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Preface

This Annual Report summarizes briefly the research activities and the
achievements in the Institute for fiscal year 1994 (from April 1994 to March
1995). At the middle of this period, commissioning of the new clinical trial of
cancer treatment was successfully started using heavy ion beams of the HIMAC
which was completed at the end of fiscal year 1993. At the same time, various
kinds of basic research projects using the same heavy ion beams were also begun
in an open use system available to many facilities outside the Institute.

As can be seen in the Appendix, the Institute is covering a very wide area of
comprehensive radiological sciences from molecular biology to environmental
studies and radiation medicine including physics and engineering related to
therapy and diagnosis. Therefore, the collected topics have been classified into
several categories from physics to environmental science. Many studies do not
easily fit such classifications because of cooperation between various research
groups.

It is a great pleasure to acknowledge the continuous support from our funding
agency, Science and Technology Agency, in particular for promotion of several
large and long-term projects including medical applications of radiation related to
heavy ion therapy.

March 1995

Yasuo Hirao, Ph.D.
Director-General
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Physics

1. Analysis of Minute Etch Pits of Charged
Particle Tracks in CR-39 Using an Atomic
Force Microscope

Mikio Yamamoto, Tatsuaki KanaL Nobuhito Ishigure,
Akira Furukawa. Isamu Hayata. Masahiro Doi,

Yoshikazu Kumamoto, Tomoko Kokado,
Masako Nishikawa, Mieko Kurano,

Hidetoshi Nagasaka1 and Koichi Ogura2

('Toho Univ., -Ninon Univ.)

Keywords: nuclear track detector, CR-39, etch pit, heavy
ion, cancer treatment, atomic force microscope, scanning
probe microscope

Plastic nuclear track detectors such as the CR-39 are
widely used for flux, LET and dose measurements of
charged particles. Etch pits must be etched to more than
10 ptm in diameter so as to be analyzed well with an
optical microscope.

However, this method can not be appleid to the
measurements for heavy ion cancer treatments, because
the density of the charged particles is more than lOVcm2

and almost all etch pits overlap each other. A feasibility
study is undertaken on the possible application of an
atomic force microscope (AFM) in this situation.

CR-39 (BARYOTRAK) plastic track detectors are
irradiated by carbon ion beams from the HIMAC in
NIRS. The detectors are etched in 80'C, 27% NaOH
solution for several minutes. Then, their surfaces are
scanned with the AFM. Three-dimensional surface image
information of nanometer scale for the CR-39 detectors
are output from the AFM (Fig.l).

Image processing can extract information on the
diameter and depth of each minute etch pit. Sensitivity is
related to LET and it is calculated by Eq.l:

Sensitivity = (VT/VB)-l=(sin d ) ' - l (1)
where VT is the etching velocity along the track, VB is
the bulk etching velocity, and S is the subcone angle of
etch pits.

Results of the etch pit diameter, depth, subcone angle
and sensitivity of two CR-39 detectors (#40 and #49).
The detectors are separated by 7.7mm along the beam
line just in front of the Bragg peak of the 135MeV/u
carbon broad beam in Lucite.

This method can be apploed to flux measurements for
cancer treatments with carbon ion beam (Fig.2).
Furthermore, the possible appliction of this methol is
shown for quantitative LET analysis.
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Fig. 1 Histograms of parameters of etch pits caused by a
135MeV/u carbon beam.

Fig. 2 An AFM bird's eye view image of etch pit cones
(4.5X4.5 fim) in CR-39 just in front of the Bragg
peak in Lucite when irradiated by a 135 MeV/u
carbon ion beam (flux density: 108/cm2) after
etching for 6 minutes in 80°C, 27% NaOH
solution. The height means the depth of etch pits.
The depth scale is enhanced in the display and it is
0.4/im/division.

Publication:
Yamamoto, M., et al.: Med. lmag. Tech., 13,597-598,1995.
Yamamoto, M., et al.: Ionizing Radiation, 21, 89-101, 1995.
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2. Analysis of Reconstructed Image Noise of
Uniformly Attenuated Objects for 2D Positron
Emission Tomography

Hideo Murayama and Norimasa Nohara

Keywords: Image reconstruction, positron emission
tomography, nuclear medicine

Due to statistical noise in projection data on positron
emission tomography (PET), reconstructed images have a
unique noise property. The statistical noise property of
2D PET images has been evaluated in the case of a
constant attenuating disc object with a uniform disc
source from a theoretical consideration of the
reconstructed image noise. The evaluated disc has a
radius Re with a uniform activity distribution of
f(r)=l for | r |< Re and f(r)=0 for | r |> Re, where r is
the position vector. The activity is concentrically placed
in a disc of radius Ra with a uniform attenuation
coeffecient p , and the centers of both the discs are
located at the origin. Scattered and random coincidence
events are neglected and projection data are assumed to
be distributed according to Poisson's Law. The relative
variance in a reconstructed image can be approximately
represented with two factors. The first factor is position-
independent factor Vo ( |r |=0) which is the variance at
the center, and the second is a position-dependent factor
Cra ( | r | Re, p Ra. Re/Ra) which gives dependence of the
image noise on the position r from the center.

In the case of p =0, Vo( | r |=0) is expressed as the
variance Vo (p =0). The ratio of Vo ( I r | =0) to Vo( p =0)
represents an attenuation factor Co (p Ra, Re/Ra), which
gives dependence of the image noise at the center on p.
Re and Ra. For Re=Ra, this factor is the same as the
attenuation factor derived by Tanaka and Murayama
[IEEE Comput. Soc. Order No. 406, 158-164, 1982].
When Re/Ra approaches 0 or Ra increase, Co (p Ra,
Re/Ra) is close to 1.

On the other hand for p =0, Cra (| r | /Re, p Ra=0, Re/Ra)
can be represented with F{-l/2, 1/2; 1; (|r|/Re)2) for | r |
<Reand(l/2) F{l/2, 1/2; 2; (Re/|rI)2} -(Re/|rI) for | r |
>Re, where F{a,b;c;z) is the hypergeometric function.
This variance factor at a distance |r|=Re, is 0.637 of the
one at the center. The position - dependend factor of the
variance with attenuation is lower than with the non-

attenuation case. If Re is fixed, then the factor shows
behavior close to the non-attenuation case with an
increase of Ra.

From the results of an analytical comparison and a
typical calculation of image noise, it is suggested that a
large diameter of the source disc causes noise
amplificaion, a large diameter of the attenuating disc
causes a lower noise magnitude, and the noise property
for the large attenuating disc is close to the case for the
non-attenuating object with a disc source.

Figure 3 shows typical position-dependent Cra(r/Re.
«Ra, Re/Ra) factors as a function of | r | for the case of

Re =10cm with /x=O.O95&cn\-]. In this figure, the dotted
curve shows the factor for p=0cm~l. All position-
dependent factors for attenuation cases are lower than
the corresponding one for the non-attenuation case with
the same Re and | r | . If Re is fixed , then the factor
shows a behavior close to that of the non-attenuation
case with an increase of Ra. Therefore the factor p
=0cm"' yields the upper limit of the factors for
attenuation cases.

Re = 10cm ( H = 0.0958 cm-1)

0 5 10 15 20

D i s t a n c e from t h e c e n t e r : |rj (cm)
Fig.3 Position-dependent Cra (r/Re, p Ra, Re/Ra) factors

corresponding to hot-spot discs as a function of
distance |r | from the center for Ra=10cm and
Ra=15cm with Re =10cm and anattenuation
coefficient /i=0.0958cnr'. Note that p-0cml

(dotted curve) yirlds the upper limit of the factor.

Publication:
Murayama.H., Nohara, N., Kinura, Y.and Shinohara.H,:
Med. Imag. Tech., 13,74-84,1995.
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3. Stopping Powers and Ranges for Heavy Ions

Takeshi Hiraoka, Hans Bichsel*, Akifumi Fukumura,
Kaname Omata and Mitsue Takeshita

(•University of Washington)

Keywords: stopping power, range, heavy ion, mean
excitation energy, energy loss

With the initiation of radiation therapy with 290
MeV/u carbon ions at the HIMAC (Heavy Ion Medical
Accelerator in Chiba) in June of 1994, the need for tables
of stopping power and range for these ions has arisen.
Stopping power is needed for dosimetry with ionization
chambers and for the calculation of depth dose functions.
An extensive set of tables for all ions from He to atomic
number equal to 103 has been published for many
elements, but no recent tables for compounds are
available. For the use in cancer therapy, data are needed
for compounds. Therefore, stopping power and range
functions have been calculated for carbon ions and are
presented in the form of tables. As the starting point for
an approximation of stopping power S, the Bethe theory
is used here. It is supplemented with shell corrections,
Bloch and Barkas corrections, and charge state
corrections. In this form it is currently the most reliable
theory of stopping power.

No fundamental theory of stopping power S for small
particle speeds is available at present. The algorithm used
here for these speeds is that of a function with several
parameters which are adjusted to approximate
experimentally measured data. Evidently, further accurate
experimental measurements of stopping power are
needed, especially in gases for energies of a few MeV/u.

The materials for which data are given have been
chosen to be useful for applications in radiation therapy.
In particular, absorbers may be used outside a patient to
inform the radiation field to the desired shape covering a
tumor. Also, absorbed dose is frequently determined with
ionization chambers. Furthermore, a simulation of patient
geometries can be made with tissue substitute materials.
Absorbers used for this purpose are used, and stopping
powers and ranges given in the Tables.

The calculations for the gases were made with the
charge state correction used for the solids. This
assumption introduces additional uncertainties to the
tabulated functions, which at the present cannot be
assessed. A problem which also must be considered in
applications is the fragmentation of the ions. It is
considered in some publications. The overall uncertainty
of S should be assumed to be about ±2 % for the particle
energy greater than 10 Me V/u and may be as much as 30
% at very small speeds. Nuclear collisions contribute

much less than 0.1 % to the energy loss, except at very
small speeds.

No direct comparison with experimental data has been
made so far for this report. Measurements of the average
energy loss of carbon ions from 290 Me V/u to about 90
MeV/u are currently being made at NIRS. A preliminary
comparison with the calculations shows agreement within
1 %. Several uncertainties are associated with the
algorithm used here. While estimates are given for these
uncertainties, they may be modified as more information
becomes available.

Publication:
Hiraoka, T and Bichsel, H.: Jpn J. Med. Phys., 15, 91-
100, 1995

4. Attenuation of Therapeutic Carbon Beam
Due to Projectile Fragmentation

Akifumi Fukumura, Takeshi Hiraoka, Takehiro Tomitani,
Tatsuaki Kanai, Toshiyuki Kohno, Takeshi Murakami,

Shinichi Minohara, Naruhiro Matsufuji, Hiromi Tomura,
Yasuyuki Futami and Takashi Nakamura*

(*Tohoku Univ.)

Keywords: projectile fragmentation, carbon beam,
attenuation, total charge-changing cross section

The clinical trial for heavy-ion therapy has
commenced at HIMAC facility in NIRS. Accelerated
heavy ions exhibit a flat depth-dose distribution up to a
point in their range where there is a marked increase in
dose called the Bragg peak. To superimpose this sharp
peak over the whole tumor volume, the peak is spread out
by the ridge filter and the maximum range is shifted
roughly by the range shifter and finely by the three
dimensional bolus during therapy. However projectile
fragmentation along the beam path in those devices
causes an attenuation of the primary particles and may
disturb the depth-dose distribution which is essential in
the treatment planning.

We have therefore measured the attenuation of the 290
MeV/u carbon beam as a function of thickness of several
target materials, such as water, polyethylene, polymethyl
methacrylate (Lucite), graphite, aluminum and copper.
We placed the target between two plate-type plastic
scintillators along the beam axis. The upstream
scintillator was used to count No, which is the number of
carbon ions impinging on the target. The other one was
used as a AE detector which generates a pulse in
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accordance with the energy deposited by the particle
passing through the detector. By integrating the peak of
the carbon ions in the measured ZlE-spectra, we evaluated
N, the number of carbon ions which survive after passing
through the target. Dividing N by No for each target
thickness, we obtained the nuclear attenuation of the
carbon beam as a function of target thickness.

Figure 4 is given as an example of the measured
attenuation of the 290 MeV/u carbon beam. In this case
targets were water, and Lucite and polyethylene, which
are used as tissue equivalent material, and the materials
of the range shifter and the bolus, respectively, in the
therapy. The horizontal axis is water equivalent
thickness, which was determined through the range
measurement and is the unit used in the treatment
planning. The figure shows that the attenuations of the
290 MeV/u carbon beam in Lucite and polyethylene
agree well with that in water. In addition, the attenuations
measured for three different targets also agree with the
semi-empirical calculation for water. This means that we
can regard Lucite and polyethylene as water equivalent
material also in terms of nuclear attenuation of the carbon
beam. We therefore find that it is appropriate to select
Lucite and polyethylene as the materials for the range
shifter and the bolus, respectively, in the therapy.

For other targets, the measured attenuations also agree
well with results from semi-empirical calculations. We
also determined the total charge-changing cross sections
of the carbon beam for six different target materials from
the slopes of the measured attenuations. These cross
sections are in good agreement with the semi-empirical
calculations within the experimental errors.

0.1

X Water
********* Water (Calculation)

• Lucite
T polyethylene

S 10

Water Equivalent Thickness (cm)

15

Fig.4 Attenuations of the 290MeV/u carbon beam in
water, Lucite and polyethylene.

5. Preliminary Measurements of Auto Activation
of 12C Beams with a Commercially Available PET

Takehiro Tomitani, Kyosan Yoshikawa.
Mitsutaka Kanazawu, Tatsuaki Kanai

and Yasuhiro Wada*
(*Siemens-Asahi Medical Technologies Ltd.)

Key words: heavy ions, fragmentation, auto activation,
PET.

In heavy ion therapy, some of the projectiles undergo
fragmentation on penetrating through intervening
materials. Of these fragments, those deficient in neutrons
emit positrons. Positron emitters can be imaged with the
positron emission tomography (PET) technique. The
time-of-flight of the secondary particles is short
compared with their half lives, so that positrons are
essentially emitted after they come to rest. Since the
energy of the primary particles is partitioned into
fragments, the energy spectrum of the secondary particles
is broadened and the distribution spreads out. Various
positron emitters are produced simultaneously through
fragmentation. For example, "C, lnC, 9C and 8B are
produced from l2C projectiles. Since the end point of a
secondary particle depends on the mass and the charge of
the particle, it is necessary to separate one isotope
species. Three components were observed in the time
spectrum and the longest one was "C ('1/2=20.34
minutes). Other components decayed away within 2
minutes after irradiation. The PET device is located apart
from the heavy ion facility and as sample transportation
took at least 5 minutes, "C was automatically separated
from other components.

A polyethylene cylinder of 15 cm 0 was irradiated
with 8Gy of I2C beams and the three-dimensional
distribution of "C was measured with a commercially
available PET in an off-line way. Nominal projectile
energy was 290 MeV/u and its range in water was 16.3
cm. A 7.5 cm thick polymethylmethacrylate block was
inserted to adjust the end points to the center of the
cylinder. The measured "C activity distribution is shown
in the left photograph of Fig.5. The spatial spread of PET
is 8-9 mm FWHM in both axial and cross-sectional
directions. The measured spatial resolution is 8-9 mm
FWHM in a plane perpendicular to the beam direction,
while that in the beam direction is further blurred by
12mm due to the variation of residual ranges of
fragments. The spatial spread is roughly consistent with
the distribution calculated from a semi-empirical formula
of fragment-ation cross sections within the PET spatial
resolution.

To test the quality of the image under therapeutic
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irradiation conditions, the same polyethylene cylinder
was irradiated with 1.24 Gy of I2C beam of the size, 4cm
x4cm. To form the spread-out Bragg peak, a ridge filter
of 4 cm thickness was set in. The amount of the dose is
one fractional dose of the current therapeutic schedule.
The " C activity distribution is shown in the right
photograph of Fig. 5. Due to low yield of the
fragmentation reaction, the number of measured events is
low and the quantification seems difficult. However, in
spite of the poor statistics, the distribution forms a
distinct peak owing to the high target to background ratio
and the present method is applicable to verification of the
beam position. Since chemical forms of the activities
inside the body are not known, their metabolism must be
studied before applying off-line measurements to clinical
purposes.

Publication:
Tomitani, T., Yoshikawa, K., Kanazawa, M., Wada, Y.
and Kanai, T. Proceedings of NIRS International
Seminar on The Application of Heavy Ion Accelerator to
Radiation Therapy of Cancer in connection with XXI
PTCOG Meeting, NIRS-M-1O3/HIMAC-OO8, 125-130,
1994.

Fig.5 Left photograph is the central section image of the
"C auto activity generated from "monochromatic"
l2C beams inside a polyethylene cylinder. The
beam width is 1 cm. Right photograph is the
central section image of the " C auto activity
generated from the spread-out Bragg peak with a 4
cm-thick ridge filter. Beam width is 4 cm. The
beams are incident from the left side of bpth
images.
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6. Oxidative DNA Strand Scission Induced by
Copper(ll)-Complexes and Hydrogen Peroxide

Jun-ichi Ueda, Yoshie Shimazu and Toshihiko Ozawa

Keywords: DNA strand scission, hydrogen peroxide,
copperill) complexes, hydroxyl radical

Oxidative DNA damage from active oxygen species
has been hypothesized to play a critical role in several
diverse biological processes including mutagenesis,
aging, carcinogenesis, radiation damage, and cancer
chemotherapy. Cellular metabolism has been shown to
generate such active oxygen species as hydrogen
peroxide (H2O2), singlet oxygen, and superoxide (O2").
The DNA damage may be caused by hydroxyl radical
(•OH) produced by a Fenton-type mechanism in which
transition metal ions such as iron and copper are cycled
by first being reduced by superoxide and then oxidized
by H2O2. Recently, there has been considerable interest
in the reactions of Cu(II) ions with H2O2 which has been
shown to produce extensive strand breakage in DNA.

In order to understand the role of copper ion in
oxidative DNA damage, DNA strand scission by Cu(II)
complexes and H2O2 was investigated. The following
Cu(II) complexes were used: Cu(II) complexes with
histidine containing oligopeptides such as Cu(HG),
Cu(HGG), Cu(HGGG), Cu(GH), Cu(GHG), Cu(GGH),
and Cu(GGHG). Figure 6 shows the DNA strand
breakage after the reactions of some Cu(II) complexes
with H2O2. DNA derived from plasmid pBR 322 showed
2 bands on agarose gel electrophoresis (lane 1): the faster
moving band corresponded to the native form of
supercoiled circular DNA (abbreviated as SC) and the
slowly moving one was the open circular form
(abbreviated as OC). The treatment of DNA with H2O2
only (lane 2), Cu(HGG) only (lane 3), and Cu(HGGG)
only (lane 5) did not change the migration pattern,
indicating these species did not cause the DNA strand
scission. However, when Cu(HGG) plus H2O2 (lanes 4
and 7) were used, DNA breakage into the open circular
form and the linear form (abbreviated as LIN) was
observed. In particular, Cu(HGGG) plus H2O2 (lanes 6
and 8) caused more extensive DNA strand breaks than
did Cu(HGG) plus H2O2. As a result, neither OC nor
LIN was observed in the electrophoretic pattern as shown
in Fig. 6. The DNA strand scission was observed in the
following Cu(II) complexes: Cu(HG), Cu(HGG), and
Cu(HGGG). On the other hand, the DNA strand scission
was not observed in the Cu(II) complexes of
ologopeptides containing histidyl residue in the second or
third position such as Cu(GH), Cu(GHG), Cu(GGH), and
Cu(GGHG). Since neither Cu(II) complexes nor H2O2

was able to damage DNA. the presence of both Cu(II)
complexes and H:O: was judged necessary to cause the
DNA damage.

On the other hand, ii is already known that Cu(II)
complexes of oligopeptides containing histidyl residue at
the N-terminal have high reactivities towards H2O2 to
yield more reactive «OH. whereas those containing
histidyl residue in the second or third position do not
react with H:O:. Therefore, the results obtained suggest
that there is a reasonably good correlation between
DMPO-OH formation and the extent of DNA strand
scission. Thus, the DNA strand scission may be caused
by »OH which is generated by the reactions of Cu(II)
complexes with H:O: as shown in the following
equations.

(1)
Cu(II) + O:" — Cu(I) + 02 (2)
Cu(I) + H:O: — Cu(II) + OH + OH" (3)
•OH + DNA — DNA strand scission (4)

It is assumed that H:O: reduces Cu(II) to Cu(I)
followed by the reaction of Cu(I) with H2O2 to give OH.
Since H2O2 and O2" can be formed in living cells by
radiation or naturally through metabolic pathways, it is
reasonable to consider that Cu(II)-oligopeptide
complexes are capable of initiating DNA damage in vivo.

In conclusion, Cu(ll) complexes with peptides
containing histidyl residue at the N-terminal cause DNA
strand breakage in the presence of H2O2, whereas Cu(II)
complexes with peptides containing histidyl residue in
the second or third position do not cause it. For the
former, the DNA damage may be caused by O H which
is generated from the reactions of Cu(II) complexes with
H2O2.

1 2 3 4 5 6 7 8 9

Fig.6. Cleavage of supercoiled DNA by Cu(II)
complexes in the presence of H:O2.
Lane I; DNA alone. Lane 2; DNA + 25 mM
H2O2. Lane 3: DNA + 0.25 mM Cu(HGG).
Lanes 4 and 7; DNA+ 0.25 mM Cu(HGG) + 25
mM H2O2. Lane 5: DNA + 0.25 mM Cu(HGGG).
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Lanes 6 and 8; DNA + 0.25 mM Cu(HGGG) + 25
mM H2O2. Lane 9; DNA marker. Loading 0.5 (ig
DNA per lane. All reactions were performed in 10
mM phosphate buffer (pH 7.4) at room
temperature for 1 min.
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7. Synthesis of Polyhydroxylated Pyrrolidines
from (S)-Pyroglutaminol and (R)-Serine

Nobuo Ikota

Keywords: polyhydroxylatedpxrrolidine, (S)-pyroglutaminol,
(R)-serine, allylic strain, rutenium tetraoxide, glycosidase
inhibitor

Polyhydroxylated pyrrolidines are potent inhibitors of
glycosidases and mannosidases and have therapeutic
utility in the treatment of various diseases such as viral
infections. In connection with our studies on the synthesis
of polyhydroxylated amines, we describe here (Fig.7) the
synthesis of (2R, 3/?, 45)- and (2R, 3/?, 4/?)-3, 4-
dihydroxy-2-hydroxymethylpyrroIidine (land 2) and (2R,
35,47?, 5/?)-3,4-dihydroxy-2, 5-dihydroxymethy-lpyrrolidine
(3) from (5)-pyrogIutaminol and (/?)-serine.

c/VDihydroxylation of a, /?-unsaturated lactam (4)
prepared from (5)-pyroglutaminol, gave a diol (5) in 82%
yield, which was further converted to (2/?, 3/?, 45)-3, 4-
dihydroxy-2-hydroxymethylpyrrolidine (1) by reduction
of the lactam carbonyl with borate-tetrahydrofuran
complex followed by removal of the protecting groups.
On the other hand, the steric course of dihydroxylation of
Z-olefm (6) derived from (/?)-serine might be different
from the case of the o,,3-unsaturated lactam (4) due to
the allylic strain. Koskinen reported that cis-
dihydroxylation of Z-olefin (7) with a catalytic amount of
OsO4 gave a diol (8) selectively. The Z-olefin (6a) was
prepared from Ar-?er/-butoxycarbony-O-trityl-(/?)-serine
methyl ester in 65% yield and reduction of 6a with
diisobutylaluminum hydride followed by tert-
butyldimethylsilylation afforded 6b in 75% yield. In
conrast with the result by Koskinen, cw-dihydroxylation
of 6a and 6b with OsO4(0.15 eq.) in the presence of N-
methymorphine /V-oxide in acetone-H2O gave 9a and 9b
predominantly (9a:10a=2.2:l; 9b:10b=4.2;l). Protect-
ion of the diol (9b) with isopropylidene group followed
by removal of TBS group with tetrabutylammonium
fluoride afforded the alcohol (9c) in 79% yield.
Mesylation of 9c followed by cyclization with potassium
rer/-butoxide in tetraydrofuran (THF) furnished the
pyrrolidine (11), which was hydrolyzed with 10%

aqueous HCI-MeOH at 60°C to give the hydrochloride of
(2R, 3R-4R)-3, 4-dihydroxy-2-hydroxymethylpyrrolid-ine
(2) in 71% yield. (2R, 35, 4R, 5/?)-3, 4-dihydroxy-2, 5-
dihydroxymethylpyrrolidine (3) was synthesized from 9a.
After protection of 9a with isopropylidene group and
removal of methyl ester with aqueous NaOH, 9d was
converted into the /V,O-dimethylhydroxyamine amide,
which was reacted with vinyl magnesium bromide in
THF to afford the enone (12) in 45% yield. Reduction of
the enone (12)with NaBH4 in the presence of CeCb in
EtOH gave an allylic alcohol (13) as a single isomer.
Mesylation of 13 followed by cyclization with potassium
tert-butoxide gave 5-vinylpyrrolidine (14a) in 74% yield.
This cyclization may proceed via the allylic cation
derived from mesylate to afford the pyrrolidine 14a,
which could be a thermodynamically stable isomer.
Ozonolysis of 14a followed by reductive wordup with
NaBH4 gave the alcohol, which might be a useful
intermediate for the synthesis of 2, 7a-diepialexine. 14b
was further converted into the hydrochloride of (2R, 35,
4/f, 5/?)-3, 4-dihydroxy-2, 5-dihydroxymethelpyrrolidine

(3) with acidic hydrolysis in 72% yield.
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Fig.7 Synthetic scheme for chiral polyhydroxylated
pyrrolidines.
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8. Formation of the DMPO-OH Adduct from
Ti(IV) and DMPO in Aqueous Solution - the
First ESR Evidence

Yuri Miura, Jun-ichi Ueda, and Toshihiko Ozawa

Keywords: hydroxyl radical, titanic ion, spin trapping,
dioxygen, ESR

Hydroxyl radicals (»OH) generated in biological
systems should play an important role in the initiation of
various diseases through their spontaneous reactions with
biological molecules. For detection of »OH and
secondary radicals formed by the reaction between *OH
and biological molecules, the spin trapping method has
been used. However, there are some problems concerning
this method. One problem is that a spin adduct may be
formed by mechanisms other than the trapping of free
radicals. Makino et al. have reported that DMPO
undergoes rapid nucleophilic attack from water in the
presence of aqueous ferric chloride to yield the DMPO-
OH adduct. Hanna et al. demonstrated that nucleophilic
addition of water occurs at the nitrone carbon of DMPO
in the presence of either Fe 3 + or Cu2 + ions. They
cautioned that this reaction could confuse experimental
results in studies involving the Fenton reaction, which
gives the DMPO-OH adduct. In the present study, we
first demonstrate that the DMPO-OH adduct is also
formed from DMPO in the presence of the Ti4+ ion and
we suggest that the dissolved oxygen participates in the
formation of DMPO-OH in this system. We further report
that the formation mechanism of DMPO-OH may differ
from that with Fe3+ or Cu2+ ion.

When Ti4+ was added to a DMPO solution, the ESR
spectrum due to DMPO-OH was observed as shown in
Fig. 8, suggesting that the DMPO-OH adduct was
produced in the presence of Ti4+ ion as well as Fe3+ and
Cu2+ ions. From the results that O H scavengers such as
methanol and propanol did not suppress the signal
intensity of the DMPO-OH adduct, and that the spectrum
due to DMPO-OCH3 adduct was not observed on the
addition of methanol, neither *OH radicals could be
generated nor could H2O attack DMPO nucleophilically
in this system.

Another possibility was that molecular oxygen may
contribute to the oxidation of DMPO to DMPO-OH. The
oxygen concentration in the aqueous reaction mixture
was decreased by bubbling of N2 gas, resulting in a
tendency for the generation of DMPO-OH to decrease
with the decrease in oxygen concentration. It was
suggested that the formation of DMPO-OH in the
presence of the Ti4 + ion should be dependent on the
oxygen concentration in the aqueous reaction mixture.

In conclusion, the DMPO-OH adduct was formed in
the presence of Ti4 + , and molecular oxygen in the
aqueous solution seemed to play an important role in its
formation.

1 mT

Fig.8 ESR spectrum obtained from aqueous DMPO
solution (300 mM) containing TiCU (2.2 mM).
The spectrum was measured 20 min after the
addition of TiCU solution. ESR conditions were'as
follows: microwave power, 10 mW; modulation
amplitude, 0.05 mT; receiver gain, 1x100; time
constants, 0.1 s; scan time, 2 min.
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9. Secondary Structure of IsK Channel Pepti-
des and Their Interaction with Planar Bilayer
Membranes

Kazunori Anzai, Toshihiko Ozawa, Hiroki Sadanaga*,
Miki Tsutsumi*, Sannamu Lee*, and Gohsuke Sugihara*

(•Fukuoka Univ.)

Keywords: ion channel, synthetic peptides, planar lipid
bilayer

The family of potassium channels is consisted of three
sub-families: 1) the voltage-dependent channel with six
transmembrane o-helices, 2) the channel with two
transmembrane a-helices, and 3) the channel with only
one transmembrane domain. The membrane protein, IsK,
containing 130 amino acid residues, belongs to the third
sub-family, but there is little information on how it
functions as a potassium channel. In order to get
information about its functional structure in the
membrane, we used synthetic peptides with a
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transmembrane sequence or its analog, and measured
their secondary structure by CD and FT-IR. In addition,
interaction of the peptides with the membrane and their
channel-forming ability were studied with planar bilayer
membranes. We have synthesized four IsK channel
peptides with 32 or 40 residues, two of which (IsK-O,
IsK-S) contain the same sequence as the transmembrane
domain of the IsK protein, while the other two peptides
(isK-A, IsK-SA) are analogs of IsK-O and IsK-S in
which three Gly residues at the transmembrane region are
substituted for Ala.

IsK-S: SKLEALYILMVLGFFGFFTLGIMLSYIRSKKL
IsK-SA: SKLEALYILMVLAFFAFFTLAIMLSYIRSKKL
IsK-O:
RDDSKLEALYILMVLGFFGFFTLGIMLSYIRSKKLEHSHD
IsK-A:
RDDSKLEALYILMVLAFFAFFTLAIMLSYIRSKKLEHSHD

All the peptides took an a -helical structure in
trifluoroethanol. In the presence of egg yolk
phosphatidylcholine liposomes, IsK-O took mainly a ft -
structure, while IsK-A was 50% the a -helix structure
and 50% the ft -structure. This finding indicates that Ala
provides an a -helix forming ability whereas Gly tends to
promote ft -structure formation for polypeptides within
the membrane.

IsK-O did not change the membrane current, whereas
IsK-SA induced a fast gating potassium current when a
KCl concentration gradient was made across the planar
bilayer membrane. The current induced by IsK-SA,
however, lasted only 4-5 min. On the other hand, IsK-A
and IsK-SA increased the membrane conductance
gradually with time. This was more evident for IsK-A
than for IsK-SA and the current reached a plateau within
10-20 min. The current was weakly anion selective with
a permeability ratio of PK:PCI = 1:1.4. No potassium
channel current could be observed which was slowly
activated by depolarization. The results suggest that the
IsK protein does not form the potassium channel with
itself; formation of the potassium channel requires other
structural components.

10. Chemoprevention by Dietary Dehydroepiand-
rosterone (DHEA) against Promotion Phase of
Radiation-induced Mammary Tumorigenesis in
Rats

Hiroshi Inano, Hiroko Ishii, Keiko Suzuki, Hiroshi
Yamanouchi, and Makoto Onoda

Keywords: mammary tumor, -/ -rays, dehydroepiandrosterone,

chemoprevention, promotion phase

DHEA is a major secretory steroid of the adrenal
glands and it is biologically significance as a precursor
steroid in the biosynthesis of androgens and estrogens. It
has been reported that a low plasma level of DHEA may
be associated with an increased risk of breast cancer in
women. The present study was designed to evaluate the
anti-carcinogenic activity of DHEA against diethyls-
tilbestrol (DES)-dependent promotion of radiation-
induced mammary tumors.

When pregnant Wistar-MS rats received whole body
irradiation with 2.6 Gy y-rays at day 20 of pregnancy,
and were then implanted with a DES pellet for an
experimental period of I year while being fed a control
diet, a high incidence (96.2%) of mammary tumors was
observed. Administration of dietary 0.6% DHEA
together with DES implantation significantly decreased
the incidence (35.0%) of mammary tumors (Table I).
For clarification of the mechanism of the chemopreven-
tive action by DHEA, we measured hormone levels in the
serum of DHEA-fed rats. In the DHEA diet rats, the
concentration of estradiol exceeded, by approximately 6-
fold, that in the control rats, while the levels of
progesterone and prolatcion were decreased by 30 and
45%, respectively. Interestingly, DHEA feeding
prevented DES-induced hypertrophy of pituitary glands
and the DES-induced high level of prolactin in pituitary
glands which have been detected by immunohisto-
chemical studies, but stimulated the development of
mammary glands more than in control rats treated with
DES alone based on whole mount observations. These
findings suggest to us that DHEA has a potent preventive
activity against the promotion phase of radiation-induced
mammary tumorigenesis. The observed anticarcinogeni-
city of DHEA is specific to some action of the steroid.
DHEA is metabolized mainly to androst-5-ene-3 ft , 17
ft-d\o\ by 1 7 ft -hydroxysteroid dehydrogenase in
mammary glands in rats. Since DHEA itself has an
extremely low relative binding affinity for estrogen
receptor, binding of the metabolite to estrogen receptor is
well known. Androst-5-ene-3|?, 17,3-diol derived from
dietary DHEA competes with DES for high-affinity
intracellular binding sites for estrogen, thus reducing the
promotion activity of DES. Also, DHEA feeding results
in peroxisomal proliferation in the liver. The induction of
peroxisomal enzymes leads to an increase of oxidative
stress by overproduction of H2O2 during activation of ft -
oxidation of fatty acids. H2O2 may inactivate HMG-CoA
reductase which catalyzes a rate limiting reaction for
biosynthesis of farnesy 1-pyrophosphate before its
degradation by catalase in the cells. Subsequently,
inactivation of HMG-CoA reductase may cause
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suppression of isoprenylation of p21 ras, which is a critical
step in the cell-transforming activity of oncogenic ras
proteins. Therefore, inhibition of posttranslational
processing of p21 r a s by DHEA may contribute to its
chemopreventive effects.

In conclusion, these findings indicats a protection
effect of DHEA against the DES-dependent promotion of
radiation-induced mammary tumors in rats by a multi-
function chemopreventive mechanism.

Table 1, Effects of DHEA treatment on DES-dependent promotion of radiation-induced mammary tumors

Control diet

No. of rats used
No. of rats with tumors
Tumorigenesis(%)
No. of tumors
Latency perioda

(months)
Iball's index
No. of tumors per

26
25
96.2
44

8.2±0.6

39.1

2.1+0.4
tumor-bearing rata

0.6% DHEA diet
20
7

35.0
12

9.1±0.5

12.8

2.1 + 1.1

Difference

P<0.01

NSb

NS

aValue represents the mean ± SE. bNot significant.
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11. Detection of a Point Mutation in ErbB2 in
the DNA of Radiation-induced Mammary
Tumors

Keiko Suzuki and Hiroshi Inano

Keywords: erbB2, mammary tumor, PCR-SSCP

c-ErbB2 is an oncogene which encodes a cell surface
membrane protein, and its product is a receptor of a
growth factor. In human mammary cancers and variously
induced mammary tumors of rodents, mutations of the
oncogene erbB2 have often been reported. Neuro/gliob-
lastoma is frequently induced in the offspring of rats
which have been administered ethylnitrosourea on day 15
of their pregnancy. Point mutations, from T to A, were
detected in erbB2 in the DNA of neuro/glioblastomas
derived from individual rats. The mutations resulted in
the substitution of valine with glutamic acid in the
transmembrane domain of the product.

We irradiated rats with y -rays of 2.6 Gy on day 21 of
lactation, and then the rats were implanted with a pellet
of a synthetic estrogen, diethylstilbestrol, for one year.

Mammary tumors were detected in 96.4% of the rats.
DNA samples were prepared from a normal lactating
mammary glands and 14 radiation-induced mammary
carcinomas. The DNA samples were analyzed by the
PCR-SSCP method to detect the point mutation in erbB2
corresponding to the transmembrane domain of the
receptor protein. The primer DNA oligonucleotides were
synthesized to amplify the erbB2 sequence of genomic
DNA corresponding to the transmembrane domain. The
32P-labeled DNA fragments which were amplified by
PCR from the DNAs' of the normal lactating mammary
glands and the mammary tumors were separated by
polyacrylamide gel electrophoresis after denaturation at
80°C for 3 minutes and immediate cooling. The gel was
dried on a filter paper, and the DNA fragments were
detected by autoradiography. The DNA fragments
derived from the mammary tumors had identical
mobilities to the fragments amplified from the DNA of
the normal lactating mammary glands. Thus, no point
mutations were detected in the erbB2 sequence
corresponding to the transmembrane domain in the DNA
of the radiation-induced mammary tumors.
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12. mRNA Secondary Structure and Discon-
tinuous Translation : Photosyn thetic
Reaction Center Protein D1

Mitsuo Zama

Keywords: mRNA secondary structure, discontinuous
translation, pholosxstem II reaction center protein Dl

Discontinuous translation and translational
intermediates have been observed for several proteins.
Our previous reports suggested that translational
discontinuities or pauses obseved for silk fibroin, chicken
type I collagen and colicin A are due to the mRNA
secondary structures of the corresponding genes. In this
study we analysed the relationship between the
translational pauses of chloroplast photosystem II reaction
center protein Dl and the secondary structure of the
mRNA of the protein.

The stability map of the local secondary structure of
the mRNA of psbA gene encoding Dl was obtained by
plotting the free energy of the optimal secondary stucture
of the local segment of the mRNA against the segment
position along a base sequence of the mRNA , consisting
of 1062 nucleotides. The stability of the local secondary
structure fluctuates along the base sequence of the
mRNA and many peaks and troughs of free energy are
seen in the map. The positions of minima of lower free
energies in the map coincide with the positions where
translation pauses of Dl polypeptides are observed. The
result suggests that the synthesis pauses occur at regions
of high stability of the local secondary structure of Dl
mRNA,as has been reported in our previous works for
chicken type I collagen mRNA and colicin A mRNA.

The protein Dl contains five membrane-spanning
helices and binds chlorophyll, carotenoid, quinone, iron,
and probably manganese. The locations of the
translational pausing sites of Dl on a model showing
folding of the Dl polypeptide suggest that the synthesis
pauses of Dl are important in binding cofactors such as
chlorophyll and in inserting the helices into and across
membranes. Thus, the selection pressure on the mRNA
secondary structure and the nucleotide sequence of psbA
gene may be elucidated in the context of the
discontinuous translation of Dl protein.

Publication:
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13. Involvement of Lipid Peroxidation in
Radiaion-induced
Translocation of Protein Kinase C in Cultured
Rat Hepatocytes

Tetsuo Nakajima and Osami Yukawa

Keywords: rat hepatocytes, signal transducion, protein
kinase C, lipid peroxidation, membrane damage

We have already demonstrated that ative oxygens
produced by radiation induce lipid peroxidation and
simultaneous changes in the processes of the Ca2 +

signaling system (IP.i production, IP.i-mediated Ca : +

release etc.) in cultured rat hepatocytes. We have also
shown that radiation activates protein kinase C(PKC),
which participates in cellular signal transduction
pathways. The activation was assumed to be due to
translocation of PKC from cytosol to membranes in the
cells. In this study, further investigation was carried out
on the radiation-induced activation of PKC using a lower
radiation dose than in the previous experiments. We
obtained direct evidence for radiation-induced
translocation of PKC molecules.

The activity of PKC increased in the membrane
fraction and decreased in the cytosolic fraction after y -
irradiation of hepatocytes at 5Gy and 50Gy. The
activation of PKC was found to have a dose dependent
manner. Changes in the intracellular disribution of PKC
after irradiation was determined by the method of binding
assay of PKC with [3H] PdBu(phorbol-1 2,1 3-
dibutyrates). The amount of PdBu bound in the cytosols
decreased while that in the membrane increased after
irradiaion. These results indicate that the radiation-
induced activation of PKC in rat hepatocytes is due to
translocation of the enzyme molecles from cytosol to
membranes.

Furthermore, we examined the effects of radical
scavengers (thiourea, trolox) on the translocation of PKC.
Treatment of the cells with thiourea did not significantly
alter the radiation-induced increase in PKC in the
membrane fraction of the irradiated rat hepatocytes.
However, trolox, a water-soluble analogue of vitamin E,
inhibited the increase of PKC in the membrane fraction.
We have also observed that trolox had a better effect than
thiourea on the inhibition of radiaion-induced lipid
peroxidation in rat hepatocytes.

These results suggest that the radiation-induced
translocation of PKC is mediated by lipid peroxidation of
hepatocyte membranes.
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14. DNA Binding and Compaction Activity of
Human Histone H1

Masahiko Takahagi, Ikuko Furuno, Kouichi Tatsumi

Keywords: DNA binding, DNA compaction activity,
histone HI, junction DNA

In the course of searching for DNA processing factors
in human cells, we have found an activity that
preferentially binds to branched DNAs, whose structures
include four-way and three-way junctions, and loop-out
type DNAs. Through affinity chromatography steps, the
activity was purified to homogeneity as a single band
detected in SDS-polyacrylamide gel electrophoresis.
From biochemical properties and partial amino acid
sequences, we identified it as human histone HI protein.

Several experiments have demonstrated that HI is an
abundant protein which is localized in nucleosome linker
sites on a chromosome. Although it has been proposed
that HI acts to get folding of nucleosome fiber and
repression of general transcription, its true function
remains unclear. Recent studies have also shown that the
protein has no essential levels for chromosome
condensation and nuclear assembly, or even existence for
Tetrahymena cells. These facts seem to imply that HI
plays an unusual role in metabolism to change chromatin
structures as in DNA repair. Alternatively, since there is
the possibility that DNA binding of HI to various DNAs
can compete with that of other factors toward a common
target, its specificity may be regulated by several
mechanisms.

To understand the function of HI, its recognition and
reactivity to defined DNA structures were further
analyzed with gel shift assay. As a result, we found that
H1 acts to compact the spatial occupancy of DNA, whose
structure must contain both multiple junction-like sites
and DNA flexibility or a peculiar configuration, such as a
single-strand circular DNA. The compaction form of the
Hl-DNA complex was also confirmed by electron
microscopic observation. Our findings show that HI
works directly to alter the DNA structure under a
situation in which rigid requirements are satisfied for the
substrate, and they provide clues to elucidating the early
stage of DNA metabolisms.

15. Free Radical Scavenging Ability of Liver
Cytosol in Radiosensitive SCID Mouse

Osami Yukawa, Tetsuo Nakajima, Toshihiko Ozawa,
Yoshie Shimazu and Junichi Ueda

Keywords: SCID mouse, radiosensitivity, radical
scavenging ability, antioxidative enzymes

It is well known that SCID mouse is highly sensitive
to ionizing radiation. On the other hand, it is established
that active oxygens or free radicals produced by radiation
are the main cause for a wide variety of biological effects
on living organisms, and that intracellular radical
scavenging is implicated in the radiation sensitivity. In
the present study, therefore, radical scavenging capacities
and activities of antioxidative enzymes in liver cytosol
were compared between SCID mice and wild type
C.B.I7 mice.

When radical scavenging ability in liver cytosol was
measured in terms of the trapping capacity of 1,1-
diphenyl-2-picrylhydrazyl(DPPH) which is a stable free
radical, the ability was lower by more than 20% in SCID
than that of the wild type, suggesting that the protection
against active oxygens or free radicals is attenuated in
SCID mouse liver. Further studies to clarify the cause of
this low level of radical scavenging ability were carried
out by determining activities of antioxidative enzymes.
GSH-peroxidase, GSSG-reductase and superoxide
dismutase showed lower activities in SCID mouse liver
cytosol as compared with those in the wild type.
Therefore, it was concluded that the low radical
scavenging ability in SCID mouse, at least in part,
resulted from the low activities of antioxidative enzymes.
Possible changes in other intracellular antioxidative
substances are currently being examined.

High sensitivity of SCID mice to ionizing radiation is
presumed to result from their incapability to rejoin
radiation-induced double-strand breaks. However, the
lower ability to scavenge free radicals was also
demonstrable in SCID mouse liver in the present study.
These results collectively suggested that low radical
scavenging ability in tissues was also implicated in the
high sensitivity of SCID mouse, although it is unclear
whether there was some direct relationship between
immune deficiency and low radical scavenging ability.
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16. Mutation Induction by y-rays of Low Dose
Rate in Human Lymphoblastoid Cells

Ikuko Furuno-Fukushi, Masahiko Takahagi
and Kouichi Tatsumi

Keywords: human lymphoblastoid cell, y-rays, low dose
rate, mutation induction, HPRT

Mutation induction for 6-thioguanine resistance by y -
rays at different dose rates was studied in human
lymphoblastiod cells, WIL2-NS. Mutation induction
showed a curvilinear dose response for acute irradiation
(30 Gy/h). The induced mutant frequency decreased after
irradiation at 0.17 Gy/h or 0.006 Gy/h compared to that
for the acute irradiation. An apparent linear relationship
between total dose and the mutant frequency was found
for the chronic irradiation. No significant difference was
found in the mutation frequency as a function of dose
between the cultures irradiated at 0.17 Gy/h and those at
0.006 Gy/h. The inverse dose rate effect, which has been
observed in proliferating mouse L5178Y leukemia cells,
was not observed in WIL2-NS cells at least for the
present dose rates employed. Structural alterations at the
HPRT locus in isolated mutant clones were examined
with the multiplex PCR method and compared with
cultures irradiated at different dose rates. Approximately
15% of the spontaneously-arising mutants was accounted
for by deletion mutations. When the coexistence of
spontaneously-arising mutants in irradiated cultures was
taken into account, the highest proportion of deletion
mutations, 84% was estimated for y-ray-induced
mutants from the cultures irradiated at 0.006 Gy/h (the
total dose of 3 to 4 Gy), while it was 60% for those at 30
Gy/h (the total dose of 1 -2.5 Gy). These results suggest
that low-dose-rate of 7-rays preferentially induces
deletion mutations at the HPRT locus.

17. Effects of Gamma-Irradiation on the Yield of
Mid-Ventral White Spots in Mice in Different
Genetic Backgrounds and at Different Times
during Development

Tomohisa Hirobe

Keywords: mouse, melanocyte, gamma-irradiation,
differentiation, hair follicle, spot

Pregnant females C57BL/lOJHir-p/p mice crossed

with C57BL/l0JHir males were whole-body irradiated
with a single acute dose of 60Co-gamma rays to
investigate the effect of gamma-irradiation on embryonic
melnoblasts. The effect was studied by scoring changes
in the cutaneous coats of Fl offspring 25 days after birth.
White spots were found in the mid-ventrum of the
animals. Melanoblasts and melanocytes were not
observed in the spotted skin area. The frequency of the
spots increased in a dose-dependent manner. White spots
were found in the mid-ventrum of (C57BL/6J*x
C3H/HeJmsHir? ) Fl exposed to gamma-rays. However,
the frequency of the spots in (C57BL/6J*x
C3H/HeJmsHir* ) Fl was much lower than that in
(C57BL/l0JHir-p/p* xC57BL/10JHir* ) Fl, suggesting
the possibility that the frequency of mid-ventral white
spots is genetically controlled. Moreover, the highest
frequency was found in (C57BL/10JHir-p/p* x C57
BL/lOJHir*) Fl irradiated at 8.5 days of getation. This
stage corresponds to the stage of initiation of neural crest
cell migration. These results indicate that gamma-
irradiation affects the differentiaion of melanocytes in the
skin both with genetical control and with greater effects
seen at initiation of the neural-crest cell migration.

Publications:
1) Hirobe, T.: J. CellSci., 107, 1679-1686, 1994.
2) Hirobe, T.: Mutation Res., 322, 213-220, 1994.
3) Hirobe, T.: Histol. Histopathol, 10,223-237, 1995.

18. Expression of the Bonbyx mori (3-Tubulin
Encoding Gene in Testis

Kazuei Mita, Mitsuru Nenoi, Mitsuoki Morimyo,
Hideo Tsuji, Sachiko Ichimura, Masaji Sawai1

and Koei Hamana2

( 'Takara Shuzo Co. Ltd., 2Gunma Univ.)

Keywords: DNA sequencing, cDNA clone, Northern
analysis

It is now clear that several isoforms of ,3 -Tubulin
(Tub) are encoded in the multigenes expressed
developmentally or tissue-specifically in several species.
We have isolated a Tub cDNA from the cDNA libraly of
Bombyx mori (Bm) testes in the late 5th instar and pupa!
stages and determined its nucleotide sequence. This
seems to be the first clone for Bm Tub gene, judging from
a search in the most recent databases. Its amino acid
sequence, deduced from the nucleotide sequence, is
highly homologous to the major vertebrate Tub (80-82%
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homology). Comparison of the amino acid sequence of
Bm Tub with those of Drosophila melanogaster (Dm)
isoforms (the ubiquitous ,? ], the testis-specific /? 2 and a
developmental^ regulated ,? 3) gives 81.2% homology
with y?2, 79.8% with ,? 1 and 77.4% with ,33). Sullivan
and Cleveland classified five isoforms of chicken Tub.
Comparison of the amino acid sequence of the Bm Tub
with those five chicken Tub isoforms shows that the Bm
Tub amino acid sequence is most coserved in the chicken
testis-specific ,? 3. A comparative study of the amino
acid sequence of Tub of vertebrate isoforms, Drosophila
isoforms ond Bin reveals that the C-terminal domain
enreched in acidic amino acids is highly divergent,
whereas the amino acid sequence of structured domains
are highly conserved.

Total RNAs of testes or other tissues of Bm larva or
pupa were extracted by the LiCl/urea procedure.
Isolation of poly(A)+RNA was carried out by selective
binding to oligo(dT)-latex. Northern analyses revealed
that the Bm Tub gene was expressed only in testis (Fig.
9a). Moreover, the transcription of the gene was
developmentally regulated as shown in Fig. 9b. The
nucleotide sequence of the probe for the Tub gene used in
Fig. 9 is the complementary sequence of the 3' -coding
sequence, which corresponds to the C-terminal variable
region. The mRNA was observed at a high level in the
pupal stage, while it was at a low level up to the stage just
before pupation. The morphological study reported that
appearance of spermatozoa begins the day before the
spinning stage of the larvae and the number of
spermatozoa continuously increases until the 9th day
after pupation. These observations suggest that the Bm
Tub gene product would function mainly in the formation
of mature motile spermatozoa. Kemphues et al. studied
the Dm testis-specefic Tub synthesis during spermato-
genesis and reported that synthesis of Dm Tub in the Dm
sperm axoneme was not detected until the time of
puparium formation, while the Tub was mainly
synthesized after pupation. The expression pattern of Dm
testis-specific ,? 2-Tub gene seems to be quite similar to
that of the Bm Tub gene. Low level of mRNA observed in
5th instar larval testes(Fig. 9b) suggests that the protein
product of the gene also functions in the meiotic spindle,
which was proved in Dm. These facts lead us to speculate
that the present ,? -Tub gene may encode the testis-
specific isoform.

Pupa

(b)

Fig. 9. Northern hybridization analysis of RNA from
various tissues (a) and from testes at several stages (b).
Each lane contains 1 ug total RNA. A synthetic 30-mer
oligodeoxynucleotide complementary to the 3'-coding
sequence of the Bm Tub gene, which corresponds to the C
terminal variable region, was used as a probe, (a) FB, fat
body at 5th instar day 5 (5-5); PSG, posterior silk gland
at 5-5; SP, spiracle at early 5th instar; T, testes at early
pupa; E, embryo at middle pupal stage, (b) Larval stages
are 5th instar day 2 (5-2), 5th instar day 7(5-7), 5th instar
day 5 (5-9), early pupa and late pupa.

Publication:
Mita, K., Nenoi, M., Morimyo, M., Tsuji, H., Ichimura,
S., Sawai, S. and Hamana, K.: Gene, 162, 329-330, 1995.

19. The Human Gene Encoging the Largest
Subunit of RNA Polymerase II

Kazuei Mita, Hideo Tsuji, Mitsuoki Morimyo,
Ei-ichi Takahashi* , Mitsuru Nenoi, Sachiko Ichimura,

Masatake Yamauchi, Etsuko Hongo and Akiko Hayashi
(*Otsuka Phamacertical Co.)

Keywords: nucleotide sequincing, Rpll, gene structure

In the course of a complementary study of a Chinese
hamster CHO-KI cell tsTM4 mutant with human HeLa
genomic DNA, we have isolate the gene for human RNA
polymerase II large subnit (Rpll LS) and determined its
genomic organization with nt sequencing. Structural
determination of Rpll LS is essential to know whether the
whole gene is needed or only a special part is required to
compensate for a mutant defect. To complete the gene
structure of human Rpll LS, several genomic clones
overlapping each other were isolated from a HeLa
genomic library and sequenced. Fig. 10 shows the
genomic organization of human Rpll LS gene that
consists of 29 exons cDNA by Wintzerith et al. altough
several silent differences in the nucleotide were found.
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The gene structure of a human for comparison. The CDS
presented high nucleotide conservation of 90% between
human and mouse. The 5' untranslated region (UTR) also
showed high conservation (84%). The 3' UTR showed
62% identity between the two species, being less
conserved than the nucleotide sequences in the other
regions. However, the vicinity of the polyadenylation
signal gave high conservation. On the other hand, large
differences in length and sequence were observed in
introns between human and mouse. A homology search
showed that they came from the insertion of interspersed
repetitive sequences, Alu in human and Bl in mouse. We
could deduce the consensus sequence of splice junctions
in human RpII LS gene, which was identical with that
derived from a GenBank database search. The sequence
of the 5 ' flanking region was highly conserved as
compared with that of the mouse RpD LS and it contains
several SP1-binding sites, a CCAAT sequence and a
sequence homolgous to a heat-shock element. In
addition, several inverted repeats and palindrome
sequences were involved in the 5 ' upstream region. They
suggested that the 5' flanking domain of RpII LS would
be highly structured which may be responsible for
transcriptional regulation.

Fig. 10. Genomic organization of human RpII LS. Black
boxes numbered below are CDS of exons.
Hatched areas are 5' and 3' UTR. Thick bars are
the regions sequenced in this work and the EMBL
database accession munbers are written above.
The nucleotide sequence was determined by an
automated DNA sequencer (Model 373A, ABI)
with a cycle sequencing method using fluorescent
dye-primer. For comparison, the exon map of the
mouse genomic RpII LS gene by Ahearn et al. is
presented at the bottom and the corresponding
exons are indicated by dotted lines.

Publication:
Mita, K., Tsuji, H., Morimyo, M., Takahashi, E., Nenoi,
M., Ichimura, S., Yamauchi, M., Hongo, E. and Hayashi,
A.: Gene, 159,285-286, 1995.

20. Density Dependent Change of Myristoylated
Proteins in C3H10T1/2 Fibroblasts and Their
Transformants

Hisako Sakiyama, Eiko Wada and Shiro Kanegasaki

Keywords: myristoylated proteins, transformants

Various proteins that play important roles in cellular
regulation are known to be myristoylated. These include
myristoylated alanine-rich C kinase substrate
(MARCKS), the alpha subunit of guanine nucleotide-
binding regulatory proteins, the catalytic subunit of
cAMP-dependent protein kinase, a component of
calmodu I in-binding phosphatase, p56 tyrosine kinase
and p60src tyrosine kinase. Although the role of myristic
acid in these acylated molecule is not well understood, it
is assumed that myrisroylation is required both for the
association of the protein with membranes
and for full enzymatic acticity.

We have examined the pattern of protein
myristoylation in C3H10T1/2 fibroblasts during cell
growth. During the growth phase of IOTl/2 cells, several
proteins were radiolabeled with 3H-myristate, and among
them proteins with molecular masses of 22, 35, a doublet
of 42-45 and 67kDa were mainly labeled. The extent of
myristoylation in each of these proteins changed with cell
density. The amount of radioactivity incorporated in to
the 22kDa protein in IOTl/2 cells decreased with
increasing cell density and remained at a low level during
the stationary phase. In contrast, the incorporation into
the 67kDa protein increased parallel to cell density.
Although 67kDa and 22kDa proteins were labeled with
3H-myrtistate, no density dependent change of
myristoylation ws observed in any of the transformants of
IOTl/2 cells thus far examined. The 67kDa protein was
identified as MARCKS by immunoprecipitation with
anti-MARCKS antibody. The amount of MARCKS was
revealed to increase significantly in parallel with cell
density in IOTl/2 cells but not in transformed cells.

Publications
1) Yamaguchi, K., Katao, N., Sakai, N., Matsumoto, M.,
Nagasawa, S., Hatsuse, H., Toyoguchi, T. and Sakiyama,
H.: Biochim. Biophys. Act., 1205, 133-1338, 1994.
2) Sakiyama, H., Inaba, N., Toyoguchi, T., Okada, Y.,
Matsumoto, M., Moriya, S. and Ohtsu, H.: Cell Tissue
Res., 58, 309-313, 1994.
3) Sakai, N., Kusunoki, M., Nishida, M., Toyoguchi, T.,
Fukutomi, H. and Sakiyama H.: Intl. J. Cancer, 57, I-5,
1994.
4) Ichikawa, S., Nakajo, N., Sakiyama, H. and
Hirabayashi, Y.: Proc. Natl. Acad. Sci. USA, 91, 2703-
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21. Studies of Cell Killing and Induction of DNA
Double-Strand Breaks by Active Oxygen
Species in Mouse Mutant Cell Line Deficient
in DNA Double-Strand Break Repair

Masahiro Murakami, Kiyomi Eguchi-Kasai
and Koki Sato

Keywords: DNA double-strand break repair, active
oxygen, mouse mutant cell line

Ionizing radiation can induce cell death, mutation and
cell transformation. These events appear to be related to
hydroxyl radicals produced during the radiolysis of water.
Although other active oxygen species such as hydrogen
peroxide (H2O2) and Superoxide also generate OH
radicals, the actual mechanisms by which these products
exert biological effects differ markedly.

Hydrogen peroxide has been suggested to cause cell-
killing by inducing DNA double-strand breaks. But,
because a cell's ability to cope with active oxygen species

appears to depend on many factors, it is not entirely clear
how this processes is influenced by the cell's DNA repair
capacity. We have used a mouse cell line deficient in
DNA double-strand breaks repair (SL3-147) to clarify the
role that the double-strand break repair has in
ameliorating the adverse biological effects induced by
various active oxygen species.

This mutant cell line (SL3-147) shows different
sensitivities to X-rays, hydrogen peroxide, paraquat and
menadione when compared to the parental cell line
(LTA). The respective Do values of LTA and SL3-147
are 1.5 and 0.4 Gy in the case of acute dose X-irradiation.
SL3-147 is more sensitive to fractionated dose of X-rays
(total dose l-5Gy, lGy/day), hydrogen peroxide (>0.86 a
g/ml) and paraquat (100-500 ug/ml), but is less sensitive
to menadione (1-6//g/ml) in side by side comparisons to
LTA cells. The induction of DNA double-strand breaks
caused by active oxygen species on these cell lines were
analyzed by pulsed-field gel electrophoresis. DNA
double-strand breaks are induced by H2O2 and
menadione in both LTA and SL3-147, whereas those
induced by paraquat are found only in SL3-147. The
greater number of DNA double-strand breaks in SL3-147
appears to account for its greater sensitivity to X-rays and
paraquat. DNA damage other than double-strand breaks
or injury to non-DNA targets, however, is responsible for
the differences between LTA and SL3-147 in their
sensitivities to hydrogen peroxide and menadione.

Publication:
Murakami, M., Eguchi-Kasai, K. and Sato, K.: Mutat.
Res., 336, 215-221, 1995.
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22. Radioprotective Effect of a Heat-killed
Lactobacillus casei Preparation in Mice

Kazuko Tsuneoka, Hiroshi Ishihara and
Izumi Tanaka

Keywords: Lactobacillus casei, colony-stimulating factor,
timing of administration, radioprotection,
metallothionein

We have reported previously that a single
subcutaneous injection of LC 9018, given after
irradiation, increases the survival rate of lethally
irradiated mice. LC 9018 is a preparation of heat-killed
nonpathogenic bacteria, Lactobacillus casei YIT 9018.
LC 9018 also stimulates the recovery of leukocyte
numbers in blood and hematopoietic progenitor cells in
hematopoietic tissue.

In this study, we further investigated the
radioprotective effect of LC 9018. To determine the
most effective timing of administration of LC 9018, we
injected LC 9018 at various times into mice before or
after 8.5 Gy whole-body y -irradiation. The
radioprotective effect was observed when LC 9018 was
injected within the period between 2 days before and 9 h
after irradiation (Fig. 11 ). Among these injections, the
most effective timing of administration was an injection
24 h before irradiation. Both weight of the spleens and
the number of the endogenous spleen colonies on days 8
and 12 after irradiation were increased by LC 9018
treatment 24 h before irradiation.

Next, we examined the expression of the CSF gene in
irradiated mice that had received LC 9018 or a saline
injection immediately after irradiation. Northern blot
analysis revealed that mRNA of macrophage/monocyte
colony-stimulating factor (M-CSF) increased in the livers
of the irradiated mice which had received LC 9018 after
irradiation. Moreover, injection of LC 9018 in irradiated
mice resulted in long term elevation of serum CSF
activity which was inhibited by anti-M-CSF antiserum.
This effect appeared to aid the enhancement of the
recovery of the hematopoietic tissues in the irradiated
mice. The continuous elevation of serum CSF activity
begun within 1 or 2 days after irradiation seemed to be
necessary for saving the lives of the irradiated mice,
because LC 9018 failed to save the lives of the irradiated
mice when administered 3 days after irradiation, although
it was sufficiently effective in increasing serum CSF (Fig
11).

r

-3 -2 -1 +1 +2 +3

Days
Fig.11 Effects of timing of LC 9018 administration on
survival rate of lethally irradiated mice.

Because the pre-irradiation treatment with LC 9018
was more effective than the post-irradiation treatment, we
speculated that the pre-irradiation treatment may have
increased amounts of the radical scavenger,
metallothionein, in the hematopoietic tissues. But, the
advantage of the pre-irradiation over the post-irradiation
treatment was not explained by the increases of
metallothionein in the hematopoietic tissues of the LC
9018 treated mice.

Publication:
Tsuneoka, K., Ishihara, H., Dimchev., A. B., Nomoto, K.,
Yokokura, Y. and Shikita, M.: J. Radiat. Res., 34, 147-
156, 1994.

23. Isolation of Lymphoma-Specific cDNA from
Radiation-Induced T Cell Lymphomas by
cDNA Subtraction Method

Masahiro Muto, Ying Chen1, Eiko Kubo,
Toshimiti Ikemura2 and Kazuei Mita

('China Institute for Radiation Protection;
2National Institute of Genetics)
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After leukemogenic irradiation, pre-neoplastic cells
developed, albeit infrequently, from TL-2+ thymocytes in
BIO mice. To investigate the early initiating event(s) in
T cell lymphomagenesis, limited numbers of TL-2+ cells
from individually irradiated BIO.Thy 1.1 mice were
injected into BIO.Thy 1.2 mice intrathymically, and the
common genetic changes among the donor-type T cell
lymphomas were investigated. The results indicated that
there were common chromosome aberrations or
translocations among some donor-type lymphomas from
individually irradiated mice. These aberration /
translocations might be important candidates for initiating
events.

In this report, to further investigate genetic alterations
in these lymphomas, we have established an improved
cDNA subtraction method using biotin-conjugated
primers. In brief, we extracted poly A mRNA from the
normal thymuses of BIO.Thy 1.1 mice and G group
lymphomas, which had the common chromosome
translocation t ( lA; 13B), and then synthesized
complementary DNA (cDNA) from these poly A
mRNAs. After digestion of the cDNAs with Sau 3AI
ristriction endonuclease, biotinylated linkers were ligated
to the cDNA from normal thymocytes and other linkers
(not biotinylated) were ligated to the cDNA from G
lymphomas, and then, these cDNAs were amplified by
PCR (polymerase chain reaction). The amplified cDNA
from normal thymocytes (6|ig) and 15 ng of the cDNA
from G lymphomas were mixed, ethanol-precipitated,
dissolved in 8 ^1 of 3 x EE (30 mM EPPS, pH 8.0, 3 mM
EDTA) buffer, overlaid with 30 Ji.1 of mineral oil, and
denatured by heat. Then 2 (il of 5 M NaCI solution were
added and cDNA was hybridized for 44 hours at 67°C.
At the end of hybridization, pre-absorbed Dynabeads M-
280 streptavidin (DYNAL, Norway) was added and the
mixture incubated at room temperature using gentle
rotation for 30 min. The Dynabeads M-280 streptavidin,
which bound to the biotinylated normal cDNA hybridized
with G lymphoma cDNA, was separated from the
reaction mixture using a Magnetic Particle Concentrator
(MPC). Two cycles of this process were carried out and
the final unhybridized G lymphoma cDNA was ligated to
M13mpl8 vector. The bacteriophages M13mpl8
carrying the inserted cDNAs were identified by their
ability to form colorless plaques when plated in media
containing IPTG and X-gal. To select the G lymphoma-
specific cDNA clones, screening by dot blot
hybridization was carried out from 360 cDNA clones and
27 G lymphoma-specific cDNA clones were obtained.
DNA sequences of these cDNA clones revealed that
some of the clones had homology of line 1, IL-11,
pituitary glycoprotein a-subunit gene, etc. while others
were shown to be unknown DNA sequences.

24. Cell-Free Transmission of Fv-4 Resistance
Gene Product Controlling Friend Leukemia
Virus-Induced Leukemogenesis: A Unique
Mechanism for Interference with Viral
Infection

Shiro Aizawa, Masanobu Kitagawa*, Hitoko Kamisaku
and Toshihiko Sado

(Tokyo Medical and Dental University. Tokyo)

Keywords: Fv-4r, interference, Friend leukemia virus,
bone marrow transplantation

Fv-4 is a mouse gene that dominantly confers
resistance to infection by ecotropic murine leukemia
virus (MuLV). We previously demonstrated that mixed
radiation bone marrow chimeras containing Fv-4 r-
bearing BALB/c-Fv-4Wr (C4W) bone marrow and Fv-
4s-bearing C3H/He (C3H) bone marrow grafted into C3H
recipient mice (C4W + C3H -» C3H) were resistant to
Friend leukemia virus (FLV)-induced leukemogenesis,
even when they contained as high as 70% C3H-derived
cells. This indicates that FLV-sensitive C3H-derived
cells are rendered refractory to infection and/or
transformation with FLV when they coexist in mice with
Fv-4r-bearing cells. To investigate the mechanism of Fv-
4 resistance to FLV-induced leukemogenesis, we first
examined the expression of Fv-4r env antigen in the
peripheral blood mononuclear cells (PBMC) of these
chimeras. The Fv-4r env antigen was present not only on
C4W-derived cells, but also on Fv-4s-bearing C3H-
derived cells in C4W + C3H —* C3H mixed bone marrow
chimeras. The Fv-4r env antigen that binds to the cell
surface of C3H cells was found in sera from normal C4W
mice, C4W — C3H chimeras, and C4W + C3H — C3H
mixed chimeras. The serum Fv-4r env antigen binds to
ecotropic MuLV receptors, shown by specific binding to
transfectant mink cells expressing ecotropic MuLV
receptor, but not to parental mink cells. To determine
whether the binding of Fv-4r env antigen to the putative
MuLV receptors would block FLV infection, C3H
thymocytes or spleen cells that had been preincubated
with C4W serum were mixed with FLV and the
subsequent expression of MuLV specific antigens was
examined. C3H thymocytes or spleen cells treated with
C4W serum became refractory to binding by FLV.
These results provide evidence that the Fv-4r env antigen
is released from C4W-derived cells in vivo and binds to
cells expressing surface receptors for ecotropic MuLV,
thereby protecting them from infection with FLV.

Publications:
I) Kitagawa, M., Kamisaku, H., Aizawa, S. and Sado, T.:



Immunology and Hematology 33

Leukemia, 8, 2200-2206, 1994.
2) Aizawa, S., Sado, T., Kamisaku, H., Nemoto, K. and

Yoshida, K.: Bone Marrow Transplantation, 13, 109-
114, 1994.

3) Kitagawa, M., Aizawa, S., Kamisaku, H., Ikeda, H.,
Hirokawa, K. and Sado, T.: Blood, 86 , 1557-
1563,1995.

4) Aizawa, S., Kamisaku, H. and Sado, T.: Bone Marrow
Transplantation, 16, 603-609, 1995.

25. The Mechanism for Inhibition of Radiation
Induced Myeloid Leukemia by Caloric
Restriction

Kazuko Yoshida, Kumie Nemoto and Tohru Inoue

The spontaneous incidence of myeloid leukemia (ML)
is about 1% in C3H/He mice, but the incidence increases
to about 24% when 3Gy whole body x- irradiation is
given. However, the incidence of ML was found to be
significantly decreased by caloric restriction (CR), i.e.,
7.9% and 10.7% when CR was started before irradiation
(6 weeks old) and after irradiation (10 weeks old),
respectively. To explain the mechanism of decreased
incidence of ML by CR, we analyzed the number of
hematopoietic stem cells at the time of radiation; these
are the target cells of ML.

Calorie-intake was adjusted by controlling the amount
of carbohydrate and dextrose. Diets consisted of two
different calorie-controlled regimens, i.e., 65 and 95
kcal/week/mouse, but with an equal amount of other
nutrients, such as proteins, lipid, vitamins and minerals.
The C3H/He male mice in both control (95 Kcal diet) and
restricted (65 Kcal diet) groups started the respective
diets at the age of 6 weeks. Then, we examined whether
or not the number of target cells differed between control
and restricted groups at the time of radiatipn (at the age
of 10 weeks).

GM-CFU are granulocytic and monocytic lineage
committed stem cells, and 12d CFU-s are pluripotent
stem cells. In the femur, the number of GM-CFU in 105

cells did not reflect any difference between the two
groups, however, the total number of GM-CFU in the
restricted group was significantly lower than in the
control group. In the spleen, the number of GM-CFU in
106 cells and the total number of GM-CFU in the
restricted group decreased to less than 10% of the
numbers in the control group. The number of 12d CFU-s
in the femur did not differ betweeji the two groups, but
the number of 12d CFU-s per aliquot of spleen cell

number in the restricted group was significantly fewer
than in the control group. Additionally the total number
of CFU-s in spleen decreased to less than 10% of the
number in the control group. These results, clearly
demonstrated that the number of hematopoietic stem cells
at the time of radiation was significantly lower in the
restricted group than in the control diet group. Therefore,
the decreased number of target cells may be one of the
reasons for the inhibition of radiation-induced myeloid
leukemia by caloric restriction. However, the incidence
of myeloid leukemia also decreased when the calorie
restriction was started after irradiation. In this case, the
number of target cells was the same as in the control
group, therefore, the findings were not due to only the
number of target cells. The cell cycle kinetics of
hematopoietic stem cells may also participate in the
inhibition of radiation-indued myeloid leukemia. This
point is now being investigated.

26. Effects of carbon beams on Survival and
Hematopoietic System in Mice

Eiichi Kojima, Kaoru Tanaka, Atsushi Tsuboi
and Tatsuski Kanai

Keywords: carbon beam, RBE, hematopoietic system,
survival, mouse

It is neccessary to obtain quantitative data on nomal
tissues' response to heavy-ion radiation for
radiotherapeutic use. We have previously reported the
RBE values of heavy charged-particles of carbon 12
generated by the Riken ring-cyclotron as the bases of
radiation effects on some hematopoietic tissues, i. e.
CFU-S and GM-CFC in bone marrow or spleen. In the
present study, the effects of carbon beams on Meg-CFC
in bone marrow or spleen, blood cells in circulating
blood, and survival of mice were examined and compared
to groups irradiated with X-rays. Male ddY-SLC mice,
8-10 weeks old, were used throughout the experiments.
Whole bodies of anesthetized mice were exposed to 135
MeV/u carbon beams at 3Gy/min or 200kVp X-rays at
0.7 Gy/min with graded doses. At about 5 hours after
exposure, Meg-CFC was assayed to determine dose
relationships and then Do doses. The bone marrow or
spleen cells were seeded in 0.4 ml of a plasma culture
including 10% lymphocyte conditioned medium. After a
5-day incubation, the acetylcholinesterase positive
colonies were scored as Meg-CFC. Inactivation of blood
cells and lethality of mice (LD5O/3O) were also



34 Natl. Inst. Radiol. Sci. Ann. Rcpt. (NIRS-34, 1994)

monitored for 20 days and 30 days after irradiation,
respectively. Whole blood drawn from irradiated mice
was collected in tubes containing the anticoagulant
EDTA-2K. Leukocytes, erythrocytes and thrombocytes
in the circulating blood were determined by using a
Sysmex K-1000. The LD50/30 values were evaluated by
checking the numbers of surviving mice daily during a
30-day post-irradiation period.

The dose survival curves of Meg-CFC in bone marrow
and spleen showed no shoulder, and had a single slope
for both carbon beams and X-rays. The slope of the
survival curve of femoral Meg-CFC with carbon beams
was a little steeper than that with X-rays. On the other
hand, splenic Meg-CFC in X-irradiated mice showed a
much shallower slope compared to that of the carbon
beams, indicating extreme radioresistance to X-rays. The
RBE values of 135 MeV/u carbon beams in terms of Do
values for survival of Meg-CFC compared to X-rays were
1.25 and 3.73 for bone marrow and spleen, respectively.
The kinetics of post-irradiation with a dose of 2 Gy for
leukocytes, erythrocytes and thrombocytes in the
circulating blood showed similar patterns for mice
irradiated with carbon beams and X-rays. The dose
relationships of leukocytes and erythrocytes were also
almost the same for both mice irradiated with carbon
beams and X-rays. However, there was a depressed
effect for thrombocytes of mice irradiated with the carbon
beams compared to those with X-rays only in the high
dose range (4 Gy). The doses corresponding to LD5O/3O
were estimated as 6.05 Gy and 8.00 Gy for the group
irradiated with carbon beams and the group with X-rays,
respectively. The RBE of the carbon beams was 1.32 for
LD 50/30.

cells. We have shown that pretreatment of mice with
etoposide one day before whole-body irradiation (WBI)
had a protective effect against radiation-induced bone
marrow death. The number of endogeneous colony-
forming units (CFU-S) surviving in WBI mice was
significantly increased by pretreatment with etoposide.
In the present study, we clarify the mechanism
underlying the protective activity of etoposide against
radiation-induced bone marrow damage. The spleen
colony-forming cells (CFU-S) of femoral marrow were
assayed by the method of Till and McCulloch. The
proliferative state of CFU-S was assessed using the
technique of Hodgson. The reduction in exogeneous
CFU-S after hydroxyurea injection was used to determine
the fraction of S-phase in CFU-S. We found etoposide
pretreatment did not modify the cell survival parameters
of exogeneous CFU-S when bone marrow cells were
assayed immediately after WBI. Recovery of spleep
CFU-S in femoral marrow started earlier in mice
receiving etoposide pretreatment than in the radiation
alone group. We determined that hydeoxyurea
administration accelerated recovery of CFU-S was due to
an increased population of S phase cells, suggesting
etoposide pretreatment shortened generation time of
CFU-S. In summary, the mechanism for the
radioprotection appears to be accelerated proliferation of
surviving bone marrow cells rather than a change in
cellular sensitivity to radiation.

Pubulication:
Yamada, S., Ando, K., Koike, S. and Isono, K.: Int. J.
Radiation Oncology Biol. Phys., 29, 621-625, 1994.

Publication:
1) Tsuboi, A., Kojima, E., Tanaka, K. and Kanai, T.:

Nippon Act. Radiol., 55, 247-252, 1995. 28. IL-1 Interferes with Peripheral Tolerance by
SEB in vivo

27. Accelerated Bone Marrow Recovery from
Radiation Damage in Etoposide-Pretreated
Mice

Koichi Ando, Sachiko Koike and Shigeru Yamada*
(*Chiba Cancer Center)

Keywords: Radioprotection, etoposide, whole-body
irradiation

Purpose: Etoposide inhibits the activity of Topoisome-
rase II, and possesses radiosensitizing effects on cultured

Gen Suzuki, Yukiko Nakata, Akiko Uzawa, and
Masayuki Nomura

Peripheral tolerance is important to prevent
autoimmunity of T cells against tissue-specific
autoantigens in peripheral organs. In certain pathological
situations, peripheral tolerance breaks down for unknown
reasons and autoimmune diseases occur. Anergy is one of
the mechanisms of peripheral tolerance, which down-
modulates IL-2 synthesis and IL-4 responsiveness by
helper T cell clones. In this report, we utilized a model
system, where V/?8+CD4 T cells were anergized by
administration of a high dose of Staphylococcus
enterotoxin B (SEB) in vivo, and investigated the effect
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of recombinant human (rh) IL-1 on the tolerance
induction. RhIL-1 was used because of its ability to
induce IL-4 responsiveness in T cells. When rhIL-1 was
administered within 24 h after SEB inoculation, the
cytokine interfered with tolerance induction; V;?8+CD4 T
cells from mice that had been treated with both SEB and
IL-1 proliferated in response to SEB and produced IL-2,
IL-4 and IFN- y upon TCR/CD28 crosslinking. Delayed
administration of rhIL-1 by 48 h failed to do so; T cells
did not proliferate in response to SEB, but retained an
ability to produce IL-4 upon TCR/CD28 crosslinking.
Administration of rhIL-1 induced better proliferation of

V/?8+CD4 T cells in response to SEB in vivo, but did not
prevent cell death after proliferation. These results
suggest a possible role of inflammatory cytokine IL-1 for
the induction of autoimmunity via interference with
peripheral T cell tolerance.

Publications:
1) Suzuki, G., Nomura, M., Uzawa, A., Akashi, M. and

Nakata, Y.: Int. Immunol., 7, 37-43, 1995.
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29. Effects of Low-Dose Prenatal Irradiation on
the Central Nervous System (I) Cell
Migration in Mouse Cerebral Cortex After
Irradiation

Yasuko Hyodo-Taguchi, Shinji Fushiki*,
Chikako Kinoshita*, Yuji Ishikawa and Tomohisa Hirobe

(* Kyoto Prefectural University of Medicine, Kyoto 602 )

Key words: mouse brain, neuronal migration, prenatal
irradiation

Effects of prenatal irradiation on the developing brain
have been studied for the past several decades. A
particular interest has come to be focused on the effects
of prenatal irradiation on neuronal migration in the
neocortex, because they may be relevant to the
pathogenesis of mental retardation seen among A-bomb
survivors exposed in utero. In the present experiment,
therefore, we investigated effects of ionizing radiation on
the migration of neocortical neurons that were produced
on embryonic day 14 (E14) mice. We chose this day as
the time point of X-irradiation because E14 is at the
midpoint of neuronogenesis in murine cerebral neocortex.

Pregnant mice (C57BL x C3H) were injected with
bromodeoxyuridine (BrdU), 0.5 mg dissolved in 0.5 ml
saline /mouse, on the 14th day of gestation for labeling S-
phase cells. The mice were then exposed to 0, 0.1, 0.25,
0.5 and 1 Gy of X-rays. Brains from embryonic day
17(E17) and offsprings at 2 (P2wks.), 3 (P3wks.) and 8
(P8wks) weeks after birth were either immersed or
transcardially fixed with 4% paraformaldehyde in 0.1 M
phosphate buffer (pH 7.4). Four mm paraffin sections of
the parietal cortex were processed for the BrdU-
immunohistochemistry, using monoclonal anti-BrdU
antibody (Becton Dickinson) followed by the peroxidase
reaction visualized with 3,3-diaminobenzidine.
Immunostained sections were carefully observed under a
light microscope and the locations of BrdU-labeled cells
were plotted onto tracing paper using a camera lucida
apparatus.

BrdU-labeled cells were densely accumulated in the
deeper portion of the ventricular zone of E14 mice
neocortex. At El 7 more than 70% of all the BrdU-labeled
cells were seen in the cortical plate of non-irradiated
animals as well as of the embryos exposed to 0.1 Gy. By
contrast, in the embryos exposed to 0.25, 0.5 and 1 Gy,
the numbers of BrdU-labeled cells in the cortical plate at
El7 decreased with increasing doses of X-rays, although
the numbers of labeled cells seen in the intermediate as
well as in the ventricular zone was increased. In animals
at P2wks, P3wks and P8wks, the distributions of BrdU
labeled cells was more confined to the layers IV and II/III

in the controls when compared to prenatally X-irradiated
animals. Percentage values of BrdU labeled cells in
layer IV of all the prenatally irradiated groups were
smaller than those in non-irradiated controls, whereas
those in both layers II/III and V of all the irradiated
animals were higher compared to controls. Especially
prominent were the effects seen in 1 Gy irradiated
animals in which 20% of BrdU-labeled cells were
distributed in the layer V (Fig. 12).

100

V IV Ill-ll I
Position of cerebral wall

Fig. 12 The distribution of BrdU labeled cells in each
layer of the the cerebral neocortex. These animals
were X-irradiated on embryonic-14-day and were
sacrificed at 2 weeks postnatal.

Our observations indicate that (I) the initial migration
of BrdU-labeled cells from the ventricular zone towards
the neocortical plate was delayed in embryonic animals
exposed to X-rays of 0.25, 0.5 and I Gy on E14, and (2)
profound effects from prenatal X-irradiation on neuronal
allocation in the cerebral cortex were discerned in mature
animals.

30. Innervation of Latelral Line System in the
Medaka, Oryzias latipes

Yuji Ishikawa

Keywords: brain, peripheral nervous system, cranial
nerve, lateral line, fish

The developing nervous system has been shown to be
especially sensitive to ionizing radiation. In
understanding its damaging effect, normal development
of the system must be understood. To learn about the
developmental process of the lateral line system.which is
a sensory system to detect ion concentrations in aquatic
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vertebrates, we examined innervaton of this system. The
peripheral nerves which innervate the lateral line organs
(neuromasts) were revealed by an immunohistochemical
staining method using anti-neurofilament protein (70k
+ 160k +2l0k) antibodies in the medaka (Oryzias latipes).
Almost all neuromasts including groove organs in the
head region were innervated by the hyomandibular,
supraorbital and infraorbital nerve trunks, in which the
anterior lateral line nerve (ALLN) was included. A few
groove organs received the dorsal and lateral rami of the
ALLN. The trunk and tail neuromasts were supplied by

the lateral, dorsal and dorsolateral rami of the posterior
lateral line nerve (PLLN). The occipital neuromasts were
innervated by both the occipital ramus of the PLLN and
the dorsal ramus of the ALLN.

Publications:
1) Ishikawa, Y. The Fish Biology J. Medaka, 6, 17-

24,1994.
2) Ishikawa, Y. and Hyodo-Taguchi, Y.: Neurosci. Res.,

19,379-386, 1994.

31. Influence of a Reduced Dose Rate on
Tumorigenesis in C3H/He Male Mice

Hiroshi Otsu, Takeshi Furuse, Yuko Noda,
Akihiro Shiragai and Norikazu Yasuda

Tumorigenesis was investigated by gamma-ray
continuous, whole-body irradiation at low dose rate in
C3H male mice, in which Seki et al. (Radiat. Res. 1991)
confirmed induction of myeloid leukemia by X-ray whole
body irradiation had a dose-dependency. Irradiated mice
consisted of 13 groups of which 7 were given respective
doses of 0.25, 0.5, 1, 2, 3, 4 and 5 Gy at a high dose rate
of 0.882 Gy/min of the remaining 6 groups, 3 were given
respective doses of 1,2 and 4 Gy at a low dose rate of
0.30 mGy/min (Li group) for 22 hours daily and 3 were
given respective doses of 1, 2 and 4 Gy at the lowest dose
rate of 0.016 mGy/min (L2 group) for 22 hours daily.
Each of the 13 irradiated groups had 250 mice. The
control had 500 unirradiated mice. Occurrences of
myeloid leukemia and lung tumors were statistically
significant among the various types of neoplasms in this
experiment. Myeloid leukemia was found at a maximum
incidence of 30% in the high dose rate group receiving 3
Gy, at the incidence of 5% in the two low dose rate
groups receiving 4 Gy. Lung tumors had a maximum
incidence of 26% in the high dose rate group receiving 3
Gy, 27% in Li group receiving 4 Gy and 25% in L2 group
receiving 4 Gy. The results suggested that the reduced
dose rate had different influence on tumorigenesis for
different types of neoplasms.

32. Influence of Age at Irradiation on Temporal
Variation of the Cumulative Relative Risk for
Age-Specific Mortality

Shunsaku Sasaki

Keywords: age-specific mortality, cumulative relative
risk, age at irradiation, B6C3Fi mice, gamma rays

Recent epidemiological investigations have suggested
that temporal variation of relative risk for development of
solid tumors depends on age at irradiation. But the
relationship is still obscure because follow-up period has
not been long enough to elucidate the temporal variation
of relative risk.This experiment was carried out in order
to examine the temporal variation of the cumulative
relative risk for age-specific mortality from all causes
except lymphoma and leukemia. B6C3Fi female mice
were irradiated at day 17 of the prenatal period or day 0,
7, 35, 105, 240 or 365 of the postnatal period with 3.8 Gy
gamma-rays from I37Cs. All the mice were allowed to
live out their entire life spans under a specific pathogen-
free condition. Upon death autopsy and histological
examination we're carried out. The cumulative relative
risk was calculated with standard methods basing on age-
specific mortalities.

Cumulative relative risks for age-specific mortality
from all causes except lymphoma and leukemia after
irradiation at various ages are plotted against the attained
age in Fig. 13. Final values of the cumulative relative
risks imply life-time risks for radiation-induced increase
in the age-specific mortality. These results show that
mice of the early postnatal and juvenile period are highly
susceptible to radiation-induced increase in age-specific
mortality and that mice of the middle-age adult period
have lower susceptibility. The cumulative relative risks
did not remain constant but decreased with age after
irradiation at every ages examined. Degree of decrease
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with age in the cumulative relative risk depended on age
at irradiation. Degree of decrease with age was large
when mice were irradiated at the fetal, neonatal, juvenile
or young adult period; whereas, it was smaller after
irradiation at the middle-age adult period.

100
Dose: 3.8 Gy

50

tr
g 20

.1 10
35

I 5
10

400 600 800 1000
Age, days

1200

Fig. 13 Temporal variation of the cumulative relative risks
for age-specific mortality from all causes except
lymphoma and leukemia after irradiation at day 17
of the prenatal period (-2), or day 0, 7, 35, 105,
240 or 365 of the postnatal period of B6C3Fi
female mice with 3.8 Gy gamma-rays from 137Cs.

33. Thymic Lymphomas Induced by N-Propyl-N-
nitrosourea in the Rat

Toshiaki Ogiu, Mayumi Nishimura, Hiroko Fukami'
and Mutsushi Matsuyama2

('Aichi Cancer Center Research Institute; 2Nagoya Univ.)

Keywords: chemical carcinogenesis, thymic lymphoma,
N-propyl-N-nitrosourea, genetic regulation, BUF/Mna
rats, thymic lymphoma susceptible-3 ( Tls-3 ) gene

To clarify the linkage between Hbb and Tls-1 (thymic
lymphoma susceptible-1) loci and to investigate other
loci concerning thymic lymphomagenesis, the BUF/Mna
rat, which is highly sensitive to the lymphomagenic
activity of PNU, the WKY/NCrj rat, reported to be
resistant to it, and their cross offspring were used for the
present genetic analysis. Fl hybrid and backcross

generations were raised from the 2 strains, and 6 genetic
markers including Hbb were analyzed in individuals of
the backcross generation. However, no linkage between
Hbb and Tls-1 loci could be demonstrated since WKY
rats also developed a high incidence of thymic
lymphomas in response to PNU. Nevertheless, thymic
lymphomas developed more rapidly and reached a larger
size in the BUF rat case. Fl rats expressed a rather rapid
and large tumor growth phenotype, while the [(WKYX
BUF)X WKY] backcross generation consisted of rats
with either rapid growing or slow growing tumors. It was
thus concluded that rapid development of thymic
lymphomas is determined by a gene, provisionally
designated Tls-3. Analysis of the relationship between 6
genetic markers and development of thymic lymphoma in
the backcross generation demonstrated that the Tls-3
locus is loosely linked to the Gc locus, suggest-ing a
possible location on rat chromosome 14. 775-5 may not
be identical with Tls-1 and other genes concered with
thymic tumors, and its relationship with Tls-2 remains
obscure.

Publication:
Ogiu, T., Fukami, H., Nishimura, M., Matsuyama, M.:
Jpn. J. Cancer Res., 86, 638 - 644, 1995.

34. Age and Radiation Sensitivity of Rat
Mammary Clonogenic Cells

Yoshiya Shimada, Jane Yasukawa-Barnes*,
Richard Y. Kim*, Michael N. Gould*,

and Kelly H. Clifton* (*Univ. of Wisconsin)

Keywords: mammary clonogen, F344 rats, age, radiation
sensitivity

The relative risk of breast cancer is very high among
women who were exposed to ionizing radiation during or
before puberty. In the current studies, the surviving
fractions of clonogenic mammary cells in groups of
virgin rats were estimated after single exposures to l37Cs
7 rays at intervals from 1 to 12 weeks after their birth.

The radiosensitivity of clonogens from prepubertal rats
was high and changed with the onset of puberty at
between 4 and 6 weeks of age. By this time, the increase
in the size of the clonogenic cell subpopulation was
slowing and differentiation of terminal mammary end
buds and alveolar structures was occurring. Analysis of
the relationship of clonogen survival and radiation dose
according to the o/;? model showed that the exponential



42 Natl. Inst. Radiol. Sci. Ann. Rept. (NIRS-34, 1994)

aD term predominated at the second and fourth weeks
of age. By the eighth week of age, the ;3D2 term had
come to predominate and the survival curve had a
pronounced initial convex shoulder. Further experiments
are required to determine whether there is an association
between the high sensitivity of the prepubertal and
pubertal mammary clonogens to radiation killing and a
high susceptibility to radiogenic initiation of cancer.

Publication:
Shimada, Y., Yasukawa-Barnes, J., Kim, R.Y., Gould,
M.N. and Clifton, K.H.: Radiat. Res., 137, H8-123,
1994.

35. Distribution of Carbon-14 and Associated
Radiation Does in Rat Fetal Brain and Liver
after Maternal Injection of [14C]Thymidine

Sentaro Takahashi, Yoshihisa Kubota,
Chihiro Koshimoto, Hiroshi Sato, and Shizuo Hatashita*

(*Jyuntenndo Univ.)

Keywords: 14C, rat fetus, brain, liver, distribution,
radiation dose

Recently, a highly sensitive imaging plate system has
been developed for digital autoradiographic detection of
two-dimensional radioactive distributions (for example.
Bio Imaging Analyzer, Fuji Photo Film Co. Ltd., Tokyo,
Japan). This system allows sensitive and quantitative
detection of radionuclides in histological sections of tiny
tissues such as the fetal brain of rodents. In the present
study, the regional concentrations of I4C in fetal rat
brains after intravenous injection of [ 14C ] thymidine into

the mother were determined by using this image
analyzing system. The regional radiation dose from l4C
was compared with the average dose for the whole fetal
brain as determined by conventional radiochemical
measurements.

Pregnant Sprague-Dawley rats were injected
intravenously with [l4C ] thymidine on day 13.5 of
gestation, and the concentrations and radiation doses of
14C in the fetal brain and liver were determined by liquid
scintillation counting and autoradiography with imaging
plates. The concentrations of 14C in the whole fetal
brains determined by liquid scintillation counting were
1.01% of the injected dose per gram wet weight at 6 h
after injection and decreased to 0.39% g"' at 48 h after
injection. A significant accumulation of I4C was observed
in the fetal liver: 3.8 and 0.51% of the injected dose per
gram wet weight at 6 and 48 h after injection,
respectively. Autoradiography showed that, especially at
earlier periods after injection, there were remarkable
concentrations of 14C in the ventricular zone of the brain
and the central region of the liver. With increasing time
after injection, the distribution of 14C became relatively
uniform. The concentrations of I4C in the ventricular
zone of the fetal brain, determined by autoradiography,
were much higher than those in the whole brain as
determined by liquid scintillation counting. Cumulative
radiation doses for 6-48 h after injection were 1.27 mGy
for the whole fetus and 1.45 mGy for the whole brain. In
contrast, the cumulative radiation dose for the ventricular
zone of the brain which was determined by
autoradiography was approximately 2.2 times that for the
whole brain.

Publication:
Takahashi, S., Kubota, Y., Koshimoto, C, Sato, H. and
Hatashita, S.: Radiat. Res., 140, 10-16, 1994.
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36. Cloning of Stress-inducible Genes of S.
pombe.

Mitsuoki Morimyo, Etsuko Hongo,
Tomoyasu Higashi, Kazuei Mita,

Kimihiko Sugaya, Hiroko Hama-Inaba
and Woo-Yoon Park

Key words; reporter gene, fusion gene library, stress-
inducible genes, DNA sequencing

Schizosaccahromyces pombe is one of the simplest
eukaryotes. In spite of this, it can be used as a model
organism for humans, because its genes are similar to
human genes which can be normally expressed in yeast
and the functions of its genes are easily known by
disrupting them with homologous recombination. To
elucidate the repair mechanisms of S. pombe which
exhibits extreme resistance to radiation, stress-inducible
genes were cloned. First, the cloning vector, pYMM5,
was constructed by ligation of the pBR322 vector with

the ars gene of S. pombe, URA3, and the reporter gene
lacZ carrying a multi-cloning site on its upstream site.
Secondly, the fusion 5. pombe DNA library was made by
ligation of BamHl and CIAP treated pYMM5 vector with
Mbol digested and fractionated S. pombe DNA. Cells of a
wild-type strain were transformed with these plasmids by
Li-acetate or electroporation treatment at a frequency of
106 transformants/(i% DNA. Thirdly, transformants
exhibiting pale blue color on Xgal plates were obtained at
about 1/200, and were replica-plated on Xgal plates. They
were treated with various stresses such as UV and X-ray
radiations, heat and oxygen radicals. Colonies which
showed a darker blue color after stress treatment were
obtained at about 1/100. Plasmid DNA was extracted
from 71 candidates and classified into 26 groups by
determining the DNA sequences of the 5. pombe region
flanking the multi-cloning site (Table 2). Many of 26
groups were new genes induced by various stresses, but
not involved in typical stress-inducible genes, indicating
that they were involved in the later pathways of the
stress-induction cascade.

P. 45 Table 2. Fusion genes inducible by various stresses

Fusion
Plasmid

pFl

PF2
, , : P F 3 .SS

pF4

pF5
pF6
pF8

pF9

pFlO

pFIl
pF15

pF17

pF19

pF27

pF30

pF31

pF32

pF33

pF34

pF39

pF41

pF43

pF47

pF48

pF49

pF52

26
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-

-

-

-

-

-

-

-

+
+

-
+

-
+

-

-
-
+
+

-
+
-
-
-
+

-

UV

+
+
+

-

-
-
-
+

++

•M-t-

+

+
++

-
-
-
+

++
+
+
+
+
+
+
+

X-ray

+
+

-

-
-
+
+

++
++
+
++

+

+

-

+
+

-
+
+

-
-
-
-

Heat

4-H-

+

-
+

-
+
+
+
+
+

-
-
-
-
+

+

-

-
-
-

+

O2

-

-

•M-

+
+

-
-
-
-
-
+

++
+

-
-
-

-
+
+

-
-
+

-
-
+

-

BamHl

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

GGATC

Junct ion Sequence

S.pombe DNA

AAATGGTGTTTCTC
AAACGAGCAATTAGG
TATTATATTACAATA

CAATAGATGCGGCAC
CTATTATTATTATTG
CTCGGGAATATTTAT
TCTAAAGATAAGGCG
TGAACGAAGGCAAGT
ACCTATATATAATAA

TCGTTCCTCAATATA
TAAAGATTTACCTAA
CGTCACTGAAAAGTA
TTACTACTTCAAGAA
CTTATGGAAAGGGCT
AATCTCACATGAGGA
TTCAACTGAGGAAGT
AACGATTTATTCAAT
AAAAAATTATCCTAA
TTCTTGCATCTATTA
CAATTACCCAGATA
TCTTCTATCTCGCTT
TTAAACTTAATACTT
AATTAATTAATGTCA
ATATTGACTTGTCTT

AAGGCAGTCAAAGTA
TGCTTGCATCTATTA

No.

1

2

2
1

1

2

5

12

1

10

7

3

1

i

1

1

1

4

1

1

1

1
2

1

1

3

71
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37. Hydrogen Peroxide-Sensitive Mutants in
Saccharomyces cerevisiae

Tetsuya Saeki, Satsuki Tsuji, Masatake Yamauchi
and Hideo Tsuji

Keywords: hydrogen peroxide, sensitive mutant,
complementation test, budding yeast

Previous studies on the lethal effects of hydrogen
peroxide (H2O2) in budding yeast Saccharomyces
cerevisiae revealed the following points: (1) wild-type
cells for both DNA repair and H2O2- defense system
were extremely sensitive to H2O2 during their early
growing stage (~2 days incubation in liquid complete
medium), but they reached a much more resistant level
after prolonged incubation; (2) all three pathways of
DNA repair in yeast were able to participate in the repair
of H2O2 - DNA lesions; (3) two of our mutants, which
were isolated on the basis of the inability to decompose
H2O2, were H2O2- and UVA-sensitive, but not sensitive
to either X-rays or UVC. In order to collect more various
mutants, another 119 H2O2-sensitive mutants were
isolated from UV-irradiated haploid cells (a) by selection
of colonies which could not grow on the H2O2-spread
complete plates. Survival level after shaking for 3hr in
0.9% saline containing 1000 mM H2O2 was 20-70% for
parental wild-type cells, whereas it was below 1 x 10~4

for most H2O2 - sensitive mutants. None of the newly
isolated mutants were X-ray-sensitive. After the
construction of a-mating type strains of 37 mutants,
zygotes between a -type mutant and a-type cells of
another mutant were isolated by micro-dissection. In a
preliminary test, it was observed that replica-plating of
zygote colonies on H2O2 plate did not show very good
contrast between H2O2-sensitivity of wild type cells at the
early growing stage as mentioned above in (1).
Therefore, the complementation test of these mutants had
to follow the laborious plating method. Zygotes were
incubated in liquid complete medium for at least one
week and examined for H2O2-sensitivity by shaking in
1000 mM H2O2. At present, one round of the comple-
mentation test has been carried out reciprocally; for
mutant X and another mutant Y, a pair of zygotes, a -
type X with a-type Y and a-type X with a -type Y, were
tested. Among the 37 mutants, 23 mutants showed
complementation with at least one of the others in a
reciprocal manner. Judging from both complementation
and non- complementation patterns of each mutant in the
reciprocal manner, there are at least 15 different genes in
this group.

38. Isolation of Trinucleotide Repeats from
Human Genome

Hideo tsuji, Kazuei Mita, Masataka Yamauchi,
Satsuki Tsuji and Tetsuya Saeki

Keywords: genomic instability, trinucleotide repeat,
fragile site

The integrity of human genome is preserved by the
stable duplication of chromosomes, which is achieved by
the strict mechanisms of DNA repair, replication,
recombination, and cell division. Malfunction of these
mechanisms results in the genomic instability that
induces gene mutation, chromosomal changes, and
cancer. In addition to the trans-acting cellular factors, the
cis-acting ones such as the structure of the genomic DNA
and specific DNA sequences also contribute to the
genomic instability. The tandem simple repeat,
especially the trinucleotide repeat, has received attention
regarding its role in genomic instability because several
genetic diseases are caused by the abnormal expansion of
trinucleotide repeats in their respective genes. Some
fragile sites isolated so far have been shown to contain
trinucleotide repeats, which are associated with
chromosomal rearrangements and genetic abnormalities.

To study the structure and function of trinucleotide
repeats in the human genome and their relationship to
fragile sites, we have isolated 99 independent human
genomic clones containing trinucleotide repeats from
HeLa genomic libraries by using 10 sorts of 30mers
comprising different tandem trinucleotide repeats.
Southern hybridization of the genomic clones with the
30mers revealed that nine different kinds of repeats were
present among clones and that 37% of the clones had two
or more repeats. Sequencing of repeat-positive
subfragments identified two types of repeats; one type
was simple tandem repeats and the other type was cryptic
repeats that were comprised of several different repeats
with or without a few interrupting nucleotides, or were
comprised of several different repeats in a bead-like
structure. The chromosomal mapping by fluorescent in
situ hybridization demonstrated that some isolated clones
were distributed randomly in the genome, except for the
Y chromosome, whereas other clones were localized in
specific chromosomal regions. These clones were
identified overlapping clones, suggesting that there are
chromosomal regions containing abundat repeats. The
sites of some clones were coincident with the fragile sites
at a chromosomal subband level. The result suggests that
the clones provide useful clues for the analysis and
isolation of fragile sites.
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39. Molecular Analysis of Radiologocally
Induced Mutations and Genes Involved in
DNA Precursor Metabolism

Masatake Yamauchi, Satsuki Tsuji, Toshiyuki Saito,
Hideo Tsuji, Tetsuya saeki, Etsuko Hongo,

Mitsuoki Morimyo, Kazuei Mita, Masahiko Takahagi,
Koh-ichi Tatsumi and Tada-aki Hori

Keywords: purine metabolism, genome analysis,
mutagenesis, genetic variation

Despite recent achievements in the structural analysis
of the human genome, analysis of the functional aspects
of the genome has yet to be started. Our project aims at
establishing a model system to analyze the functional
organization of the DNA precursor metabolic pathway at
the molecular level, by utilizing the structural information
obtained from the genome projects.

The metabolic pathway of the DNA precursor
compounds is one of the most strictly regulated parhways
among all organisms, including humans. Defects in the
key regulatory enzymes in the pathway are known to lead
to nucleotide pool imbalances that result in occurrence of
mutations in all type of genes. A mutation, for instance,
occurring in an anti-oncogene causes neoplastic
transformation of the mutant cells. Genetic variations of
the pathway among the human population possibly play
an important role in the neoplastic transformation
induced by ionizing radiation and chemical compounds in
the environment. The existence of a genetic variation of
the pathway among the human population is supported by
the population who tend to manifest gout. Gout is a
disease that is often caused by genetic defects in the DNA
precursor metabolism. The number of gout patients in
Japan is estimated as a little less than one million,
although the portion having genetic gout is not known.

To study the relationship between the DNA precursor
metabolism and the mutagenesis caused by environ-
mental mutagens at the molecular level, we started to
isolate genes involved in the DNA precursor metabolism
of various organisms, human, mouse, and Fission yeast.
Fission yeast is thought to provide an ideal system to
investigate the function of the mammalian genes isolated,
since the procedures for the homologous recombination
to disrupt the target gene disrup its function are
established.

We have isolated seven human cDNA clones and nine
yeast cDNA ones, so far and determined their nucleotide
sequences, completely for a full-length clone of the
human purH cDNA, and partially for other incomplete-
length clones. Human purH cDNA was composed of
2040 nucleotides, and a single open reading frame

encoding 592 amino acids was identified. Biological
function of the human purH gene was confirmed by
function complementation achieved by introducing it into
mouse p«r//-negative mutant cells.

Publications:
1) Yamauchi, M., Ayusawa, D., Shimizu, K., Seno, T.

and Matsuhashi, M. Somat. Cell Mol. Genet., 15, 39-
48, 1989

2) Yamauchi, M., Yamauchi, N. and Meuth, M.
EM BO J., 9, 2096 - 2099, 1990.

3) Yamauchi, M., Yamauchi, N., Phea, G., Spurr, N.K.,
Martinsson, T., Weith, A. and Meuth, M. Genomics,
11, 1088-I096, I99l

4) Whelan, J., Phear, G., Yamauchi, M. and Meuth, M.
Nature Genetics., 3, 317-322 1993

40. Molecular Cloning of Human DNA repair
Gene ERCC8 1. Construction of Repair
Proficient Irradiation Hybrids

Tadahiro Shiomi, Yoshi-Nobu Harada and Naoko Shiomi

Keywords: repair deficient phenotype, ERCC8,
irradiation hybrid

To test whether human repair gene(s) can complement
the defect in the rodent group 8 UV-sensitive mutant, cell
hybrids were constructed between the group 8 mutant and
human cells. Since we have never obtained surviving
hybrids from fusions of US31 (a group 8 mutant) cells
and human cells for unknown reasons, a UV-sensitive
partial hybrid named 6L1030 was constructed by fusion
of US31 and X-irradiated normal mouse fibroblast line.
LTA. 6L1O3O has a fibroblastic shape and is as sensitive
to UV as the parent US3I. 6L1030 was assigned to
complementation group 8. 6LlO3OTGr was fused to
human fibroblast WI38VA13. After 14-16 days selection
with HAT and ouabain, surviving hybrids were obtained.
Half of the hybrid clones tested were resistant to UV
irradiation. Hybrid clones were mixed and cultured for I
month in nonselective medium to eliminate human
chromosomes from hybrids. To select UV-resistant
hybrids these cells were subjected to five cycles of UV
irradiation (5J/m2) at two day intervals. Surviving
colonies were mixed and named 6LH1R. The number of
human chromosomes retained in the hybrid cells ranged
from 2 to 15. 6LH1R cells were as resistant to UV as
control LTA cells. These results indicated that some
human gene located on one of the human chromosomes
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retained in the UV-resistant hybrid cells could
compensate for the defect in rodent group 8. This gene
was designated as ERCC8.

UV-sensitive mutant 6L1030 cells were fused with X-
ray-irradiated (60-100 Gray) 6LH1R cells. Unfused
6LH1R cells did not survive the X-ray irradiation
damage. These cells were subjected to five cycles of UV
irradiation (5J/m2) at two day intervals. 6L1030 cells that
did not receive an ERCC8 gene could not survive the UV
selection. Five UV resistant irradiation hybrids were
obtained from 5 x 106 6L1030 cells used for cell fusion.
These UV-resistant secondary hybrids were named
6LH2R1-5 (clones 1-5). X-ray irradiated 6LH2R cells
were used as donors in a third round of irradiation hybrid
formation and UV selection, and the surviving cells were
named 6LH3R. A fourth round produced cell lines
named 6LH4R. The pedigree of the irradiation hybrids is
shown in Figure 14. The irradiation hybrid cells were as
resistant to UV as control LTA cells. Human sequences
retained in the irradiation hybrids were reduced by the
repeated cycles of irradiation hybrid formation. In
6LH4R clone 1 cells, the length of the retained human
sequences was estimated to be about 1 Mbp as judged
from the sizes of Alu positive bands. Since no revertants
were obtained from different types of control
experiments, an ERCC8 gene which complements the
defect in 6L1030 should be included in these human
sequences.

LTA (mouse, UVr)

6L10MXUVS)
I 6TC

6LI0.«rTG'(UVs. T C f ) — 5 p WI38VALl(human.
I HAT. Ow

6LHIR(UVr]

Xra;f6-IOGrayi)

6LH2R(UVr)

Xra,,<HOGn,»

61.10.10 , 6LH2R-

6LH4R (LV' i

Fig. 14 The pedigree for the UV-resistant irradiation
hybrids. X ray-irradiated cells are marked with asterisks.
Abbreviations: 6TG, 6TG selection; HAT, HAT
selection; Oua, Ouabain selection; UV, UV selection;
fusion, cell fusion; X ray, X ray irradiation.

41. Northern Analysis and Gene Mapping of the
Mouse Repair Gene, xpg

Yosh-nobu Harada, Yoichi Matsuda, Naoko Shiomi
and Tadahiro Shiomi

Keywords: excision repair, XPG/ERCC5, xpg. Northern
analysis, gene mapping

An intricate network of biochemical repair systems has
evolved to counteract the deleterious consequences of
DNA injury and permanent mutations. One of the major
repair processes is the nucleotide excision repair pathway,
which is best studied in Escherichia coli. This system
removes a broad category of DNA lesions caused by very
dissimilar agents such as UV-induced cyclobutane
pyrimidine dimers and 6-4 photoproducts, as well as bulky
chemical adducts and DNA cross-links. Recently, several
genes involved in the mammalian excision repair system
have been molecularly cloned. A UV-sensitive repair
deficient mouse strain, if established, would be very useful
for further studying of the nucleotide excision repair
mechanism, especially in vivo. For establishing such a
strain, we have already cloned several mouse cDNA
homologous to the human XPG/ERCC5 cDNA. We
propose that the mouse counterpart of the human
XPG/ERCC5 gene is named xpg and the locus symbol of
the gene is designated as Xpg. Northern blot analysis was
carried out to determine the size and tissue transcription
specificity of the mouse xpg mRNA. The xpg gene
expressed one species of transcript with 4.3 kb at similar
levels in the tissues of heart, brain, spleen, lung, skeletal
muscle, kidney and testis. The chromosomal assignment of
the mouse xpg gene was made by direct R-banding FISH
using the xpg cDNA as a probe. The signals were localized
on the terminal of R-positive B band of mouse
chromosome 1. For refining the localization of Xpg locus,
linkage analysis was carried out using the interspecific
backcross progeny generated from Mus spretus and
C57BL/6. We surveyed the genotype of Xpg locus by
Southern analysis and of three microsatellite linkage loci,
DlMitl8, D1MU20, and D1MH22 by simple sequence
repeat polymorphism (SSCP) analysis. The segregation of
the xpg phenotype in the 130 backcross mice was shown as
three-point crosses with the microsatellite DNA markers as
anchors. The Xpg locus was mapped between D1MU20 and
D1MU18 loci. The genetic distance between Xpg and
D1MU20 was 6.2 cM, and between Xpg and DlMitl8 it
was 2.3 cM.

Publication:
Harada, Y.-N., Matsuda, Y., Shiomi, N. and Shiomi, T.:
Genomics, 28, 59-65, 1995
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42. Haplotype Analysis at the FRAXA Locus in
the Japanese Population

Tada-aki Hori, Masatake Yamauchi, Ikuko Kondo1,
Robert I. Richards2, and Grant R. Sutherland2 ('Ehime

Univ.; 2Women's and Children's Hospital, Australia)

Keywords: fragile X syndrome, p(CCG)n repeat,
haplotype analysis

The fragile X syndrome is one of the most common
genetic disorders and is the most common form of
familial mental handicap. Recent studies have shown
that the fragile X mutation results from expansion of a
heritable unstable DNA sequence, p(CCG)n/p(CGG)n
repeat at the FRAXA locus. In general, the p(CCG)n
repeat in the fragile X chromosome usually increases in

size when transmitted by female carriers, while there is
little alteration or reduction in size when transmitted
through males. There is no evidence for any de novo
mutation, all probands having parents who themselves
have a premutation or full mutation. Linkage analysis of
markers in the vicinity of the fragile X mutation has
shown that fragile X chromosomes segregate with
particular haplotypes in several populations of European
origin, suggesting that a few founder chromosomes are
responsible for most fragile X mutations in the Caucasian
population.

In order to examine the origin of the fragile X
mutations in the Japanese population, we have performed
haplotype analysis of the FRAXA locus in 40 unrelated
fragile X chromosomes and 142 normal chromosomes in
Japanese males, by using two polymorphic AC repeat
markers, FRAXAC1 and FRAXAC2, which flanks the

Table 3. Haplotype frequencies for normal and fragile
FRAXAC2 Alleles

FRAXA

A

B

C

D

E

Toial

C2 Alleles
Normal

FRAX lb

FRAX2
FRAX 3
FRAX Japanese"1

Normal

FRAX 1
FRAX 2
FRAX 3
FRAX Japanese
Normal

FRAX 1
FRAX 2
FRAX 3
FRAX Japanese
Normal

FRAX 1
FRAX 2
FRAX 3
FRAX Japanese
Normal

FRAX 1
FRAX 2
FRAX 3
FRAX Japanese
Normal

FRAX 1
FRAX 2
FRAX 3
FRAX Japanese

Japanese**
Caucasian9

Japanese^
Caucasian3

Japanese
Caucasian

Japanese
Caucasian

Japanese
Caucasian

Japanese
Caucasian

A

0.50
0.08

0.11
0.03
0.08
0.15

0.50
0.08

0.11
0.03
0.08
0.15

B

—
0.03
—
—
—
—

0.13
0.08

0.11
0.16
0.23
0.20

0.13
0.11

0.11
0.16
0.23
0.20

X chromosomes lr
c

0.06
0.01
—
—
—
0.03

0.03
—

—
0.05
0.04
—

—
—
—

0.02
—
—

0.09
0.01

0.07
0.04
0.03

D

—
—

—
0.02
—
—

0.01
0.17

0.15
0.08
0.08
—

0.03
0.01

0.23
0.06
—
—

0.04
0.18

0.38
0.16
0.08
—

i Japanese and Caucacian
E

0.01
0.48

0.17
0.13
0.31
0.08

0.01
0.48

0.17
0.13
0.31
0.08

F

—
0.06

0.19
0.41
0.26
—

—
0.01
0.02
0.02
—
—

0.25
0.02
—
0.02
—

0.43

0.02
—

0.03

0.02
0.09

0.21
0.47
0.26
0.46

populations
G

—

0.02
—
—
—

0.01
0.06
—
—
—
0.05

0.01
0.06

0.02
—
—

0.05

Total

—
0.06

0.21
0.41
0.26
—

—
0.01
0.02
0.04
—
—

0.34
0.77

0.32
0.23
0.39
0.59

0.69
0.17

0.45
0.32
0.35
0.38

—
—
—

0.02
—

—

a: Normal Caucasian males (N=202)
b: FRAX 1, Australian (N=47); FRAX2, South Carolina (N=6I); FRAX3, New York (N=26) [Richard et al., 1992]
c: Normal Japanese males (N=142)
d: FRAX Japanese males (N=40)
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FRAXA locus. Table 3 summarises the allele freq-
uencies at FRAXAC1 and FRAXAC2 in the Japanese
population and compares them with the results in
Caucasian populations reported by Richards et al. (1992).
There were distinct differences in the allele frequencies
between Japanese and Caucasians. In normal Japanese X
chromosomes, two major haplotypes for FRAXAC1 -
FRAXAC2 were DA(50%) and CF(25%), whereas they
were CE(48%) and CD(17%) in Caucasians. Two
haplotypes, CF(43%) and DB(20%), were more frequent
in Japanese fragile X chromosomes than in normal X
chromosomes ( ^ 2, corrected=7.07, p <0.008), while DA
haplotype(15%) was clearly under-represented in
Japanese fragile X chromosomes.

Thus, this analysis provided evidence for founder
fragile X chromosomes in the Japanese population,
similar to that in Caucasians, although different

haplotypes are involved. The distribution of normal
allele size of the p(CCG)n repeat among the X
chromosomes in the Japanese population is very similar
to that reported for Caucasians, except that the most
frequent copy number (n=28) is one copy less than that in
Caucasians and there is an additional peak at 35 copies
(NIRS-32, 1994). There is a significant correlation
between FRAXAC alleles and the p(CCG)n repeat copy
number in non-fragile X chromosomes. However, in
contrast to findings in Caucasians, alleles with more than
31 copies of the p(CCG)n repeat do not segregate with
either of the fragile X common FRAXAC haplotypes.

Publication:
1) Richards R. I., Kondo, I., Holman, K., Yamauchi, M.,
Seki, N., Kishi, K., Staples, A., Sutherland, G. R. and
Hori, T.:Am. J.Med. Genet., 51, 412-416, 1994.

43. Construction of YAC contigs at Human
Chromosome 11q22.3-q23.1 Region
Covering the Ataxia Telangiectasia Locus

Takashi Imai, Yoichi Matsuda, Hiroko Ito, Tada-aki Hori

Keywords: YAC contigs, human chromosome 1 Iq22.3-
23.1, ataxia telangiectasia

Ataxia telangiectasia (AT) is an autosomal recessive
disease of unknown etiology associated with cerebellar
ataxia telangiectasia, immune dysfunction, higher cancer
risk, genomic instability and hypersensitivity to ionizing
radiation. The major AT loci, AT-A and AT-C, are shown
to be closely linked at chromosome 1 Iq22-q23. The
most recent genetic linkage mapping and linkage
disequilibrium analysis have localized the major AT loci
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Fig. 15 A YAC-based STS-content map of the AT major region. The size of the YAC clones without arrow-ends was not
determined by pulsed-field gel electrophoresis. STS used for analysis of the YACs are indicated by vertical thick
bars crossing the horizontal line. The presence of an STS sequence in a YAC is demonstrated by the thin lines. The
YACs represented by the dashed lines demonstrate that these have discontinuous segments. Paired diagonal lines
(//) indicate that physical lengths in maps reported previously are not confirmed by the present YAC contigs.
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to a sequence of approximately 850 kb between the
markers DHS1919 and D11S1818. The isolation of
yeast artificial chromosomes spanning the AT region is an
essential step to identify the gene or genes responsible for
the mutation(s). We isolated a total of 20 YAC clones
from three independent YAC libraries, using sequence
tagged sites mapped in the AT region as primers for
PCR-based YAC screening. The PCR-assay for the
presence or absence of 16 different DNA markers
allowed us to construct and to order four YAC contigs at
the AT region (Fig. 15). One of the contigs which
consists of the 10 YAC clones, covers about 2 Mb of
DNA at the boundary between the Giemsa-positive band

Ilq22.3 and the Giemsa-negative band Ilq23.1 and
includes the entire region of the major AT locus between
DUS1819 and DUS18J8. Thus, the YAC contigs will
facilitate the positional cloning approach in searching for
transcribed sequences from the defined genomic region.

Publications:
1) Seki, N., Yamauchi, M., Saito, T., Harada, N., Hori,
T.: Jpn. J. Hum. Genet., 39, 249-254, 1994
2) Imai, T., Seki, N., Saito, T., Yamauchi, M., Matsuda,
Y., Ito, H., Ogiwara, A., Nomura, N., and Hori, T.: DNA
Research, 2, 113-121, 1995.

44. Chromosomal Mapping of Mouse 5S and
18S rRNA Genes by Direct R-banding
Fluorescence in situ Hybridization

Yoichi Matsuda, Hitoshi Suzuki',Kazuo Moriwaki2,
Verne M. Chapman3 ('Jikei Univ. School of Medicine;

2National Institute of Genetics; 3Roswell Park Cancer
Institute, USA)

Keywords: rRNA gene, fluorescence in situ hybridization,
chromosomal mapping, Mus species

Table 4. The list of wild-derived mice used for
chromosomal mapping of the 5S rRNA gene

Mice Line Location
Mus musculus

M. m. domesticus
M. m. brevirostris
M. m. musculus

M. m. castaneus

M. m. molossinus

M. m. subspecies
(M. m. bactrianus)

Mus spretus
Mus hortulanus
Mus spicilegus
Mus caroli

PGN1

BFM1

Pwk2

Skive2

Mai3

Hmi3

MOM1

MSM1

Kjo3

Avz3

-2
-2
ZBN1
-4

Canada
France
Czechoslovakia
Denmark
Malaysia
Taiwan

Japan
Japan
Iran
Iran
Spain

Yugoslavia
Bulgaria
Japan

'The generation of inbreeding is over twenty.
2Mice maintained by random mating.
3The generation of inbreeding is not over twenty.
4Mice trapped in the field.

The mouse 5S and 18S rRNA genes were mapped by
direct R-banding fluorescece in situ hybridization (FISH)
with several Mus musculus subspecies and different Mus
species. Two genomic fragments amplified by PCR from
total genomic DNA of BALB/c mice and Mus spretus,
1.6-kb fragment including 121 -bp 5S rRNA gene and 1.6-
kb fragment including whole spacer region, respectively,
were used for chromosomal mapping of the 5S rRNA
gene. Both fragments hybridized to a single locus on a
pair of autosomal chromosomes of BALB/c mice. The
major cluster of mouse 5S rRNA genes was assigned to
the most terminal R-negative to R-positive bands of the E
region of Chromosome 8, which is homologous to the
linkage of the 5S rRNA gene on human chromosome 1 q.
The location of the 5S rRNA gene was mapped in five
laboratory strais, in wild mice of six Mus musculus
subspecies, M. m. domesticus, brevirostris, musculus,
bactrianus, castaneus and molossinus that were derived
from ten localities, and in four different Mus species, M.
spretus, hortulanus, spicilegus and caroli, using FISH

Table 5. Distribution of 18S rRNA genes detected by
FISH analysis

Mice Location Chromosome
Mus musculus

M.m.domesticus
M. m. brevirostris
M.m.musculus
M.m.molossinus

M.m.castaneus
Mus spretus*
Mus spicilegus
Mus hortulanus

Pac(U.S.A.) 12,15,16,18,19
BFM(France) 12,15,16,19
My 1 (Yugoslavia) 11,12,15,16,18, 19
MSM(Japan) 1,5,9,11,12,13,

15,16,17,18,19
Mal(Malaysia) 4,11,12,15,18, 19
Spain 4,13,19
Bulgaria 3,9,16,19
Yugoslavia 3,4,16,19

*In M. spretus 18S rRNA genes are located on the
terminus of the chromosomes.
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(Table 4). The 5S rRNA cluster mapped to the same
position on the chromosomes of all the different mice.
These results suggest that the location of the mouse 5S
rRNA gene on the distal telomeric region of
Chromosome 8 is evolutionally conserved.

The 6,6-kb genomic fragment was used for
chromosomal mapping of the 18S rRNA gene with five
M. musculus subspecies and three different Mus species
(Table 5). The locations of 18S rRNA genes were highly
variable among the Mus species. The 18S rRNA genes
were located on a large number of different chromosomes

in Asian M. m. molossinus. The genes were present only
on the terminus of chromosomes 4, 13 and 19 in M.
spretus, and they were localized in the centromeric region
in all other Mus species and M. musculus subspecies.

Publications:
1) Matsuda, Y., Moriwaki, K., Chapman, V. M., Hoi-Sen,

Y., Akbarzadeh, J. and Suzuki, H.: Cytogenet. Cell
Genet., 66, 246-249, 1994.
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45. Cryopreservation of Mouse Spermatozoa at
-79°C

Masanori Okamoto and Naomi Nakagata*
(*Nippon Institute for Biological Science)

Keywords: cryopreservation, mouse spermatozoa

Mouse spermatozoa have been cryopreserved in liquid
nitrogen (LN2) at -196°C. If the spermatozoa could be
preserved at about -80°C, i, e., temperatures which can be
achieved using ultra-low temperature freezer or by
packing in dry ice, storage and transportation of mouse
spermatozoa would be simplified, allowing more
utilization in bio-medical research. The present study was
undertaken to examine whether or not mouse
spermatozoa could be preserved for long periods of time
in a freezer where the temperature was maintained at
-79°C.

Mouse spermatozoa were collected from the
epididymides of mature male Jcl: ICR mice, by mincing
the tails of the epididymides of two mice into 0.3 mi or a
cryopreservation solution (18% raffinose and 3% skim
milk in distilled water). The sperm suspension thus
prepared was put into 0.25 mi plastic straws. The sperm-
filled straws were cooled in ultra-low temperature
freezers at -79°C and stored there. The samples were
removed after 1 week. 4 months, or 8 months of
cryopreservation and thawed immediately into water at
30°C for use. Sperm viability: After 1 week, 4 months, or
8 months of storage, a portion of each thawed sperm
sample was suspended in a culture medium for
subsequent analysis of the motility of the spermatozoa.
In vitro fertilizing ability and development of newborn

young after embryo transfer of frozen-thawed sperm:
Spermaozoa from samples of 1 week, 4 months, or 8
months storage were used for in vitro fertilization of
superovulated ova of Jcl: ICR mouse strain. 2-cell
embryos obtained by in vitro fertilization for a 28 hr
culture in vitro after insemination were transferred into
the oviducts of the pseudopregnant females, and the rate
of births was studied.

Table 6 summarizes the sperm viability, in vitro
fertilizing ability and production of normal young after
thawing of cryopreserved mouse spermatozoa for lweek ,
4 months, or 8 months of storage at -79°C. Percentages
of actively motile sperm did not differ with the duration
of storage; they were 30-40% for all samples after lweek,
4 months ,or 8 months of storage. The percenages of 2-
cell embryos developed after in vitro fertilization were
71.4% for the 1-week storage group, 70.9% for the 4-
month storage group, and 51.4% for 8-month storage
group. The developmental rates of newborn young after
embryos were transferred to the pseudopregnant females
were 36.7%, 55.3%, and 55.9%, respectively, for 1-
week,4-month, and 8-month storage groups.

These results indicate that mouse spermatozoa can be
preserved for relatively long periods in ultra-low
temperature freezers at -79°C. Such cryopreservation of
mouse spermatozoa is useful for developmental
biotechnology fields. Since this temperature can be
achieved using ultra -low temperature freezers or by
packing in dry ice, storage and transportation of mause
spermatozoa can be simplified, allowing wider
utilization. In the future, if not only the embryos but also
spermatozoa of many mouse strains are frozen, normal
young can be produced from cryopreserved embryos and
gametes.
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Table 6. Sperm viability, in
spermatozoa at -79

Storage

period

1 week

4 months

8 months

Sperm

motility*
%

30-40
30-40
30-40

vitro fertilizing ability and production of normal
"C

No. of oocytes developed to 2-celI embryos /
No. of oocytes examined

30/42 (71.4)

78/110 (70.9)

36/70 (51.4)

young after thawing of cryopreserved mouse

No.of embryos developed to newborn
young/No, of embryos transferred to pseudo-
pregnant females

(%)

11/30 (36.7)

42/76 (55.3)

34/19 (55.9)

•Percentages of actively motile sperm were based on counts in the sperm suspension after thawing.

Publication:
Nakagata, n., Ueda, S., Yamanouchi, K., Okamoto, M., Matsuda, Y., Tsuchiya, K., Nishimura, M., Oda, S., Koyasu, K.
Azuma, S. and Toyoda, Y.: Theriogenology, 43, 635-643, 1995.
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46. Life-Span Studies on Carcinogenic Effects
of Inhaled or Injected Plutonium in Exper-
imental Rats and Mice

Yoichi Oghiso, Satoshi Fukuda, Yutaka Yamada,
Haruzo Iida, Yuji Yamada, Nobuhito Ishigure,

Hiroshi Sato, Akira Koizumi and Jiro Inaba

Keywords: Pu-239, aerosol, dioxide, citrate, carcinogenesis,
dose-effectiveness

To estimate lifetime risk of inhaled plutonium to
induce lung cancers, female Wistar strain rats were
exposed to a single inhalation of a submicron-size, but
polydispersed aerosol, of high-fired 239PuO2. The
absorbed lung doses of the exposed animals during their
lifetime were estimated to be in the range of 0.6-12 Gy.
As the dose increased, mean survival time was
significantly reduced, and cumulative incidence of
primary lung tumors was markedly increased as
compared to the untreated control animals. While the
crude incidence of total lung tumors was the maximum
(95%) in the rats which received 3-4 Gy, benign
adenomas were found at l.OGy or less, increased in
number at 3-4Gy, and then dropped at 5-8 Gy. In
contrast, malignant carcinomas including adenocarci-
nomas, adenosquamous carcinomas and squamous cell
carcinomas were not found at doses less than 1.0 Gy, but
they increased in number at 5-9 Gy, and dropped slightly

at 12 Gy.

For risk estimation of blood-borne plutonium to induce
a variety of tumors, female C3H strain mice were injected
with 239Pu citrate, and then examined for incidence of
tumors vs. skeletal dose during their lifetime. Although
osteogenic sarcomas were not found in the control, their
crude incidence increased from 0.06Gy, reached the
maximum(90%) at 6-8 Gy, and decreased at doses more
than 10 Gy. In contrast, the crude incidence of lymphoid
tumors was reduced in the dose range of 0.6-5.0 Gy,
bottomed out at 6-8 Gy, and then increased to 20-30% at
higher doses of 10-20 Gy as compared to the spontaneous
incidence (20%) in the control. Among lymphoid
tumors, no thymic lymphomas were observed in the
injected animals; there were mostly lymphocytic
leukemias. In the control, the lymphoid tumors were
either thymic, lymphocytic or histiocytic lymphomas.
Other soft tissue tumors were more frequently observed
in the control, but incidences were reduced or not seen in
the injected animals. No myeloid leukemias nor
myelomas were observed in either control or injected
animals.

Publications:

1) Oghiso, Y., Yamada, Y., Ishigure, N., Fukuda, S., Iida,
H., Yamada,Y., Sato, H., Koizumi, A. and Inaba, J.: J.
Radiat. Res., 35, 222-235,1994.

2) Oghiso, Y., Yamada, Y. and Iida, H.: J.Radiat.
Res.,35, 236-247, 1994.
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47. Radioprotection by WR-151327 against the
late Normal Tissue Damage in Mouse Hind
Legs from Gamma Ray Radiation

Satoru Matsushita, Koichi Ando, Sachiko Koike,
David J. Grdina* and Shigeo Furukawa
(*Argonne National Laboratory, USA)

Keywords: WR-151327, phosphorothioale, radioprotector,
normal tissue damage, mouse legs

Nomal tissue damage is one of the most critical
doselimiting factors in clinical radiotherapy. Phosphoro-
thioates have attracted considerable attention because
they have a radioprotective effect against both low- and
high-linear energy transfer (LET) radiation. A
phosphorothioate, WR-151327, was recently suggested to
be useful for protection against high LET-induced
damage. Howere, previous studies examined endpoints
for acute damage. So little is known yet concerning the
effect on late radiation damage. Tha objective of this
study was to investigate whether WR-151327 could
protect against radiation-induced late damage to normal
tissues following gamma ray radiation in mice.

The right hind legs of mice without or with WR-
151327 administration (400 mg/kg) were irradiated with
137Cs gamma rays. Leg contracture and skin shrinkage
assays were performed at 380 days after irradiation. The
mice were killed on day 400 postirradiation and
histological sections of the legs were made. The
thicknesses of the epidermis, dermis, and skin were
measured. The muscular area of the legs and the
posterior knee angle between the femur and tibia were
also measured. Group means and standard deviations
were calculated and dose-response curves were drawn for
every endpoint. Then, the dose modifying factor (DM)
for each endpoint and correlation's among endpoints were
determined.

Late damages assayed by contracture and skin
shrinkage progressed with increasing radiation dose.
Howere, it was reduced by drug treament. A significant
effect was indicated for skin shrinkage with a DM of 1.8
at 35%. The DM for leg contracture was 1.3 at 6 mm. In
the irradiated legs, epidermal hyperplasia and dermal
fibrosis in the skin, muscular atrophy, and extension
disturbance of the knee joint were observed (Fig. 16).

Fig. 16. Longitudinal sections of the control left leg (A)
and irradiated right leg (B) from an untreated
mouse. The legs were removed at 400 days after
gamma ray radiation of 65 Gy to the right legs.
The knee angle (*) in B is smaller than in A. F:
femur. T: tibia. Linexenter of the bone. HB
stain.

These changes progressed with increasing radiation dose.
Skin damage assayed by the present endpoints was also
reduced by drug treatment wuth DMFs of 1.4 to 1.7.
However, DMFs for damage to the muscle and knee were
not determined because no isoeffect was observed. There
were good correlation's between leg contracture or skin
shrinkage and the other endpoints in both untreated and
drug-treated mice.

In conclusion, WR-151327 has the potential to protect
against radiation-induced late normal tissue damage.

Publication:
Matsushita, S., Ando, K., Koike, S., D. J. and Furukawa,
S.: Int. J. Radiat. Oncol. Biol. Phys., 30, 867-872, 1994.
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48. Results of a Combined Radiation Therapy of
X Rays and Fast Neutrons for Esophageal
Cancer

Minoru Mukai and Shinroku Morita

Keywords: esophageal cancer, radiation therapy, neutron
therapy

Combined radiation therapy of X rays and fast
neutrons was used in the treatment of esophageal cancer
from 1980 to 1986. Twenty-five patients (16 men and 9
women; mean age, 71.7 years) without distant metastases
received, in total, more than 50 GyE (whole- body
radiation dose) including a fast neutron dose of more than
15 GyE. The mean tumor length was 6.0 cm. Twenty of
the 25 were patients with T2-3. CR (complete response)
was obtained in 11 of them (44.0%). According to the
tumor length, CR was obtaind in 10 of 14 patients
(71.4%) with tumors shorter than 6 cm and one of 11
patients (9.1%) with tumors longer than 6 cm. Cause-
specific and overall 5-year survival rates were 16.7% and
12.5%, respectively (Fig. 17).
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Fig. 17 5-year survival rate

Five-year survival rate of the 11CR patients was
36.4%. In contrast, none of the 14 patients with less than
partial response survived more than 2 years. Five -year
survival rate of patients with tumors shorter than 6 cm
was 28.6%. None of the patients with tumors longer than
6 cm survived more than 2 years. There was no
significant differences in 5-year survival rates between
the group with a mixed schedule and the group with a
neutron boost.

Publication:
Mukai, M. and Morita, S.: Jpn. J. Cancer Clin., 40,
1030-1034, 1994.

49. Combination Therapy of Radiation and
Local Administration of OK-432 for Esopha-
geal Cancer — 5-year survival —

Minoru Mukai, Susumu Kubota, Shinroku Morita
and Atsuo Akanuma

Keywords: esophageal cancer, radiation, OK-432,
combined therapy

Combination therapy of radiation and local
administration of OK-432 was performed for patients
with esophageal cancer. Sixty patients without distant
metastases completed the protocol and were evaluated.
The average age was 72 years. There were 50 males and
10 females. The mean tumor length was 7.0 cm.
Radiation was given at a rate of 1.6-1.8 Gy/5 fracti-
ons/week using 10MV X rays. The mean total dose was
61.1 Gy. Ok-432 of 10 KE was administered endoscop-
ically around the cancerous lesion at the biginning of
radiotherapy and another 5 KE was given in the same
manner two weeks later.
CR(complete response) was obtained in 43 of 60 cases
(71.7%) and PR(partial response) was obtained in the
remaining 17 cases. Five-year cause-specific survival
was 33.7%. Five-year survival of 43 patients with CR
was 46.3%: the 17 patients with PR all died within 2
years. There was significant difference (P<0.001)
between the two groups. According to tumor length, 5-
year survival of patients with tumors less than 5 cm in
length was 63.4% and that of patients with tumors 5-10
cm in length was 49.9%; the 4-year survival of patients
with tumors more than 10 cm in length was 10.4%.
There was no significant defference between the first and
second groups, but a significant difference between the
first and second groups, but a significant difference was
observed between the former two groups and the third
group (P<0.001). According to the T classification
(UICC, 1987), 5-year survival of patients with Tl-3 was
59.6%, and that of patients with T4 was 11.3%. There
was a significant difference (P<0.001) between the two
groups.

Publication:
Mukai M., Kubota S. and Akanuma A.: J. Jpn. Soc.
Cancer Ther, 29, 606-612, 1994.
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50. Research and Development on Medical
Information Processing System

Shinichiro Sato, Susumu Kubota, Takayoshi Ishii,
Tadaaki Miyamoto, Minoru Mukai, Takashi Nakano,

Jun-etsu Mizoe, Shigeyuki Murayama, Koji Monzawa,
Kunio Sakashita, Yoshisuke Matsuoka,

Katsunori Shimizu, Yuzuru Nakamura,Shinroku Morita,
Atsuo Akanuma, Kenjiro Fukuhisa and Masahiro Endo

Keywords: computer network, medical information,
PACS

A computer-based hospital information processing
system including the PACS (Picture Archiving and
Communication System) function has been developed.
This System is designed as a prototype for the total
hospital information system of a new facility for heavy
charged particle radiotherapy which will open in 1997,
and also as a system supporting HIMAC clinical trials
done in collaboration with other medical facilities for
cancer therapy. To satisfy the intended uses the system
has good expandability and flexibility.

The base of this system is a combination of FDDI and
Ethernet network cables covering the hospital and related
buildings. Two databases (patient characteristics

database and image filename database) and an image file
server form the core of this system. Additionally, many
workstations and personal computers are connected to the
network as image acquisition terminals, image display
terminals, radiotherapy planning systems or office
automation equipment (Fig. 18).

In order to keep independency for the data and
application programs, ACR/NEMA Standard (Version 2)
extended to an upper compatible is used as the image file
format. The header part of this format is managed by one
database system (image filename database) for reference.
Application programs or other subsystems (i. e.
radiotherapy planning system, image reference terminal
or image communication system) can be easily accessed
and image files can be used with standardized tools.

Image files are stored in a mass-storage workstation
(187GB of magneto-optical disks: MOD and 22GB of
SCSI-2 hard disks). Files which are accessed frequently
are stored on hard disks for quick access. Images from
digital image diagnostic equipment such as X-ray CT or
MRI, are acquired automatically through image
acquisition terminals.

Development of systems for tele-conferences or
information exchanges with other medical facilities has
been started.
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51. Prognostic Significance of Le^ Antigen
Expression in Radiation Therapy for Cervical
Cancer.

Takashi Nakano, Kuniyuki Oka, and Tatsuo Arai,

Keywords: Le> antigen, apotosis, cervical cancer,
prognosis, prognosis, radiation therapy.

Correlation between Le-V antigen expression on cancer
cells and prognositic significance has not been evaluated
in the treatment of cervical cancer. Additionally, the
influence of Le^ antigen expression by irradiation has
not been assessed. Then, a total of 193 patients with stage
IHsquamous cell carcinoma of the uterine cervix who
were treated with radiation therapy alone were
investigated for the prognstic signficance of Le^ antigen
expression. Eighteen patients with cervical cancer were
examined for changes in mor phology and Le^
expression during early periods of rakiation therapy. Le^
antigen expression was detected by immunohisto-
chemical staining.

Le^ antigen was expressed on the surface membrane
and cytoplasm of cancer cells. Of the 193 patients, 136
(70.5%) were positive, including wead Le^ expression for
66 and strong Le-V expression for 70. There were no
signigicant defferences in Le> positivity accoding to
tumor volume, histology and age. The 10-year survival
rate for patients with strong Le^ antigen expression was
52.5%, aignificantly lower than the 65.8% of those with
weak or no expression (p<0.01)(Fig.l9).
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Fig.19 Cumulative survivals by Le^ expression on
cervical cancer.

This difference was due to local control status rather
than distant metastasis. Multiple regression analysis
indicated that the prognostic significnce of Le^
expression was independent of tumor volume, which has
always been regarded as a strong prognostic factor.

However, the exoression of Lex and H antigens which
were in the same blood group antigens as Le> were
associted with the Le> expression but not with prognosis
following radiation therapy for cervical cancer. Le>
positivity increased with dose, and most of the tumor
cells were positive for Le> expression at 27 Gy or 3
weeks after initiation of radiation therapy.

In summary, the Ley antigen expression was an
important predictor for local control and long term
prognosis following radiation therapy for squamous cell
carcinoma of the uterine cervix.

Publications:
1) Nakano, T. and Oka, K.: Cancer, 72, 2401-2408, 1993.
2) Nakano, T., Oka, K., Sugita, T. and Tsunemoto, H.:

Inter. J. in vivo Res., 7, 257-264, 1993.
3) Oka, K., Nakano, T. and Arai T.: Cancer, 72, 160-

164, 1993.

52. Prognostic Factors in Radiation Therapy of
Cervical Cancer

Takashi Nakano, Atsuko Ishikawa, Atsuro Terahara
and Shinroku Morita

Keywords: cervical cancer, radiation therapy, Ki-67,
pMI, c-erbB-2

The superior dose distribution realized by
brachyherapy for cancer of the uterine cervix has resulted
in successful local control in the early disease stage.
However, improve local control was needed for long
survival for the advanced disease stage. Prediction of
prognosis is expected to contribute as a determinant for
optimum therapeutic modality planning for the advanced
disease. Thus, extensive efforts have been made to
predict prognosis of patients with various cancers,
following radiation therapy in terms of tumor
characteristics including proliferation parameters.
Recently, growth fraction, various oncogene products,
and cell cycle relating antigens have been determined
immunohistochemically, and correlations between these
parameters and radiation response of various tumors have
been assessed.

Our work on correlations between radiation response
and various biological parameters including growth
fraction, cell cycle factors, oncogene expression of
tumors and histologic features is reported as a prediction
tool of local control probability following radiation
therapy.
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An Immunogistochemical study was performed an 64
cervical cancer patients treated with radiation therapy.
Prognosis was analyzed by c-erbB-2 oncoprotein
expression (CerbB-OE)(Fig. 20), growth fraction
determined with Ki-67 immunogistochemistry (Ki-GF)
and the mitotic index of proliferating cell population
(pMI).
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Fig.20 Cumulative survivals of cervical cancer by cerbB2
oncoprotein expression.

The 5-year survival rates for the Ki-GF of 33% or
greater were significantly better than those below 33%
(87.5% vs 44.7%, P<0.01). The difference was due to
difference in recurrence rates. The 5-year survival rates
for patients with pMI of 3.5% or greater were
significantly lower than those below 3.5% (0% vs 81.8%,
P<0.001). This difference was also due to the difference
in recurrence rates. CerbB-OE was observed on the cell
membrane of cancer cells. Positivity of CerbB-OE, which
was 42.4% in total, increased significantly with stage
progression. Mean Ki-GF and pMI were 36% and 2.5%
in total, respectively. Mean Ki-GF for CervB(+) patients
was 26.2%, significantly lower than the 38.3% for
CerbB(-) patients (P<0.01). The mean pMI for CerbB(+)
patients was 3.70%, significantly higher than the 2.00%
of CerbB(-) patients (P<0.05). The correlation between
CerbB-OE and Ki-GF and pMI suggests that CerbB
oncoprotein may play an important role in cell
proliferation status of cancer of the uterine cervix. The 5-
year survival rates of CerbB(+) and CerbB(-) patients
were 45.1% and 75.6%, respectively, indicating that
CerbB(+) patients showed significantly poorer suvival
than CerbB(-) ones (P<0.01). The difference in survival
was mainly due to local recurrence rather than distant
metastasis.

The Ki-GF, pMI and CerbB-OE are suggested as
significant predictors for local control as well as long
term survival. These predictors are promising candidate
determinants for selecting optimal therapeutic modalities.

Publications:
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53. Radiation Therapy Alone for Adenocarcinoma
of the Uterine Cervix

Takashi Nakano, Tatsuo Arai, Shinroku Morita,
Kuniyuki Oka,

Keywords: cervical cancer, radiation therapy, adenocar-
cinoma,

Radiation therapy alone for adenocarcinoma of the
cervix must to be evaluated using accumulated long term
results because of its low incidence of adenocarcinoma of
the cervix. Fifty-eight patients with adenocrcinoma of the
cervix who had been treated with radiation therapy alone
between 1961 and 1988 were studied. The radiation
therapy consisted of a combination of intracavitary and
external pelvis irradiation. Intracavitary treatment was
performed with low dose rate and/or high dose rate
sources.

The 5 year survival rates for stages I, n, M and IV were
85.7%, 66.7%, 32.3% and 9.1%, respectively. The 10
years survival rates for stages I, n, in and IV were 85.7%
60.0%, 27.6% and 9.1%, respectively. The local control
rate with high dose rate treatment was 45.5%,
significantly lower than 85.7% and 72.7% with low and
mixed dose" rate treatnents, respectively. 5-year survival
and local control rates by tumor molume were 68.6% and
80.0% for small tumors, 63.6% and 66.0% for medium
tumors, and 14.4% and 18.2% for large tumors,
respectively. The survival rate and local control rate for
large tumors were significantly lower than those for small
and medium tumors. Multiple regrassion snalysis
indicated that stage and tumor volume were independent
variables for sruvival and local control, respectively. Iso-
effective dose expressed by TDF was not associated with
local control. Radiation complications developed in 10
patiens (17.2%), most of which were moderate degree
comlpocations.

In summary, radiation therapy alone for adenocarci-
noma of the cervix was regarded to be an effective
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treatment comparable to combination therapy of surgery
and radiation therapy.
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Fig.21 Cumulative survival rates for adenocarcinoma of
the cervix by stages.
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54. Deuterium Magnetic Resonance Imaging of
Rabbit Eye in Vivo

Takayuki Obata, Hiroo Ikehira1, Masahisa Koga,
Katsuya Yoshida, Tetsuya Suhara, Fukuko Kimura2,
Yukio Tateno ('Chiba Univ. 2Yokohama City Univ.)
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We used deuterium magnetic resonance imaging (2H
MRI) to visualize water movement in the rabbit eye.
Dynamic 2H MRI was obtained every 3.5 min at 2 tesla
by a FLASH pulse sequence ( TR, 300 ms; TE, 10 ms; a
=90°) with a slice thickness of 10 mm using a surface
coil (4 cm in diameter). After topical administration (0.2
ml D2O), only the aqueous chamber was imaged, and the
signals decreased mono-exponentially. The flow rate was
0.113/min, in agreement with that already reported.

After intravenous administration of deuterated saline
(3ml/kg), the aqueous chamber became visible first
during imaging then by the vitreous body. The signals

around the lens were only faintly detected. Thus,
deuterium MRI was determined to be useful for
visualizing water movement in the eye.

Publications:
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2) Ogino T., et al.: Annals Nucl. Med. 8, 219-224, 1994.

55. Repopulation of Tumour Cells Following
Irradiation with X-rays or Low Energy Neutrons

Sachiko Koike, Koichi Ando, Hiroshi Tsunemoto and
Muneyasu Urano* (*Univ. of Kentucky, U.S.A.)

Keywords: TCD50, hypoxic cells, cell doubling time

The repopulation of C3H mouse mammary carcinoma
cells following X-ray or fast neutron irradiation was
investigated in vivo using TCD50 as an endpoint.
Tumours in the C3H mouse leg were irradiated in air with
an X-ray doses of 9.6, 28.8 or 48.0 Gy, or a neutron dose
of 2.6 or 5.2 Gy, and, various times thereafter, graded X-
ray dose were given under hypoxic conditions to
determine TCD50. Substantial recovery from sublethal
and potentially lethal radiation damages was observed
within 48 h following X-ray irradiation, but less recovery
was found after neutrons. The effective number of
tumourigenic cells was calculated at the time of the
second irrdiation using the TCD50 equation based on the
multitarget model. The effective cell doubling time
following X-rays depended on radiation dose. Re-
population appeared to be faster after small and
intermediate X-ray doses (9.6 and 28.8 Gy) than after the
largest dose, but substantial division delay was observed
after the largest X-ray dose. A significant finding was
that the tumour cells treated with a neutron dose, either
2.6 or 5.2 Gy, appeared to repopulate slightly more
rapidly than those irradiated with X-rays, and the
doubling times following two different neutron doses
were not significantly different. These results suggest the
use of a short overall treatment time for the high LET
radiotherapy, and the need for excercising caution if the
high LET radiation is given before photon doses.

Publication:
Tsunemoto, H., Ando, K., Koike, S. and Urano, M.: Int.
J. Radial. Biol., 65, 255-261, 1994.
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56. Structure of the Groundwater Reservoir
System in Rokkasho Village, Aomori Prefecture

Kiriko Tanaka-Miyamoto, Yoshikazu Inoue,
Tetsuo Iwakura and Takashi Iyogi*

(•Institute of Environmental Science)

Keywords: groundwater, hydrological cycle, residence
time, Rokkasho nuclear site, tritium

The groundwater reservoir system in Rokkasho
Village is located on a large commercial nuclear fuel
cycle site in northeastern Japan. The site was
investigated from the viewpoint of health physics. In
order to calculate the population dose in the area
concerned, it was first necessary to define compartments
and to estimate the transfer parameters in each pathway
of the hydrological cycle. The fallout tritium found in
environmental water was used as a natural tracer.
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Fig.22 A vertical profile of the fallout tritium
concentrations observed in the groundwater in
Rokkasho Village (1991-1993).

Fig. 22 shows a vertical profile of the tritium
concentrations observed in the groundwater in the village
area. There are three groundwater layers. The second
layer, which exists at about 100 m in depth, has the
highest tritium concentration of the three layers. In the
deepest layer the tritium content is so low that fallout
contamination is considered to be limited. This profile is
similar to the groundwater reservoir system found in the
Kanto Plain which is located in the central part of Japan.

In the northeastern part of Japan, the geological
formations consist mainly of diluvial and alluvial soil
with silt or gravel layers. In both the Kanto Plain and the
Rokkasho Village area base rock layers are found at the
tertiary level under these upper layers. The deepest
groundwater layer is considered to have been formed just
under the diluvial formation. It is thus reasonable to
consider that both areas have a similar groundwater
reservoir system structure. There is a difference,
however, between the tritium level in the surface water
in both regions. Tritium concentration in the surface
water in Rokkasho Village is higher than that in the
Kanto Plain.

As shown in the NIRS 1993 Annual Report, the
distribution of tritium concentration in the surface water
in Rokkasho Village has a horizontal gradient. If it is
assumed that the surface water is recharged from
groundwater reservoir layers, the gradient of
concentration in the surface water can be ascribed to
differences in the mixing ratios of the three groundwater
layers. At surface water sampling points where the
second groundwater layer flows out to the surface, there
should be a higher tritium concentration.

It has been reported by geologists that there is a
structural valley in the southwestern part of the village.
This area coincides with the area in which the surface
water tritium concentration is higher than in other areas.
The higher concentration can be easily explained if more
of the second groundwater reservoir layer flows out
through the valley in the southwestern part in the village
than in the other parts of the village. Further
investigation of groundwater in the area is necessary to
determine details of the rain water storage system there,
especially in regards to its residence time underground
and the mixing ratios of each of three groundwater layers
to the surface water.
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57. Dose Estimation by Blood Analysis for
Tritium Exposure

Hiroshi Takeda

Keywords: tritium, bioassay, rat, dose estimation

The present study aimed at develpment of a new
method of bioassay to provide an accurate internal dose
for tritium exposure which would be mainly occurring
through tritiated water. Blood obtained from rats exposed
to tritiated water was analyzed to investigate the validity
for bioassay samples by comparing with the analysis of
internal organs. The rats were exposed to tritiated water
by single or continuous ingestion and at various times
during or after the exposure the concentrations of total
tritium and organically bound tritium (OBT) in the blood
and several internal organs were determined.

The concentrations of total tritium in the rat blood
after a single ingestion varied with time in a similar

pattern, but were at a little higher level as compared with
the majority of internal organs. As far as OBT is
concerned, the concentration level was somewhat lower
in an early time period after a single ingestion, but on and
after the 20th day a little higher concentration was
observed in blood than in any internal organs.

When the cumulative doses estimated for 100 days
after single ingestion were compared between blood and
the internal organs, it was found that blood received a
relatively higher dose than internal organs. The dose rate
estimation on the 22nd day and 95th day of continuous
ingestion also showed that the dose rate to the blood was
fairly higher than that to the internal organs. The results
of dose estimation are shown in Table 7. These results
indicate that the dose estimation by blood analysis leads
to some overestimation of internal dose, but the method
would be sufficiently useful to provide a conservative
value from the viewpoint of radiation protection.

It was also found that the concentration ratio of OBT
to total tritium in the blood gives important information

Table 7. Radiation doses to blood and other internal organs of rats singly or continuously exposed to tritiated water.

Tissue
Cumulative dose(mGy)a for 100 days

after a single ingestion
Dose rate(mGy/day)b at the continuous ingestion

on the 22nd day on the 95th day

Liver
Kidney
Testis
Spleen
Lung
Heart
Intestine
Muscle
Brain
Blood

12
12
13
12
11
11
12
12
12
15

0.46
0.47
0.48
0.44
0.42
0.41
0.42
0.47
0.47
0.62

0.16
0.17
0.20
0.18
0.16
0.17
0.16
0.17
0.17
0.24

a The cumulative doses were calculated for 100 days after a single ingestion of tritiated water of 37kBq/g body
weight.

b The dose rates were calculated assuming that tritiated water was given to each rat with an activity of 37kBq/g body
weight for the continuous ingestion.

for understanding the situation of the exposure. In the
case of single ingestion, the concentration ratio changed
with time, ranging from about 0.05 to 5. The value of
unity was observed 20 days after ingestion, indicating
that the concentration of tritium in both aqueous and
organic fractions of blood became the same on this day.
This finding may make it possible to estimate the time of

exposure. When tritiated water was continuously
ingested, the concentration ratio at equilibrium was
consistently about 0.2. This information on the
concentrations of total tritium and OBT in the blood and
on their ratios will be helpful for making reliable dose
estimation.
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58. The Effects on Blood and Tissues in Rats
after the Long-term Administration of a
Chitosan Diet

Yoshito Watanabe, Yoshikazu Nishimura
and Masae Yukawa

Keywords: chitosan, trace elements, blood properties, rat

Chitin is composed of ,3 -(\— 4)-linked N-
acetylglucosamine residue and is a widely distributed
polymer in nature. Chitosan is a polysaccharide obtained
by partial deacetylation of chitin. We previously reported
that chitosan feeding accelerated the excretion of 85Sr in
rats. The adsorption of 85Sr on chitin and chitosan was
relatively low, however, for in vitro experiments. These
results suggest that the reduced retention of 8 'Sr in the
rats is not caused by ion exchange between strontium and
calcium. The adsorption of radiostrontium is probably
modified by coexisting materials, i.e. calcium and
phosphorus in the gastrointestinal tract. This being so,
chitosan could possibly be used to reduce the
bioavailability of radiostrontium in food ingested by
humans.

For its practical application to humans after a nuclear
accident, it is necessary to ensure that the long term
ingestion of chitosan does not pose significant health
risks. In our previous study, we reported the effects on rat
tissue after feeding for 90 days. In the present study, the
influence on blood and tissues was observed for more
than a year while the feeding of chitosan took place.

Female Wistar strain rats were supplied with a diet

containing a 5% concentration of chitosan. Rats were
sacrificed after 450 days, and blood and tissue samples
were collected. The concentration of various elements in
the samples was analyzed using ICP-AES. The levels of
components in the blood such as hemoglobin, hematocrit,
protein, ammonia, urea, glucose, lactate and total lipid
were measured by established methods. Blood plasma
level measurements for parathormone, calcitonin and
prostaglandin were carried out using the RIA-2 antibody
method or the RIA-polyethylene-glycol method.

In the chitosan fed rats, the concentration of glucose and
urea in the blood plasma was somewhat higher than in the
control group. The reverse trend was observed for lactate
and total lipid. The concentration of phosphorus and
potassium in the blood was lower too, but for most of the
other elements, there was relatively little change.
Calcium concentration in the muscle tissue decreased
significantly (Fig.23), and so did the concentration of
calcitonin, the hormone related to calcium metabolism.
These changes in the concentration of calcium and
calcitonin suggest that chitosan feeding may effect the
metabolism of calcium, although no change was observed
in the concentration of calcium in blood and other tissues
including bone. These tendencies are almost in agreement
with the previous results obtained from the rats fed
chitosan for 90 days. The results of the present study
indicate that chitosan feeding has an effect on the
bioavailability of some elements. The effect is, however,
not considered to be serious because the observed
changes in the concentrations of the elements were
relatively small in both the blood and the tissues .

P . 7 1 Fig.23 Ca concentration in rat blood and tissues 450 days after being fed a chitosan diet.
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Publication: Nishimura, Y. et al.: Radial Protect. Dosim., 53,331-334,1994.
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59. Comparison of Risk Perception on Industrial
and Social Events among Three Different
Groups of People Who Are Engaged in
Education and Research Activities in Japan

Reiko Kanda, Kenzo Fujimoto and Sadayoshi Kobayashi

Keywords: risk perception, risk ranking, Japanese public

Risk assessment on technologies and social activities
involves subjective judgment as one of its major
components, which depends on the perception of risk by
individuals. The present study tried to examine degree of
difference in risk perception, by means of ranking of risks
as perceived by individual persons.

Subjects were female clerical workers and male and
female researchers who were working in National
Institute of Radiological Sciences, and mafle and female
teachers in elementary and junior high schools (see Table
8 ). In order to find any effect of time, the results of two
separate trials which were made in 1983 and 1992-93
were compared. Subjects were interviewed and asked to
rank 30 items of various types of technology and human
activities, according to their subjective judgments on the
order of perceived magnitude of risk. The order of
perceived risks in a group was determined based on the
geometric average of rank for each item. The order of
technical risk estimates was obtained as an objective
estimation based on the annual contribution to the
number of deaths in the U.S. A.

The rank of perceived risks was found to be
considerably different from that of technical risk
estimates. Nuclear power, food coloring, food
preservatives, pesticide and antibiotics were judged
riskier in general than the objective estimation. This
finding was clearly seen in the female clerical workers
group. On the other hand, all groups judged the risks of
smoking, alcoholic beverages, electric power, swimming
and railroads to be considerably lower than their technical
estimates.

There were strong differences in the order of perceived
risk among the three groups. The female workers viewed
food additives and medical supplies, e.g., food
preservatives, food coloring, antibiotics and X-rays as
riskier than did the researcher group, while the perception
was reversed for sports, e.g., mountain climbing and
skiing. Perception by the group of school teachers was
found to be similar to that of the female workers rather
than that of the researchers.

Table 8. Comparison of order of perceived risk in 1983
with that in 1992-1993

Items of risk

Smoking

Alcoholic beverages

Motor vehicles
Handguns

Electric power

Motorcycles

Swimming

Surgery

X-rays
Railroads

Private aviation

Large construction
Bicycles

Hunting

Home appliances

Fire fighting

Police work

Contraceptives

Commercial aviation

Nuclear power

Mountain climbing

Power mowers
Football

Skiing

Vaccinations

Food coloring

Food preservatives

pesticides

Antibiotics

Spray cans

Technical
estimate*

1

2
3

4

5

6
7

8

9

10
11

12

13
14

15

16

17

18

19

20

21

22
23

24

25

26

27

28

29

30

Female workers

1983

8
17
->

1

24

3

26

11

18

25

5

16

20

14

30

10

7

19

13

4

21

28

29

27

22

9

6

15

12

23

1992-1993
8

21

7
2

25

10

30

14
5

">">

11

13

24

18

27

17

12

19

15

1

23

26

28

29

16

6

3

9
4

20

M&F
Reseachers

1983
5

13
1

4

26
->

16

6

22

18

9
3

7

14

30

10

11

23

15

28

8

27

29

25

21
17

19

12

20
24

1992-1993
12

22

10

1

28
->

26

6

13

27

3

7

25

1 1

30

8

4

21

15

5

9

20
16

19
24

18
17

14

23

29

M&F
Teachers
1992-1993

8

20

9

1

26

5

30

17

10

22

4

13

25

14

29

16

12

18

15

2

23
24

28

27

19
11

3

6

7

21

*Rank 1 represents the riskiest activity or technology.

The ranks of perceived risk of traffic vehicles were
lower in 1992-93 than that in 1983 for both groups of
female workers and researchers. On the other hand, the
ranks of nuclear power and X-rays rose significantly
during the last decade for the female workers group.
When the Chernobyl Nuclear Power Plant accident
occurred in 1986, catastrophic on-site situations were
repeatedly reported in Japan by various mass media,
which should have influenced public perception of risk of
nuclear power. It was also found for the researchers, who
were dealing with radiation and should be expected to be
familiar with radiation health effects, that they judged
nuclear power to be riskier than they had judged it in
1983.

Publication:
Kanda, R., Fujimoto, K. and Kobayashi, S.: Japanese

Journal of Risk Analysis, 6, 88-95, 1994.
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60. Determination of 129I and 127I in Chernobyl
Soil

Yasuyuki Muramatsu and Satoshi Yoshida

Keyword: radioiodine, soil, Chernobyl studies

Iodine-131 is regarded as one of the most significant
radionuclides released from the Chernobyl accident. It
has been reported that increased numbers of thyroid
cancers found in children in Byelorussia is probably an
effect of the 13II released from the reactor accident. For
an epidemiological study related to the Chernobyl
accident, it is neccessary to have data both on the thyroid
disorder cases and on the I31I levels of each region after
the accident. Because only limited reliable measurements
of this and other nuclides were conducted in the former
Soviet Union after the accident, it is no longer possible to
detect 131I from the reactor because of its short half-life of
8 days. So reconstruction of the radiation doses received
by inhabitants from the 131I contribution is very difficult.
Since the long-lived 129I shuld also be produced in fuels
in the reactor and released into the environment together
with 13!I, it might be possible to estimate the 131I levels
deposited in soil through measurements of 129I.

A soil sample contaminated by Chernobyl fallout was
obtained from the IAEA. It was collected in the Brjansk
region in 1990 and prepared by the IAEA as a reference
material (Soil-375). We have participated in the
intercomparison program organized by IAEA to establish
certified values for 129I and other nuclide concentrations.
Concentrations of 129I and 127I in this sample were
determined by means of radiochemical neutron activation
analysis (RNAA). Concentration of 137Cs was measured
with a Ge detector coupled to a multi-channel analyzer.

Analytical results for I29I, I27I and l37Cs in this soil are
shown in Table 9. The mean value of our three
determinations for 129I was 1.6 mBq kg"1 (or 12X108

atoms g"1). For an IAEA report on the intercom-
parison program, 11 laboratories, including our
laboratory, provided data on this nuclide. IAEA
evaluated them and established a recommended
value of 129I as 12.2X 108 atoms g"1 for 129I. Our value
agreed well with this velue. The reproducibility of the
three determinations was also satisfactory; i.e. standard
deviation was 3%. The concentration of 137Cs (5180 Bq
kg"1) measured in this sample was about two orders of
magnitude higher than that observed in common surface
soils in Japan.

Both the 129I concentration (1.6 mBq kg"1) and the
129I/127I ratio (1.7X 10"7) measured in the IAEA Soil-375
sample were higher than the respective values obtained
before the Chernobyl accident in areas far from nuclear

facilities in Japan, e.g. Nagano: 0.13 mBq kg"1 or 6.5X
10"9; Tokyo: 0.78 mBq kg"1 or 6.0X 10"9. This suggested
the possibility that I29I levels around the Chernobyl
reactor have been enhanced by the release of the nuclide
by the accident. If so, the analysis of I29I in soil may
contribute to evaluating the 13II levels at the time of
accident. Since there is some contribution to the I29I
levels in the environment due to nuclear weapons testing,
it is necessary to analyze many more samples to the
effectiveness of the 129I measurements for the dose
reconstruction.

Table 9. Concentrations of I 2 9I, I27I and l37Cs, and
129I/127I ratios in a soil sample (IAEA soil-375)
contaminated by Chernobyl fallout

1291 127]
(mBq kg"1) (mgkg"1)

129iyl27j
(ratio)

137Cs
(Bqkg-1)

Run-1

Run-2

Run-3

1.65

1.60

1.56

1.28

1.30

1.50

1.88X10"7

1.79X10"7

1.51 X10"7

5150

5240

5070

Mean 1.6±0.05 1.3610.12 1.72X1Q-7 5180±52

61. Concentrations of Thorium and Uranium in
Freshwater Samples Collected in the Former
USSR

Kunio Shiraishi, Yasuhito Igarashi1,
Masayoshi Yamamoto2, Toshiyuki Nakajima,

Ivan P. Los3, A. V. Zelensky3, M. Z. Buzinny3

('Meteorolog. Res. Inst., 2Kanazawa Univ., 3Ukra. Sci.
Cent, of Radiat. Med.)

Keywords: Chernobyl studies, thorium, uranium, isotope
ratios, 1CP-MS

Since the Chernobyl accident much information in
many countries has been accumulated concerning
radiation protection. Knowing concentrations of
radioactive nucluides in drinking water sources in the
former USSR is important for dose estimation of its
inhabitants. Approximately one hundred freshwater
samples were collected in Ukraine, Russia, and
Belorussia with regard to the Chernobyl accident.
Concentrations of nineteen elements in the same
freshwater samples were previously reported (Shiraishi,
et al., 1993). In this report, sample concentrations of
thorium and uranium were determined by both
quantitative and semiquantitative analysis modes of ICP-
MS. Furthermore, isotope ratios of uranium are discussed
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from the viewpoints of contamination due to the
Chernobyl accident.

The ICP-MS instrument used was a Yokogawa Model
PMS2000. Specifications and operating conditions for
the quantitative mode have been detailed elsewhere
(Shiraishi, et al., 1994). A calibration curve was prepared
using five concentration levels of the standard solutions,
0, 10, 50, 100, and 1,000 pg/ml, in addition to the internal
standard (2O9Bi). Conditions for the semiquantitative
mode were reported in publication 1).

Concentration of 232Th and 238U in 102 water samples
were determined in the semiquantitative mode without
dilution and chemical separation. In a few samples, 232Th
was detected. The mean and median were found to be
0.49 ± 4.1 ng/ml and non-detectable, respectively. In this
statistical calculation,values below the non-detectable
level were taken as zero. The global range and median of
232Th in freshwater have been reported as 0.007-0.1 and
0.03 ng/ml. Another study has found a value of 0.1 ng/ml
for river water. The level of 232Th in most of the samples
analyzed was similar to the global levels except for a few
samples (e.g. 40 ng/ml in Krasnodr). For 238U,
concentrations ranged from non-detectable to 1,000
ng/ml. Mean and median concentrations were found to
be 30.7 ± 139 and 0.7 ng/ml, respectively. Literature
values of 238U have been reported in the range of 0.002 to
5 ng/ml, and the median was 0.4 ng/ml. Global means,
0.04 and 2.0 ng/ml, also have been reported. The
concentration level of 238U in the samples collected in the
former USSR was closer to the higher global values. If
the freshwater samples in this area had been
contaminated, ratios of 234U/238U and 235U/238U would
be increased compared with those of uncontaminated
areas. Therefore, the isotope ratios of uranium were
studied from this viewpoint.

Isotope ratios of 234U/238U and 235U/238U were
measured by the quantitative mode. The freshwater
samples having 238U concentration above a few ji g/ml
were chosen. A mass spectrum in the profile mode is
shown in Fig. 24 for well water collected in Therkassy.
Ratios of 23-'iU/238U in the samples analyzed had almost
the same values (0.00721 ±0.00006) and were identical to
natural abundance (0.00720). Ratios of 234U/ 238U were
found to cover a wide range from 4.55 X 10'5

(radioactivity ratio, 0.83) to 4.38X104 (radioactivity
ratio, 8.0). Radioactivity ratios from 1 to 3 and a global
average of 1.9 have been reported in the literature.
Although high values were found in several samples, the
present mean value, 1.92 was similar to the global value.
Those higher ratios of 234U/238U may be explained by the
alpha-recoil effect caused on decay of the parent 238U.
Relative standard deviations (RSDs) of the ratios,
234IJ/238U a n d 235U/238TJ w e r e w j t h i n +47% a n d +]7%,
respectively. Better RSDs would be obtained by using a
longer ICP-MS analysis time. The results show that the
high levels of 238U concentration is are not due to the

Chernobyl accident, but rather to mining activity and
geological sources, since the ratios of 23<iU/238U were not
especially higher than that for natural abundance.

In conclusion, no relationship between the Chernobyl
accident and high 238U levels in the freshwater samples
collected in the vicinity of the reactor was found. The
present work is one the best examples to show that ICP-
MS is a versatile analytical method for highly sensitive
elemental analyses and comprehensive surveys of
elements present in many type of environmental samples.

230 231 232 233 234 235 236 237 238 239 240

Mass number, m/e
Fig.24. Mass spectrum of well water collected in

Therkassy, Ukraine. It was obtained in the
profile mode. Integration times for 232Th, 234U,
235U and 238U were 10, 40, 20, and 10 seconds,
respectively.

Publications:
1) Shiraishi,K., Nakajima,T., Takaku.Y., Tsumura,A.,
Yamasaki,S., Los,I.P.,Kamarikov,I.Y., Buzinny,M.G.,
Zelensky.A.V.: J.Radioanai Nuc. Chem. Art., 173, 313-
321, 1993.
2) Shiraishi,K., Igarashi.Y., Yamamoto,M., NakajimaX,
Los,I.P., MG., Zelensky, Buzinny.M.G.: J.Radioanai.
Nuc. Chem. An, 185, 157-165, 1994.

62. Accumulation of Radionuclides by Brackish
Water Fishes

Motokazu Nakahara, Ryoichi Nakamura and
Toshiaki Ishii

Keywords: brackish water fish, bioaccumulation
parameters, Sr-85,1-125, Cs-137

Uptake and loss of Sr-85, 1-125 and Cs-137 by
brackish water fishes were observed in laboratory
experiments and the effect of salinity on the accumulation
of the nuclides by the fish was also examined. The
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brackish water fishes used in the experiments were
chestnut goby Chaenogobius castaneus (average body
weight: l.ll±0.19g) and starry flounder Platichthys
stellatus (average body weight: 10.3±3.4g). The fishes
were collected from a brackish water lake, Obuchi-numa
in Rokkasho Village, Aomori Prefecture where a nuclear
fuel reprocessing plant is under construction.

After becoming acclimatized to the experimental
conditions, the fishes were allowed to take up the
nuclides for 6 days in a tank containing the brackish
water of Obuchi-numa spiked with the radionuclides.
Then the fishes were transferred into non-radioactive
brackish water and their loss of the nuclides was obseved
for 52 days. Salinity of the brackish water corresponded
to about 50% sea water. During the uptake and loss
experiments, the radioactivity of each nuclide in the
fishes was periodically measured by high purity Ge y -ray

detector equipped with a 4000 channel pulse height
analyzer.

Bioaccumulation parameters such as concentration
factors at steady state, uptake rate constants, excretion
rate constants and biological half-lives of the nuclides by
the fishes were estimated by applying exponential
functions on the uptake and loss curves of the nuclides.
Concentration factors and biological half-lives of the
nuclides by the fishes were shown in Table 10.

To know the effect of salinity on the accumulation of
the nuclides by brackish water fish, uptake and loss of the
nuclides by chestnut goby were examined in 10, 40 and
80% seawater. Among the nuclides, a salinity effect was
observed for Sr-85 and 1-125 on their accumulation by
the goby. The concentrations of these nuclides were
enhanced with decreasing salinity.

Table 10. Concentration factors (CF) and biological half lives (Tbi/2) of radionuclides for brackish water fishes (from water
at20°C)

Chestnut goby

Starry flounder

CF
Tb 1/2 (day)

CF
Tb 1/2 (day)

Sr-85

7.9
110

48.1
500

1-125

50.6
24

13.6
11

Cs-137

8.6
68

8.5
34

!®f t BLJU
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Organization and Staff

Status of March 31,1995
Yasuo Hirao, M. D., Director-General

Takako Kanayama, Secretary
Koki Sato, M. D., Deputy Director-General

Division of Physics
Norimasa Nohara, Ph.D., Derector
Mitsue Takeshita, Secretary

Medical Imaging
Mikio Yamamoto, Ph.D., Section Head
Hideo Murayama, Ph.D.
Mleko Kurano, B.S.
Tomoko Kokado, B.S.
Masako Nishikawa
Hinako Toyama, Ph.D.tt
Keiichi Nishikawa .B.S.ft
Yuichi Kimura, Ph.D.tt
Hideya Fukuoka, M.E.tt

Radiation Dosimetry
Takeshi Hiraoka, Ph.D., Section Head
Kazuo Hoshino, Ph.D.
Akifumi Fukumura, B.S.
Hans Bichsel, Ph.D.t
Suoh Sakata, Ph.D.tt
EirinTani, B.S.tt

Radiation Protection
Yoshikazu Kumamoto, Ph.D., Section Head
Akihiro Shiragai, B.S.
Yutaka Noda, B.S.
Takashi Maruyama, Ph.D.*
Kazuo Iwai, D.D.S.tt

Applied Radiation Physics
Takehiro Tomitani, Ph.D., Section Head
Hiroshi Yamaguchi, Ph.D.
Tokusaburo Koshijima, B.S.*
Tatsuaki Kanai, Ph.D.*

Senior Research Counselor
Eiichi Tanaka, Ph.D.
Katsuhiro Kawashima, Ph.D.

* Dual Capacity
** On leave of absence
t Visiting Scientist
t t Research fellow
t t t National Institute Post Doctoral Fellow
t t t t Guest Scientist

Division of Chemical Pharmacology
Toshihiko Ozawa, Ph.D., Director
Mieko Tanaka, Secretary

Radiation Biochemistry
Shinji Matsumoto, Ph.D., Section Head
Yoshie Shimazu, B.S.
Masako Furuse

Biomimetic Chemistry
Toshihiko Ozawa, Ph.D., Section Head*
Nobuo Ikota, Ph.D.
Jun-ichi Ueda, Ph.D.
Kazunori Anzai, Ph.D.
Hideo Utsumi, Ph.D.tt
Naoki Miyata, Ph.D.tt
Tetsuo Nagano, Ph.D.tt
Mikinori Kuwabara, Ph.D.tt
Junzo Hirose, Ph.D.t

Molecular Pharmacology
Kazuko Tsuneoka, Ph.D., Section Head
Hiroshi Ishihara.Ph.D.
Izumi Tanaka

Biochemical Pharmacology
Hiroshi Inano, Ph.D., Section Head
Keiko Suzuki.Ph.D.
Hiroko Ishii-Ohba, Ph.D.
Makoto Onoda,Ph.D.
Hiroshi Yamanouchi, Ph.D.t

Senior Research Council
Mikio Shikita, Ph.D.

Division of Biology
Kouichi Tatsumi, MD., Ph.D., Director
Nobuko Takemura, Secretary

Comparative Biology
Yasuko Hyodo-Taguchi, Ph.D., Section Head
Yuji Ishikawa, Ph.D.
Tomohisa Hirobe, Ph.D.
Masahiko Takahagi, Ph.D.
Kazuko Aoki, Ph.D.*

Cellular and Development Biology
Osami Yukawa, Ph.D., Section Head
Ikuko Furuno-Fukushi, Ph.D.
Tomoyasu Higashi, M.S.
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Chidori Muraiso, B.S.
Tetsuo Nakajima, M.S.

Molecular Biology
Mitsuo Zama, Ph.D., Section Head
Sachiko Ichimura, Ph.D.
Kazuei Mita, Ph.D.
Mitsuru Nenoi, Ph.D.*

Division of Genetics
Tada-aki Hori, Ph.D., Director

Molecular Genetics
Mitsuoki Morimyo, Ph.D., Section Head
Hiroko Hama-Inaba, Ph.D.
Etsuko Hongo

Somatic Cell Genetics
Tetsuya Saeki, Ph.D., Section Head
Hideo Tsuji, Ph.D.
Masatake Yamauchi, Ph.D.
Satsuki Tsuji

Mammalian Genetics
Tadahiro Shiomi, Ph.D., Section Head
Yoshinobu Harada, Ph.D.
Toshiyuki Saito, Ph.D.
Masanori Okamoto, Ph.D.

Human Population Genetics
Tada-aki Hori, Ph.D., Section Head*
Yoichi Matsuda, Ph.D.
Takashi Imai, Ph.D.
Hiroko Ito

Division of Physiology and Pathology
Hiroshi Otsu, M.D., Director
Masako Kimura, Secretary

Molecular Lymphomagenesis and Radiation
Immunology

Masahiro Muto, Ph.D., Section Head
Shiro Aizawa, Ph.D.
Eiko Kubo
Hitoko Kamisaku
Toshimichi Ikemura, Ph.D.t
Masanobu Kitagawa, M.D.ft
Yoshinori, Ikarashi, Ph.D.t

Radiation Carcinogenesis
Tohru Inoue, M.D., Section Head
Hisako Sakiyama, M.D.
Takeshi Furuse, M.D.
Kazuko Yoshida.M.D.
Yuko Noda
Kumie Nemoto
Yasunori Okada.M.D.f

Radiation Pathology of Prenatal and Juvenile Mammals
Shunsaku Sasaki, Ph.D., Section Head

Experimental Carcinogenesis
Toshiaki Ogiu, M.D., Section Head
Shigeru Kobayashi, M.D.

Yoshiya Shimada, Ph.D.
Mayumi Nishimura
Fumio Suzuki, Ph.D.t

Senior Research Counselor
Toshihiko Sado, Ph.D.

Division of Radiation Hazards
Koki Sato, M.D., Director*
Takeo Odaka, Secretary

Differentiation and Cell Function
Koki Sato, M.D., Section Head*
Eiichi Kojima, Ph.D.
Kaoru Tanaka, B.S.
Masahiko Mori, Ph.D.

Human and Mammalian Cytogenetics
Isamu Hayata, Ph.D., Section Head
Masako Minamihiasmatsu, B.S.
Akira Furukawa, M.S.

High LET Radiobiology
Koki Sato, M.D., Section Head*
Kiyomi Eguchi-Kasai, Ph.D.
Hiromi Itsukaichi
Masahiro Murakami, Ph.D.
Kumiko Fukutsu, B.S.

Divisio of Radiotoxicology
Jiro Inaba, Ph.D., Director

Metabolism and Decorporatin
Sentaro Takahashi, Ph.D., Section Head
Hiroshi Sato, Ph.D.
Yoshihisa Kubota, D.V.M.
Chihiro Koshknoto, Ph.D.t

Dosimetry of Internal Exposure
Nobuhito Ishigure, Ph.D., Section Head
Takashi Nakano, Ph.D.
Hiroko Enomoto

Experimental Pathology
Yoichi Oghiso, D.V.M., Ph.D., Section Head
Satoshi Fukuda, D.V.M., Ph.D.
Yutaka Yamada, D.V.M., Ph.D.
Haruzo Iida

Safety Engineering
Akira Koizumi, B.S., Section Head*
Yuji Yamada, Ph.D.
Katsuhiro Miyamoto

Senior Research Counselor
Osamu MatsuokaJPh.D.

Division of Environmental Health
Masafumi Uchiyama, Ph.D., Director
Kazuko Kodaira, Secretary

Source and Dosimetry of Natural Radiation
Kazunobu Fujitaka, Ph.D., Section Head
Masahide Furukawa, Ph.D.
Masaki Matsumoto, M.S.
Shinji Tokonami, Ph.D.
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Internal Radiation Dose Assessment
Yoshikazu Nishimura, D.V.M., Ph.D., Section Head
Ken-ichi Kimura, M.S.
Shozo Hongo, B.S.*
Masae Yukawa, Ph.D.
Yoshito, Watanabe, Ph.D.

Environmental Transfer and Biokinetics
Yoshikazu Inoue, M.S., Section Head
Hiroshi Takeda, Ph.D.
Kiriko Miyamoto, Ph.D.
Shoichi Fuma, M.S.

Chemical Behavior of Radionuclides
Michiko Abe, Ph.D., Section Head
Katsumi Kurotaki, Ph.D.
Kiyoko Imai, Ph.D.*
Sadao Shibata, B.S.
Hiroshi Takeshita, B.S.*

Senior Research Counselor
Masaharu Okano, Ph.D.
Tetsuo Iwakura, B.S.
Kazuo Watari, Ph.D.
Takayuki, Nakashima, Ph.D.f
LÜ Hui-min f t

Division of Technical Services
Takashi Yamada, Director

Section of Technical Maintenance
Minoru Miwa, B.S., Head and 14 Staff Members

Computer Center
Shozo Hongo, B.S., Chief
Eiko Takeda and 1 Staff Member

Service for Radiotoxicology
Akira Koizumi, B.S., Chief
Satoshi Fukuda, D.V.M.,Ph.D.* and 4 Staff Members

Section of Radiation Safety
Nobuyasu Suzuki, Section Head and 12 Staff Members

Section of Laboratory Animal and Plant Husbandry
Shunsuke Sato, Section Head

Breeding
Satoru Matsushita, D. V.M., Ph.D. and 6 Staff Members

Laboratory of Veterinary Pathology and Microbiology
Junji Yamagiwa, D.V.M., Ph.D., Chief
Chizuko Naruke

Laboratory of Animal Development
Masayuki Kitazume, D.V.M., Chief
Masanori Okamoto, Ph.D.
Naomi Nakagata, M.D.fttt

Training School
Takashi Maruyama, Ph.D., Director

Scientific Office
Hisamasa Joshima, Ph.D. Section Head
Kazuko Aoki, Ph.D.
Mitsuru Nenoi, Ph.D.
Susumu Kinpara, Ph.D.

Administrative Office
Tatsuo Fuchigami, B. S. and 2 Staff Members

Safety Analysis Unit
Sadayoshi Kobayashi, Ph.D., Director
Kenzo Fujimoto, Ph.D., Section Head
Yuji Nakamura, Ph.D., Section Head**
Kanae Nishizawa, Ph.D.
Masahiro Doi, Ph.D.
Reiko Kanda, Ph.D.
Tetsuo Ishikawa, B.S.
Shinji Yoshinaga, M.S.

Director of Special Research
Norikazu Yasuda, Ph.D.

Research Center of Charged Particle Therapy
Kouzo Monta, M.D., Director General

Section of General Services
Masaru Kikuchi, Section Head and 14 Staff Members

Section of Accelerator Operation
Hirotsugu Ogawa, B.S.*, Section head
Takanobu Yamade, B.S.
Kazutoshi Suzuki, Ph.D.
Yoshikazu Kumamoto, Ph.D.*
Satoru Yamada, Ph.D.* and 7 Staff Members

Accelerator Operation Office
Eiichi Takada, Ph.D., Head and 3 Staff Members

Technical Management Office
Yukio Sato, Ph.D., Head and 1 Staff Member

HIMAC Machine Time Coordinator
Fuminori Soga, Ph.D.*
Koji Noda, Ph.D.*
Toshiyuki Kohno, Ph.D.*

Division of Radiation Medicine
Hirohiko Tsujii, M.D., Director

©Section of Clinical Oncology
Shinroku Morita, M.D., Section Head
Mizuho Sakurai, Secretary

Medical Affairs
Minoru Mukai, M.D.
Susumu Kubota, M.D.
Tomohisa Yasukawa, M.D.
Hisayuki Aoyagi, M.D.
Akira Yokota, M.D. and 3 Residential Doctors

Particle Oncology
Tadaaki Miyamoto, M.D.
Takashi Nakano, M.D.
Shinichiro Sato, M.D.
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Shosuke Matsuoka, M.D.
Tadashi Kamata, M.D.
Atsuro Terahara, M.D.

Laboratory of Medical Physics
Yuzuru Nakamura Ph.D. and Shigeo Furukawa

Pharmacy
Shin Watanabe and Midori Agatsuma

Clinical Radio-Technology
Kunio Sakashita and 9 Staff Members

©Section of Diagnostic Radiology and Clinical
Laboratory

Atsuo Akanuma, M.D., Section Head
Diagnostic Radiology

Junetsu Mizoe, M.D.
Hirotoshi Kato, M.D.
Masahisa Koga, M.D.
Kyosan Kan, M.D.

Clinical Examination Technology
Tadashi Miura and 4 Staff Members

(DSection of Nursing
Yuko Tatsuta, Section Head
Setsuko Fujimori
Etsuko Okazaki
Fusako Kitane
Chiemi Murakami and 27 Staff Members with 4 Assistants

Division of Clinical Research and Radiation Health
Atsuo Akanuma, M.D., Director
Taiko Joshima, Secretary

Radiopharmaceuticals and Radiopharmacology
Osamu Inoue, Ph.D.
Toshiaki Irie, Ph.D.
Kiyoshi Fukushi, M.S.
Masaomi Iyo, M.D.*
Kaoru Kobayashi, M.D.**
Hiroyuki Tadokoro, M.D.*
Yasuyoshi Watanabe, M.D.
Takahiro Onoe, Ph.D.**
Tomomi Ishidsuki, M.D.**
Syunichi Wakahara, M.D.**
Keiichi Nakagawa, M.D.**
Hiroki Numba, M.D.**
Shigenobu Kanba, M.D.**
Takayuki Nakano**
Jun-ichi Ishida, Ph.D.**
Kenji Mori**
NobuhikoTakai**

Bio-medical Physics and Engineering
Kenjiro Fukushisa, B.S., Section Head
Toru Matsumoto, Ph.,D.
Katsuyoshi Tabushi, Ph.,D.::
Yoshihisa Akiyama.Ph.D.**

Diagnostic Imaging Research
Katsuya Yoshida, M.D., Section Head

Tetsuya Suhara, M.D.
Hiroshi Fukuda, M.D.*
Fumio Shishido, M.D.*
Franck Girard, Ph.D.**
Takayuki Obata, M.D.**
Yasuhiko Sudo, M.D.**
AkiraTakami, M.D.**
Yoshiro Okubo, M.D.**
Hiroyuki Tadokoro, M.D.**
Kazuhiro Shimada, M.D.**
Shinobu Kitsukawa, M.D.**
Akiyo Aotsuka, M.D.**
Yasunori Imai, M.D.**
Toshiharu Himi, M.D.**
Masato Asahina, M.D.**

Radiation Therapy Research
(Experimental Radiotherapy)

Koichi Ando, D.D.S., Ph.D., D.M.Sc, Section Head
Sachiko Koike
Wakako Shimizu, M.D.**
Masashi Kimoto, M.D.**
Masayuki Iizuka, M.D.**
Shigeru Yamada, M.D.**
Koiji Ono, M.D.**
Shin-ichi Hori, M.D.**
Takashi Kiuchi, M.D.**
Takashi Aruga, M.D.**
Keiich Nakagawa, M.D.**
Mayumi Iwakawa, M.D.**

Senior Research Councelor
Nobuo Fukuda, M.D.

Clinical Hematology
Makoto Akashi, M.D., Section Head
Yoshiko Kawase, B.S.
Misao Hachiya, B.S.

Clinical Immunology
Gen Suzuki, M.D., Section Head
Harumi Ohyama, Ph.D.
Akiko Uzawa, B.S.
Masako Nose, B.S.
Harutoshi Kisaki, M.D.**
Yukihisa Miyaji, B.S.**
Yoshiro Aoki, M.D.

Division of Accelerator Physics and Engineering
Kiyomitsu Kawachi, Ph.D., Director

Low Energy Beam Research
Hirotsugu Ogawa, B.S., Section Head
Takeshi Murakami, Ph.D.
Atsushi Kitagawa, Ph.D.
Tadanori Minamisono, Ph.D.ftt
Jyun Yoshizawa, M.E.t t t t
Takanobu Yamada, B.S.*
Yukio Sato, Ph.D.
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Kazutoshi Suzuki, Ph.D.*
High Energy Beam Research

Satoru Yamada, Ph.D., Section Head
Masayuki Kumada, M.S.
Mitsutaka Kanazawa, Ph.D.
Koji Noda, Ph.D.
Eiichi Takada, Ph.D.*
Akifumi Itano, Ph.D.tttt
Kenji Sato, Ph.D.ttt t
Akira Mizobuchi, Ph.D.tttt
Satoru Matsumoto, Ph.D.ttt t
Kuninori Endo, Ph.D.tttt
Akira Noda, Ph.D.tttt
Natsuji Araki, Ph.D.tt

Medical Physics Research
Fuminori Soga, Ph.D., Section Head
Masahiro Endo, Ph.D.
Tatsuaki Kanai, Ph.D.
Hiroko Koyama-Ito, Ph.D.
Toshiyuki Kono, Ph.D.
Yoshiya Furusawa, Ph.D.
Shinichi Minohara, Ph.D.
Nobuyuki Miyahara, Ph.D.
Katsuyuki Nishimura, Ph.D.ttt t
Yoichi Yoshida, Ph.D.ttt t
Michio Sudo, M.S.t t t t
Hiromi Tomura.Ph.D.tttt
Naruhiro Matsufuji, M.E.t t t t
Yukimasa Aoki, M.D.*
Masatsugu Yamashita, M.D.*
Tetsuo Inada, Ph.D.*
Eizo Fukaya*
Yoshikazu Kumamoto, Ph.D.*
Takashi Maruyama, Ph.D.*
Koichi Ando, D.D.S., Ph.D.*
Yuzuru Nakamura, M.D.*
Junetsu Mizoe, M.D.*
Shinroku Monta, M.D.*
Kunio Sakashita*
Masami Torikoshi, Ph.D.tt

Division of Administration
Kimihiko Oda, Director

Section of General Affairs
Eiju Nakamura, Section Head and 14 Staff Members

Section of Accounting
Hiroshi Ogawa, Section Head and 20 Staff Members

Section of Planning and Information
Tohru Nakahara, Section Head and 13 Staff Members

Laboratory for Radioecology, Nakaminato
Yuzuru Suzuki, Ph.D., Laboratory Director

Section of Administrative Services
Yoshio Hasegawa, Section Head and 6 Staff Members

Division of Radioecology
Toshiyuki Nakajima, Ph.D., Diretor
Setsuko Yokosuka, Secretary

Terrestrial Science
Teruhisa Watabe, M.S., Section Head
Shigeo Uchida, Ph.D.
Keiko Tagami, B.S.
Hiroshi Yasuda, M.S.

Biogeochemical Research
Yasuyuki Muramatsu, Ph.D., Section Head
Misako Sumiya
Kei Yanagisawa, Ph.D.
Satoshi Yoshida, Ph.D.
Tadaaki Ban-nai, M.S.

Biokinetics and Dosimetry Research
Hisao Kawamura, B.S., Section Head
Kunio Shiraishi, Ph.D.

Senior Research Counselor
Gi-ichiro Tanaka, Ph.D.

Division of Marine Radioecology
Nakamura, M.S., Director
Mitsue Matsuba, Secretary

Geochemical Research
Shigeki Hirano, Ph.D., Section Head
Masafumi Ishikawa, Ph.D.
Masatoshi Yamada, Ph.D.
Tatsuo Aono, Ph.D.

Bio-concentration Research
Ryoichi Nakamura, B.S., Section Head
Motokazu Nakahara, B.S.
Toshiaki Ishii, B.S.
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