with the RSGb, is the RSGa.

A vex  llustration nea
; o
. : Layer VI
b "':/ Layer V
: : —Layer 117l
: H
H
Y 48 /._. P oo
P-Sub RSGa

Caifeine
~——— Caffeine + AP5
Catteine + AP5 + CNQX

B Horizontal direction

ROI

(5) PO Y. 41?‘: '?,WA“A mﬁ'!ﬂ) v b “ b, A Py
el * i »MMW\J & Kbtk

(6) Ly "fw *M.
ROI "'MM
(7) g AT WA *Ma‘ warthK e

(8) Nww VWM"W*’W»”'{,'&'ﬂ»‘.‘n&'w‘s IRy, Y

ROI

ROl

ROI

Fig. 3. Time courses of optical responses in RSGa, obtained from optical recordings illustrated in Fig. 2B. (A) Regions of interests (ROI 1-12) are shown in an
illustration of the RSGa. (B) Time courses of optical responses obtained from ROIs arranged horizontally in layers VI (ROIs 1-4), V (ROIs 5-8), and II/III
(ROIs 9-12) (1 Horizontal direction) or vertically (ROIs 1, 5, 9) and (ROIs 3, 7, 11) (Vertical direction), respectively in the same slice, which was used for
recordings described in Fig. 2B. Time courses of optical responses recorded in the 3 media, “Caffeine” “Caffeine + AP5”, and “Caffeine + CNQX + AP5” were
superimposed at every ROL
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Electrical stimulation was delivered to WM of the made simultaneously from the RSGa. In normal medium,
primary visual cortex (Fig. 1A). Field potential recordings WM stimulation elicited no response in the RSGa (Fig. 1B).
and optical recordings with voltage sensitive dyes were After application of caffeine into the medium with low-

A VOx . RSA
e
. Layer Vi
- lLayerV
i
+——Layer Il
\ 1 mm
P-Sub RSGa
B Horizontal direction

non-NMDA receptor components

100 ms

C Vertical direction

non-NMDA receptor components

Fig. 4. Properties of propagating components horizontally and vertically in the RSGa. (A) Regions of interests (ROI 1-4, ROI 3, 7, 11) shown in an illustration
of the RSGa. (B) Recordings labeled “non-NMDA receptor components” were obtained by subtracting recordings with “Caffeine + AP5 + CNQX” from
recordings with “Caffeine + AP5” in Fig. 3B. Recordings labeled “NMDA receptor components” were obtained by subtracting recordings with “Caffeine +
APS” from recordings with “Caffeine” in Fig. 3B. Peaks of the first waves and 2-3 series of later waves were fitted with the blue and red lines, respectively.
Note that fitting lines on later waves in the horizontal direction display reflection points, indicating that later peaks emerge within the RSGa. Scale bars apply to
all recordings shown in panel B.
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frequency WM stimulation, marked voltage oscillation was
generated in the RSGa. Oscillation was observed from both
the field potential recording and optical recording, and
timing of voltage reflection was the same between the two
time course responses (Fig. 1C). Simultaneous recording
revealed that optical responses reflected the electrical
activities of neurons. These RSGa oscillations were
observed in 21 of 25 slices.

The recording windows were set on the deep layer of the
visual cortex and RSGa to observe spatiotemporal optical
responses between stimulation site and RSGa (Fig. 2A).
Evoked signal propagated horizontally in the deep layer of
the visual cortex and penetrated into the RSGa (Fig. 2B-1).
After arrival of the signal to layer VI in the RSGa, the signal
propagated further toward the postsubiculum and layer II/III
(Fig. 2B-1, forward propagation). After attenuation of the
first wave, a secondary wave emerged in the deep layer of
the RSGa and propagated back and forth horizontally and
vertically. These oscillatory dynamics were repeated several
times (Fig. 2B-1, later waves). In our previous reports,
initial forward components of first wave from primary to
secondary visual cortex were largely dependent on non-
NMDA receptors, with subsequent oscillatory components

dependent on NMDA receptors. Here again, blockade of
NMDA receptors abolished oscillation in the RSGa,
whereas initial forward propagation from the visual cortex
to the RSGa remained intact (Fig. 2B-2, caffeine + APS).
Additional application of CNQX completely blocked signal
propagation (Fig. 2B-3, caffeine + AP5 + CNQX). Initial
forward components of the first wave from the visual to the
retrosplenial cortex are thus dependent on non-NMDA
receptors, and subsequent oscillatory components originat-
ing from the RSGa depend on NMDA receptors. These
findings were confirmed in all 5 slices.

To observe the precise temporal course of optical
responses in the RSGa, 12 regions of interest (ROIs) were
selected (Fig. 3A). To understand vertical signal propaga-
tion, time courses of optical signals obtained from ROIs in
layers VI, V, and II/III were arranged vertically (Fig. 3C;
ROIs 1, 5,9, ROIs 3, 7, 11). Time courses under application
of caffeine, additional application of AP5, and further
additional application of CNQX were superimposed. Peak-
by-peak comparisons of signals obtained from time course
responses located vertically in the RSGa indicate that the
initial wave propagates from layer VI to layer II/III, and
later oscillatory waves also propagate from layer VI to layer

A
B
C ,
Input components Output components
6 260 4(30 600 t') 2(')0 460 6&)
Time (ms) Time (ms)

Fig. 5. Features of cytoarchitecture and electromotive force at the area of output origin. (A) Optical images at 80.6 ms and 217.8 ms after WM stimulation show
input and output signals, respectively. (B) Photomicrograph of a Nissl-stained brain slice showing cytoarchitectural features of recording window, taken afier
optical recordings illustrated in Figs. 2-4 and panel A of this figure (right) and cytoarchitectural features of the output origin (ellipse in right box). (C) Features
of electromotive force at the area of output origin, taken from ROI 3 in Fig. 4. Note that “Input components” switch on the voltage oscillators that generate

“Output components”.

—109—



18 H. Yoshimura et al. / Brain Research 1045 (2005) 12-21

IV/III. Additional application of APS depressed later waves
in addition to the late phase of the initial wave, and further
additional application of CNQX flattened responses. These
results show that the initial wave comprises fast non-NMDA
receptor components and slow NMDA receptor compo-
nents, whereas later oscillatory waves comprise NMDA
receptor components only.

To facilitate understanding of horizontal signal propaga-
tion, time courses of optical signals obtained from layer VI
of the RSGa were arranged horizontally (Fig. 3B; ROIs 1-4;
ROIs 5-8; ROIs 9-12). This shows that the initial wave
propagates horizontally from the dorsal retrosplenial cortex
to the postsubiculum, whereas direction of propagation for
later waves is not the same as the initial wave. Peak-by-peak
comparison of signals indicates that later waves first emerge
at ROI 3 and propagate bi-directionally. Signal flows
between the visual cortex and RSGa are reciprocal. The
same tendency was observed in layers V and II/III. Time
courses of optical signals on additional application of AP5
and further additional application of CNQX were super-
imposed with time courses for application of caffeine alone.
These results also show that the initial wave comprises fast

non-NMDA receptor components and slow NMDA receptor
components, whereas later oscillatory waves comprise
NMDA receptor components only.

The origin of later oscillatory waves thus seems to lie in
layer V/VI in the RSGa (ROI 3), and signals propagate
repetitively both vertically and horizontally from the
origin. To observe precise time courses of optical
responses for non-NMDA receptor and NMDA receptor
components around the origin of oscillation in the RSGa, 6
ROIs including ROI 3 were selected (Fig. 4A). Time
courses of NMDA receptor-dependent components were
obtained by subtracting time courses in medium with
additional AP5 from time courses in medium with caffeine
alone (Figs. 4B lower, C lower). Time courses of non-
NMDA receptor-dependent components were obtained by
subtracting time courses in medium with additional CNQX
from time courses in medium with caffeine + AP5 (Figs.
4B upper, C upper). Horizontally, initial non-NMDA re-
ceptor components propagated from the dorsal retrosplenial
cortex to the postsubiculum, whereas later NMDA receptor
components propagated bi-directionally from ROI 3 (Fig.
4B). Vertically, initial non-NMDA receptor components

A :
P
1 mm
B Initial Waves Later Waves
(Input) (Output)
1
Rol 2
(Horizontal) 5
4 §—4
et ,
0 50 150 200 250 300
Time (ms)
Initial Waves Later Waves
{Input) {Output)
3 Q-
RQ! -
(Vertical)
1
7/
—r . .
0 50 150 200 250 300
Time (ms)

Fig. 6. Averaged time-to-peak of first and later waves in layer VI of the RSGa. Time-to-peak of the initial wave at ROI 3 was considered zero, and time-to-peak
of initial and later waves at ROIs 1, 2, 4, 7, and 11 were normalized and averaged. Mean time (open circle) and standard deviation (cap) were plotted. ROI-by-
ROI changes in time-to-peak indicate that first waves propagate from ROIs 1-4, whereas later waves propagate bi-directionally from ROI 3.
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propagated from layer VI to layer IVIII, and later NMDA
receptor components propagated in the same direction
from ROI 3 (Fig. 4C).

From the perspective of the RSGa, signal inputs from the
visual cortex switched on the neural oscillators in the RSGa
that deliver NMDA receptor-dependent oscillatory signal
outputs. An optical recording frame at 85.8 ms after WM
stimulation (Fig. SA left) shows input signal propagation,
and an optical recording frame at 217.8 ms (Fig. 5A right)
shows generation of output signals. Cytoarchitectural
features were observed from the same slice used for optical
recording (Fig. 5B), showing that the origin of oscillatory
outputs is located layer VI in the RSGa and revealing no
marked differences in cytoarchitectural features compared
with the surrounding area. Electromotive force of input and
output at the origin of oscillatory outputs is illustrated in
Fig. 5C. Non-NMDA receptor-dependent extrinsic input
switches on NMDA receptor-dependent intrinsic generator
of oscillation. Neurons of the output origin have the ability
to intrinsically generate electromotive force as shown in Fig.
5C right.

To obtain and estimate accurate time differences between
peak times of input and output signals, time-to-peak of the
initial wave at ROl 3 was considered zero, and peak times of
initial and later waves at various ROIs (Fig. 6A) were
averaged respectively over 5 slices. Mean times are shown
in Fig. 6B. Horizontally, time-to-peak of later waves at ROI
3 (159.7 £+ 8.2 ms) was significantly smaller than that at

A VCx

RSGa

Stim.

Blockade of
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+ CNQX
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+ CNQX
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NMDA and non-NMDA receptors

ROI 1 (176.3 £ 7.2 ms; n = 5). Vertically, time-to-peak of
later waves at ROI 3 (159.7 = 8.2 ms) was significantly
smaller than that at ROI 11 (173.2 + 8.9 ms; n = 5). These
results show that the first wave propagated horizontally
from ROI 1 to ROI 4, whereas later waves emerged first at
ROI 3 and propagated bi-directionally toward both ROI 1
and ROI 4. Vertically, initial waves propagated from ROI 3
to ROI 11, and later waves propagated in the same direction
from ROI 3. These findings suggest that initial waves
propagate from the visual cortex to the postsubiculum by
way of the retrosplenial cortex, whereas later waves emerge
first within the RSGa and propagate horizontally back-and-
forth in addition to vertically.

The contribution of NMDA receptor activities to the
induction of signal propagation from the visual cortex to the
RSGa during caffeine application was investigated in the
next experiment. Application of APS to the medium from
the beginning abolished both signal propagation from the
visual cortex and oscillation in the RSGa. Additional
application of CNQX kept the response flat. Non-NMDA
receptor-dependent components were obtained in the same
way as mentioned above (Fig. 7B lower). To clearly
demonstrate the contribution of NMDA receptor-dependent
oscillation to the generation of non-NMDA receptor-
dependent signal inputs to the RSGa from the visual cortex,
two experimental protocols were used, and the respective
time courses were shown (Fig. 7B). The results showed that
establishment of long-range signals traveling from the visual

non-NMDAR-dependent
input components

Hmpesn

B e o
0 200 400 600 (ms)

Blockade of both

ool togh

Fig. 7. Comparing non-NMDA receptor-dependent input components at the RSGa after caffeine conditioning under NMDA receptor activity with those under
NMDA receptor blockade. (A) ROI (®) and stimulation site are illustrated. (B) Two experimental protocols are schematically illustrated, and the respective time
course responses are shown. Labeled “non-NMDA receptor-dependent input components” were obtained by subtracting recordings with “Caffeine + APS +
CNQX” from recordings with “Caffeine + AP5”. Note that once NMDA receptor-dependent oscillation is induced, non-NMDA receptor-dependent components
remain even after NMDA receptor blockade (upper), but when oscillation is blocked from the beginning under NMDA receptor blockade, non-NMDA

receptor-dependent components are not observed (lower).
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cortex toward the RSGa and postsubiculum require NMDA
receptor-dependent activities.

4. Discussion

In general, electrical signals cannot travel a long distance
in slice preparations in normal artificial cerebrospinal fluid
(ASCF). This may be because many input and output fibers
are severed, and the population of neurons in the slice
preparation does not represent a complete neural formation,
with the result that it is difficult to induce spatiotemporal
integration or amplification of signals. Glutamatergic net-
works play important roles in information processing in the
cortical region [4,9,10,15,18,20,25,30]. If heterogeneity of
functions exists between different cortical regions, func-
tional differences may be exaggeratedly when elicited by
accelerating glutamatergic network activities, even if the
cortical regions are transferred into slices. Several exper-
imental protocols were developed by us and another group,
in which caffeine effectively enhances activities of both
NMDA and non-NMDA receptors in local circuits of
neocortical slices [32-37] and hippocampal slices [8].
Using our protocols, the action of caffeine was found to
be heterogeneous rather than homogenous in cortical
regions of slices. The visual cortical region equips local
combustible areas where NMDA receptor-dependent oscil-
latory outputs are generated, when the area receives
intracortical or corticocortical inputs [35,37]. The local
combustible area thus acts as a booster and signal relay
station. Our protocols may be helpful for detecting “hot
spots” from cortical slice preparations.

We have already reported the existence of generators of
NMDA receptor-dependent neural oscillation at local areas
in lateral part of the secondary visual cortex (Oc2L) and
medial part of the secondary visual cortex (Oc2M) [35,37].
The present study focused attention on the RSGa. Neuro-
anatomical examination revealed that the RSGa receives not
only visual cortical innervations, but also thalamic, hippo-
campal, and other neocortical innervations and projects
information to the hippocampal formation and other cortical
areas [12,26-29,31]. The RSGa is thus connected with
numerous neural fibers. In general, the higher order cortex
may equip diffuse projections and spatial reciprocity of
feedforward and feedback connections [18]. The present
study found the generators of NMDA receptor-dependent
neural oscillation in this RSGa area. Behaviors of signals in
the RSGa were as follows. The initial non-NMDA receptor-
dependent signal traveling from the visual cortex triggers
NMDA receptor-dependent neural oscillators in the deep
layer of the RSGa, from which oscillatory signals originate
and signals spread back and forth toward the visual cortex
and postsubiculum and also spread toward the upper layer of
the RSGa. From the perspective of the RSGa, extrinsic
signal inputs switch on neural oscillators in the RSGa,
which repetitively deliver NMDA receptor-dependent intrin-

sic signal outputs. These input and output relationships
indicate that the retrosplenial cortex acts as a signal
distributor and may represent an important rely station
between the visual cortex and hippocampal formation.

No cytoarchitectural differences, such as cell density or
somatic morphology, are apparent between the oscillatory
origin and the surrounding area (Fig. 5). The precise
mechanisms underlying the generation of NMDA recep-
tor-dependent neural oscillation is unclear. However, show-
ing that the relay station is located outside the visual cortex
is very important. Our previous study found that NMDA
receptor-dependent forward and backward signal propaga-
tion from Oc2 strengthens the non-NMDA receptor-depend-
ent intrinsic signal pathway between Ocl and Oc2 [37]. In
the same way, delivery of NMDA receptor-dependent.
oscillatory signals from the RSGa was required to open
signal pathways from the visual cortex toward the post-
subiculum in the present study. The NMDA receptor-
dependent voltage oscillator may induce use-dependent
strengthening of wiring between the two cortices, since
NMDA receptors are deeply concerned with use-dependent
synapse plasticity [11,14], such as plastic changes in
reciprocal assembly-forming cortical connections [9,20].
One function of the oscillators in the Oc2 and RSGa that
might be expected is strengthening of functional connec-
tions between the visual cortex and hippocampal formation,
allowing visual information from the external world to
travel further toward the “limbic system”.
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. R4 b b OB/NERIREROBMIOFE (FFFE%E 5 52003-10)

. ¥ —U—F: 1) HERRR (salivary gland)
2) BAERE (regenerative medicine)
3) HH#RERHAM (tissue stem cell)

. R KA R - B - BT - ISR (RN FLE)

5 =

Y x— T VHEGERE (LATFSS) IIMERR. RIREONFIIRE RFENCE B SR
BB Th 5, SSITMERIRLIRIRR E~DFE LW Y U /REREEIC L 0 Iz B E L.
WV, RIR DSUMET . BBER % B9 5, 2 QMRS WA K 2 0 BEERERIT,
DML NE, ANKROREIC L 28 THESCERERESE, RROFERLZ2Y ., &
ZEOEFEDOEDRTERRBEL o T3, BRMEMOEENE SWAMET LR
Fioxt LCIIAWEIEET 5 2 L bARETH D28, —BEEZERE U - MR AR RE O [IE 1
BEDL ZAIZLALHFHTE P, BRIREROBA. HEEEL BEY L L72RIGH
BEERECEENTWS, T8, MEOBEAICE W TR HRICEVER R
HEELNTW5, BOEEERT 2 2RERZMBMIROL  ITEFEEOHERF DIz
DICEICEHF SNFET 5, 20X ) REROHER O DF- Ml z e oI E 72
DA EERMR TH D, BAEROMEE U CEBSMIRIZ. BB & OMERMK
LHEETX 20 TEMGEMBER D2 FBHEIC L 25 EEHEZ DB 2B
BN WS R E R D B, FZTAMETIX, b NERBRER X AR A s BE -
FEL., WET2EMemr L, BRROBEERLZAGTIZE2EHNE L,

. WF R A E

W IE S TIIBEIC SS OBBHC LA 2 NR/INER AR & v . & PRI R B RGH
o % i B\ SRS R T A B S L TWE, £ZTEF. ZoMiE AV CHER
BHBEOREEITHI Z & & Lz, MERERIXIINE TV 220N 0 REA S
NTWBR, TR OOHEITHEIC LY BV, BHROREN~—I—LR2VED
b OBIEFIZDAR, b MERIRIC T 2 AR ORI R 2 HEIT, BRI
JiR b B R o D B B AR~ — = BN E L 72 D, BREICER & IX, MERR LR
MR ORERICE ) FEEETRE., REFFEMIOWTRE LIS, #RH O
S I fEaZ D F EGF-R (epidermal growth factor receptor) BRI L. F-HEEHM
FSEEFRNZ, WS ODOBEES FORBRLEMIELIERZRVWEL TS, Zh
VX BRI IR R IR SRR TN X B ICEE R D e . B ERRRRE I IR E A
~HELTWB Z 2 E2FRBT LD Thote, T2 THHE TR BRI
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K% 55+ A7~ %, FACS (fluorescence activated cell sorting) #fV ., EGF-R &~
—H—& Uiz, EEFICEDO 3 LOTEE LR W IER RS AL ML 2 R T, £ Ofk
B, b MERREEE ERMIZIL EGF-R $5BEME. SRBMEOSEINTFEE L. MBI
1. fOBMIIZ BV TRENED b D prostate stem cell antigen (PSCA) .
clusterin Bz T DRFEA L RBBLSHER Sz, b MERREZEMALIL EGF-R 5RGM 5
BB A B RS TR ISR, JVMECHWSEEZT 2 IiITN < 200
=N —EMHBBEDEDIMLERD D, £ T, B, FUEEZER LRWVE LW
fifbis & U CHEA S thw 7z DNA 5 A 558 Hoechst33342 2 HEHH§ 2B I & 4848 L LT
5yBE9 % side population (SP)iEXFHAEDE, b MERIREMENMILO FE 22 56tk
ERHETND, THIERIZBWT, SPIEIC XY b MER IR L EHa O 217
27l T A, 0.56—0.9%D SPMlAEH 2/ Z LKL TW5, %, 2O SP il
BEL ECF-RBBMEE L OFE T 1 7 7 A VR B U HERIR O SR 2 A B8R
b~ —R—DRFBEITV., b MNEREREE LR O OBHila O BERE 21T 9.

. B 8 R R

t b OE/NER R b LR A R RIS OBEER T SR e L, ot b
MEJE IR EZ 2 M D characterization?» b, IROFEREZH LM LT,
1) BRI ESE M T, ERRDO~— I —Th HEMA, Cytokeratin8/18M G TH Y |
ERMETHDZ EERALNI L,
2) REHUR DA A 6 . R MR LR IX IFNFRELIZ X Y HLA-DR, CD40, Fas% 33 L,
F 7. SSEFE HI R DO MERK R R & non-SS H 3k o W B _E B TIXIL-1 8, IL-6,
TNFa 72 EW 2D FTRETIBVPERDIIEZHLNII L,
3) BEFRBOMITIZEN T, BEEMIIEROIIIZECGF-REZ BT 503, RIFHIZ
FORBEEPHRLIETIE, #REBEICEGF-RIZEML L. o-amylasel DFREEHZHEK
S BHERES F OB ARREOE(LE RS L, XK R F MRS
X EICEEMEN L2V, RAZBEEMIICOEL TSI EE2RLTWD,
B BHES TR, MEIC LV ELT S LD, HBEMET OMEBREMIEOFEN
R I T,
4) MR REE % IR % IFN y OTFEE 2 IEFE TICTHE& L. IP-10, Mig, I-TACH
FOmRNAFEL & | 158 EEFO 65 FEELISMEIC CEREZIT - 7o, IFNHIFHIC &
YV IP-10, Mig, I-TACO THEfSEEM 7 EH A L BFHFE I, TOEBEEAEIInon-SS
MRV R b R MR I e SSHEVR AR E IR CTITR L TWA Z E2HLNIC LT,
5) SSHEW R bR MRIZ B8\ T, IFNFRKIZ X 0 REDIL-6EA£E % Rl 2# R, HIL-6
PEAGITIXTCR B EEABPMET L TWAESEE R\ E Ui, TCF BIXEEARYIZ S 2
WA NHA U THBZ DD, SSHERAR EEMILOTCE B FEARRIR T A5, IFNFREIC
X BIP-10, MigRIL-6DBRIEAEZ -6 L TWAAREEEEZR LT,
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6) EGF, TL-18, IL-4, IL-6, IL-1072 & DfE~ DY A bI A kT 5 HFER A
non-SSHEAEIZ Hrik LT, SSHEEMR ERAIM CIXE R L CWABEMRH D Z &2 RWE
L7z,

7) MR AIEA DS A IR IC BT AEGF-RE~— X —& L, FACSIZ LY, EEFIZHE
V¥ UDTELE L WK R oML 2R AT, TORBR. b MEREREEE ERGH
HIZ IXEGF-REBEG . TRIEME DB FAE L, JREGMEREIC . MOl IZ B\ THRILR
2 HILAPSCA, clusterinBEFABENICEETIEL L RWE LT,

8) L VHIEDEWIEEERTT O 72, Hiik @A LW LW piifasifis & LTHEM
ENthDd T DNA #EA €% Hoechst33342 ZHEHT 2REN A IR & L THBET 5 SP 5%
WifT LTz, ZOREHR. b MERBEE®E ERMIIZIZ 0.5-0.9 %0 SP AL BSFFE
THZEERLPIZ LR,

9) BEWEISTRMIANEET B EE XL LD SP SEOMIRIZ, PSCA 2AFRIIZHER
LTWAZEHHALMNI LT,

7. MEOELE - A&

R R A DRI HOWTIE, B e AW ZEEZN. A EFIRFHIITOHh T
2HL00, b MEEMD S ORI OB ADOR Y A OWTITHATHHD
TORLTH D, D OEFEGHBESMCET IRRENR~——°, HLoTE
LA TFICONWTOMRITRFZIFEALELNTE LT, b MERBERIS LT
B3 LR R~— I —RREBMNETH -7, FE, ol b MERREE
MBS I, WL OnOBEES TORBEE(LSEIFRICER L, €
I BRI DS E MBI RIS B EGFR #RWE L, oo TFEEZREE LE
FACS IT & 2 MEVR IRer i B 24T o 1=, T OFER. T O EGF-R BBMED BN, LD
BRI IZ BNV TRELE® H LD PSCA, clusterin BT OREMZRFEHE RWEL
7ro F. b 9 — oML DT 7 r—F & LT DNA #5 A 5E Hoechst33342 Z 8
My 2RENZHEE L UTHBET 5 SP L2 1T L. & MERIRETE LMD SP ik
#£[ & main population (MP) MMM DB TFREAMT 21Tz, TOF/ER., mWE
B CTEHMANEET S L E X b SP A EOMAIIZ & PSCA NRFERANICEBITLH I &
FHOLMNILE, ThDLOERND, b MERREEE ERR R SRR R 23 1
7£ L. EGF-R BAMBME S E N CEpMie 2 S TevlREME A R LTc, £/ PSCAZE 2D~ —H—
ELTHATAZET, LVMEOREVEBMESHIELTT) Z E KRS EEXTW
%, &1, EGF-R & PSCA Z AV THIfE D EREITV, T b DM T 591 b
A VR EORFEREL, ZOMBEROHEHIESCE CEREIC O W TR 21T
AV AN

—117—






TFeERRE4 - Chorea—acanthocytosis DISIEREFFIZEET 2HI%E (BFFEE5- S2003-11)

% —177— K :1) chorea—acanthocytosis
2) Futa BN E s (autosomal dominant heredity)
3) BMEERYE (hereditary chorea)

WRE A« FARE - BHE - BiF - CRBErHRaRs: (MR
@ 7Yy URE EE)

IR

FIEERZSIEC & 2 ERANEIEIR & RASAIRILER % 235 7R8I E neuroacanthocytosis AEfE
#f[chorea-acanthocytosis (BAF ChAc), McLeod JEf5R¥, abetalipoproteinemia, Huntington’ s
disease-like 2 with acanthocytosis (EAFHDL2 associated with acanthocytosis) ]& &, B3
E T D ChAc 235V, ChAc DJRRERSFFEIRIL, neuroacanthocytosis REMERETZITC72< . phenotype
DEEL 5 Huntington % (AT HD) 72 &% < ORBFEERZAMBDORFAICEF ST 5 LEXD
N5, E7- Chic HHEAEEMBERIRIZB O TRE S CHAC (20 VPS13A LEdrEi) O
B, Fox SR T TR Ui B YA AMEMERZESR (AT AD-ChAc) IZ361T 2REOITIC L W A
BANTT B, EHITVPSISA BEILTFRELZ L /37 chorein DIREZ S TR CHEIT L., fhOB(R
MEAEERR & DRI D Z &R TE D0 ERET 5,

et
HBHNT O HEN IRFERORTIED D 5ERRE T o T,
1) AD-ChAc2 ZERITHIT HEIGTFAREFE, oD neuroacanthocytosis JEMRRFE{ IR T & DB
RS
2) ChAc IZ33\F A RBEESEBN kI35 5-HT, agonist T 5 tandospirone citrate (LLTFTC) W
FRZh DR
3) HE LR BRI AMBIZER LIcHUR~TT Mo+ % 3 O UAZ M
V2 CHAC protein (chorein) FEODGfE ISR (BE B, MREEE, EFa ha—
Ve DR ki R 7 ARG R ORE)
4) FEEHRE AW A AF—T v FOERKERRCIST DiRE
5) Bex BRELERBIRTDOIn—=2T
6) 7u—=V7 LB TE#EA L N T VATV 2=y 7~ 7 ADVERL
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WFERR
1) AD-ChAc 2 FRITBNTE 72 B LV VPSI3A ZERAZFE L, AR-ChAc TOEBEIST CHAC
OZERN AD-ChAc DFRICH72D 9D Z EAFHA LT, ZHBIIERMEIA R =T (Becker H,
Thomsen %) & [FHRIZ, HYGARLIEER TH HIEHREMERE CTHR—DORBNRBIEL > D2
L&/ L., chorein B$RER4A3, dominant negative effect #1859 5 wIREM: 2 R"Ed 5,
2) Frx OEIE L7z AD-ChAc 2 Z5R1E, Walker @ B34 L7z AD-ChAc &1 genotype, phenotype
EHRRDHZEEWE LT,
3) Hichorein HUAIZ L5t MEFEAHRERROYLED, ATP Yuft, NADH-TR Yuft & [FfkoD /2 — %
95 LR, ChAc BE B CIZFMED chorein BESRH0TH Y | MOBEI=HEE
I & DERIFIRECTH D Z L ZFAHA LT, I ha v N 7ERERFIZE L QIEEH C&E 22 o7z,
a) Walker RH, et al. Neurology 2003;61:1002-4

WEDEL - KK
1) BT chorein FUAIZ X BB TIZ, ChAc ICOAEF 270, OB TR
ZFROIRHo1-Z LD, ChAc & Huntington J572 E DO MR & O common pathway %
OGN HZ LiITTE o7,
2) B chorein HUAIZ L 25U TIL, FEHEGE CREIZ deposit 38872, T4 VPSI3A
? homology KF&M & DOHERETAR (trans—Goldi network (ZBE5-L., MWD maintain [CHET
bB) L—ETHLEZXON,
3) BELDDIRIoT- T8, TC DOIEFENFIEE L CI3FST publish S5 LYLDFRITEH
TZEBRTERDPT,
4) BIE, BRFERE 3) DRastit Neurology SRICEFRH TH 5,
5 FIUAV =y 7=UAOMEE, FHEBORIED DI S LT,

WroEFREER
Saiki S, Sakai K, Kitagawa Y, Saiki M, Kataoka S, Hirose G. Mutation in the CHAC gene in

a family of autosomal dominant chorea—acanthocytosis. Neurology2003; 61: 1614-1616
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Mutation in the CHAC gene in a
family of autosomal dominant
chorea-acanthocytosis

S. Saiki, MD; K. Sakai, MD, PhD; Y. Kitagawa, AS; M. Saiki, MD; S. Kataocka, MD, PhD; and
G. Hirose, MD, PhD

Abstract—Although mutations in the CHAC gene have been identified in autosomal recessive chorea—acanthocytosis
(AR-ChAc), the molecular basis of autosomal dominant ChAc (AD-ChAc) remains to be determined. The authors investi-
gated abnormalities in the CHAC gene in an AD-ChAc family with mRNA and sequencing analyses of mRNA and genomic
DNA. A novel single heterozygous mutation in the last nucleotide of exon 57 of the CHAC gene, which could cause
skipping of the exon, was detected in affected siblings.

NEUROLOGY 2003;61:1614—-1616

Although most cases of chorea—acanthocytosis
(ChAc) are transmitted as an autosomal recessive
trait (AR-ChAc), some cases have been inherited as
an autosomal dominant trait (AD-ChAc).! The gene
(CHAC) responsible for AR-ChAc and its encoded
protein, chorein, have been identified.?® Several mu-
tations in the exons and introns of the CHAC gene

gene,* confirming that it is responsible for AR-ChAc.
We have found abnormalities in the CHAC gene in a
Japanese family with AD-ChAc.

Patients and methods. Patients. Clinical features of the ped-
igree are shown in the table. Neurologic examinations and studies
of red blood cells in a wet preparation were performed in five
affected individuals (II-1, I1-9, III-1, III-2, and III-3) and the pro-

band’s mother (II-4). Blood smears were prepared from venous
blood by placing a small drop of blood on the surface near the end
of a clean glass slide. The spreader slide was kept at a 45° angle
against the horizontal slide and was then drawn rapidly and

led to missense or nonsense mutations in chorein
protein. A recent extensive study conducted of AR-
ChAc found various abnormalities in the CHAC
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Table Clinical features of the family

Patient dﬁgfh(,)ir Onset,y Involuntary movement DTRs MMSE [Igrlr{ﬂ] Acanthocyte NCV Muscle biopsy

I-1 62 30-35 chorea, ballism NE NE NE NE NE NE

II-1 62 38 chorea, tics hypoactive = NE 710 15% NE NE

I1-3 50 25-30  choreoathetosis NE NE NE * NE NE

1I-4 64 — none normoactive 29 167  none NE NE

11-9 65 25-30  chorea, tics hypoactive  NE NE 20% NE NE

II1-1 42 20-25  choreoathetosis, ballism hypoactive  NE NE 15% NE NE

II1-2 37 35 chorea, tics, oral hypoactive 28 851 15% delayed variable fiber diameter

dyskinesia
II1-3 34 25 chorea, tics, OCB hypoactive 25 1179 20% delayed variable fiber diameter

* Although acanthocytes were detected, the percentage was unknown.

DTR = deep tendon reflex; MMSE = Mini mental state examination; CK = serum creatine kinase [normal value: 47-212 U/ml];
NCV = nerve conduction velocity; NE = not examined; OCB = obsessive compulsive behavior.

smoothly over the entire length of the slide. Blood biochemistry
tests were performed in three affected individuals (II-1, III-2, and
II1-3) and the proband’s mother, whereas nerve conduction veloc-
ity studies, biceps brachii muscle biopsy, and brain MRI were
undertaken in two affected siblings (III-2 and III-3).

Reverse transcription PCR and sequencing analysis. Five mi-
crograms of total RNA was prepared from lymphocytes from the
affected individuals and their unaffected mother and used for the
reverse transcription (RT) reaction with Moloney murine leuke-
mia virus reverse transcriptase. The cDNA were amplified by PCR
using primers specific to human chorein mRNA. Independently
amplified products were purified, and >10 independent subclones
were sequenced.

Genome analysis. Genomic DNA was extracted from the
blood samples from affected individuals and their unaffected
mother. Exon 57 and exon-intron boundaries of the CHAC gene
were amplified and used for direct sequencing.

Results. We identified a pedigree of ChAc (figure 1A).
The proband (III-2) and her sibling (III-3) were affected
with ChAc and their father (II-3) and grandfather (I-1)
presumptively affected. But their mother (II-4), who has no
consanguinity, had been in good health and had neither
neurologic symptoms nor acanthocytosis. Furthermore, as

Figure 1. (A) The pedigree of the Japanese family with
chorea—acanthocytosis analyzed here. Black symbols = af-
fected individuals; gray symbols = presumptively affected
individuals; open symbols = unaffected members. Patients
with an asterisk underwent genetic analysis. (B) Wet blood
smear showing many acanthocytes with spiky projections
in peripheral blood (Patient I11-2). (C) Brain MRI study
showing atrophy of bilateral caudate nuclei and mild cor-
tical atrophy (Patient I11-2).

another three members were found to have the disease, we
concluded that the inheritance trait of this pedigree is
autosomal dominant. Five affected individuals showed pe-
ripheral acanthocytosis (see figure 1B). Abetalipoproteine-
mia was not detected in the proband or her brother, and
their brain MRI study revealed bilateral caudate atrophy
(see figure 1C). Three members, the proband, her brother,
and their unaffected mother, consented to provide research
samples for genetic analyses, and the other family mem-
bers declined.

First, we investigated mutations, deletions, or inser-
tions in the chorein mRNA of the two affected siblings and
their unaffected mother. We carried out RT-PCR with
mRNA from lymphocytes using 10 pairs of overlapping
primers encompassing the entire coding region of the
chorein mRNA (figure 2A). Subcloning the PCR products
and sequencing revealed that 82 bp, corresponding to exon
57, were deleted in the chorein mRNA from the two af-
fected siblings (see figure 2A) but not in the mRNA from

8295

-4
A AACCTGAAT

- ME:I;;I-SS 1 Exon 58 o 8295
ATA CAGICACCAA  ms 4

AAACCTT GAAT

8295

-3
AAACCTT G A AT

Figure 2. (A) Overlapping primers used for reverse tran-
scription (RT) PCR analysis of the chorein mRNA. Prim-
ers encompass the entire coding region. RT-PCR result
with the chorein mRNA from the affected siblings. Dele-
tion of an 82-bp nucleotide, corresponding to exon 57, was
detected in the affected siblings. This deletion could cause
a frameshift mutation, leading to premature termination
of translation of the chorein mRNA. (B) Sequence chro-
matograms around nucleotide 8,295 in the CHAC gene.
Mutation in the last nucleotide in exon 57 (8,295G—A) of
the CHAC gene from two affected siblings (II1-2 and II1-3)
is heterozygous, whereas their unaffected mother (II-4) is a
homozygote wild type.
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their unaffected mother. This deletion could cause a frame-
shift, leading to a premature termination of translation of
the chorein mRNA. In materials from the affected siblings,
some subclones had a deletion and others had wild type,
indicating that the deletion was heterozygous. No other
abnormalities were detected in the coding region of the
chorein mRNA from the affected siblings.

To determine the genome abnormality responsible for
this deletion in the chorein mRNA, we investigated abnor-
malities in exon 57 and introns 56 and 57 of the CHAC
gene from the two affected siblings and their unaffected
mother. Genome analysis revealed a heterozygous G—A
transversion at the last nucleotide of exon 57 of the CHAC
genes from the affected siblings, but the CHAC gene from
their unaffected mother showed homozygote wild type (see
figure 2B). This mutation in exon 57 of the CHAC gene has
not previously been reported in AR-ChAc families.

Discussion. The clinical features of this family
were typical of ChAc. Although neither mutations of
the XK gene nor Kell antigen expression was looked
for in the family, we have ruled out McLeod syn-
drome based on male-male transmission over two
generations and three women presenting with typi-
cal ChAc symptoms. Four women carriers with a
heterozygous XK gene mutation in a single family
have been identified, whereas only one has shown
clinical abnormalities.®

It is well established that abnormalities in the
CHAC gene are responsible for AR-ChAc, whereas
the molecular mechanism of AD-ChAc remains to be
determined. Although several cases of AD-ChAc fam-
ilies have been reported, the evidence for autosomal
dominant inheritance is somewhat unclear and sug-
gests reduced penetrance and variable clinical pre-
sentations. There is an AD-ChAc family without
CHAC mutation,® and the possibility that AD-ChAc
is due to expanded trinucleotide repeats has been
suspected. However, the affected members of the
kindred did not show typical AR-ChAc symptoms
such as seizure, peripheral neuropathy, and myop-
athy, whereas the clinical phenotypes of AR-ChAc
and AD-ChAc are the same.

Different mutations in one gene can result in ei-
ther dominant or recessive phenotype. Autosomal re-
cessive congenital myotonia (Becker) and autosomal
dominant congenital myotonia (Thomsen) show sim-
ilar clinical phenotype, and both have genetic defects
in the same CIC-1 gene.” A mutation Gly275 (1-bp
ins) in retinal pigment epithelium G protein-coupled
receptor has been reported to cause dominant retini-
tis pigmentosa, whereas the Ser66Arg mutation in
the same gene appears to be recessive.? In this study,
we have investigated abnormalities in chorein
mRNA and the CHAC gene from AD-ChAc. We found
a single heterozygous mutation (G—A) in the last
nucleotide of exon 57 of the CHAC gene of the af-

1616 NEUROLOGY 61 December (1 of 2) 2003

fected members. It has been demonstrated that the
substitution of an A for G in the last nucleotide of
the exon causes an exon skipping in a collagen gene
associated with Ehlers-Danlos syndrome type VII
and an ornithine transcarbamylase gene.® Thus, this
single heterozygous mutation in the last nucleotide
of an exon in the CHAC gene can be predicted to
induce skipping of exon 57 and cause a frameshift,
leading to premature termination of translation of
chorein mRNA. Both affected siblings were heterozy-
gotes, and the unaffected mother was homozygote
wild type. These findings suggest that the CHAC
gene may be responsible for AD-ChAc as well as
AR-ChAc.

It remains unclear why a clinical disease with one
mutation appears to be recessive, whereas the dis-
ease with another mutation appears dominant. In
congenital myotonia, whether a mutation behaves in
a dominant or recessive manner might depend on the
severity of its effect on kinetics and current densi-
ty.1> Although the precise neurobiologic function of
the chorein protein is not known, this feature possi-
bly implicates a common etiology for a variety of
neurodegenerative disorders, including the disorder
in this AD-ChAc family. Loss-of-function mechanism
of the chorein protein encoded by the CHAC gene is
likely to contribute to the pathogenesis of ChAc un-
less there is dominant negative effect. Further inves-
tigation with genetically manipulated models
harboring the identified mutations of the CHAC gene
could provide more information about the relevance
of the mutation to the pathogenesis of AD-ChAc.
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