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Research Using RARAF

The “bystander” effect, in which only some cells are ir-
radiated and a response is obtained that is greater than would
be expected for the fraction irradiated remains of great inter-
est. Several experiments examining this effect were contin-
ued, observing a variety of endpoints to determine the size of
the effect and the mechanism by which it is transmitted.
There is evidence for both direct cell-cell communication
through cell membranes and indirect, longer-range commu-
nication through some release by the cells into the cell me-
dium. In some experiments, the
unirradiated cells can be identified
due to a different staining and

Sports and Culture of Japan. Brief descriptions of these ex-
periments follow.

Investigations involving the oncogenic neoplastic trans-
formation of mouse C3H 10T cells (Exp. 73) were contin-
ued by Eric Hall and Stephen Mitchell (who has replaced
Satin Sawant) of the CRR. Using the microbeam facility,
10% of the cells were irradiated through the nucleus with 2
to 12 helium ions. Cells were plated at densities of approxi-
mately 200 and 2000 per dish to try to observe the relative
contribution of cell-cell communication to the bystander
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Note: Names in parentheses are CRR members who collaborated with outside experimenters.
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effect. Cell survival was about the same for both cell densi-
ties for two particles, but for 12 particles the lower density
has a survival of 90% while the higher density has a survival
of only 75%. This would imply little or no bystander effect
at low density (only the 10% of cells hit die) but a large ef-
fect at high density where 2.5 times as many cells as were hit
don’t survive.

Studies of the mutation of hamster hybrid (Ap) cells by
specific numbers of helium ions (Exp.76) were extended by
An Xu and Tom Hei of the CRR to protons. These irradia-
tions were only preliminary because protons that have a
range less than that of the collimator thickness have such a
low momentum that they are scattered more easily than the
helium ions that are normally used. This increases the effec-
tive diameter of the beam at the cell position so that it may
be larger than the diameter of the cell nuclei. These experi-
ments will resume as soon as the focused microbeam, which
will produce a beam 2.5 pm in diameter for both helium ions
and protons, is operational.

Richard Mauer, David Roth and James Kinnison of
Johns Hopkins University continued development of a neu-
tron spectrometer for the energy range 0.5 to 100 MeV (Exp.
89). The spectrometer will be used on the International
Space Station and the manned mission to Mars. Emphasis is
now on determining the efficiencies of the detectors at dif-
ferent neutron energies and investigating the rise times of the
pulses generated by gamma rays and neutrons to perform
gamma-ray discrimination. In addition, a CCD camera was
irradiated with 2.2 MeV neutrons to determine its resolution
as a function of neutron fluence. The camera is being con-
sidered for a probe that will be sent to Pluto and the asteroid
belts beyond. Because solar panels will not be able to pro-
duce enough energy that far from the sun, a Radioactive
Thermal Generator will be used, producing a spectrum of
neutrons with a mean energy of approximately 2.2 MeV.
The long-term exposure to neutrons raised questions of the
survival and the resolution of the camera.

Brian Ponnaiya and Charles Geard of the CRR continued
two studies investigating the bystander effect. In one study
(Exp. 94), single cells are observed for gene expression us-
ing reverse transcription polymerase chain reaction (RT-
PCR) in conjunction with immunofluorescence techniques.
This procedure permits observation of individual responses
to radiation instead of just the average response of a large
number of cells. Irradiated and unirradiated cells can be
identified by a differential staining administered prior to
irradiation. Individual cells are selected using a microma-
nipulator on the off-line microscope system of the mi-
crobeam facility. Copies of DNA segments are created by
reverse transcription (RT) from mRNA produced by each
cell. The DNA is then amplified by polymerase chain reac-
tion (PCR) until enough material is available for gel electro-
phoresis to measure the amount of mRNA. Immunofluores-
cent staining is used to determine the amount of the protein
associated with a particular mRNA for corroboration. Based
on previous results indicating the induction of p21/WAF1 in
irradiated and bystander normal human fibroblasts, mi-
crobeam experiments were conducted to standardize proto-
cols for the analyses of other early response genes. The other
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investigation involves use of the track segment facility for
broad-beam charged particle irradiations of human fibro-
blasts and epithelial cells immortalized with telomerase
(Exp. 106). Special cell dishes are made from stainless steel
rings with thin Mylar windows epoxied on both sides. Cells
are plated on both inner Mylar surfaces and the dish volume
is filled with medium. This eliminates all possibility of cell-
cell contact between cells on opposite sides. Cells on one
surface are irradiated with “He ions; cells on the opposite
surface are unirradiated because the particles are stopped
before reaching them. Cells are observed in situ after irradia-
tion with doses from 0.1 to 10 Gy of 125-keV/um “He ions.
Plateau phase cells are scored for cell cycle delay and mi-
cronucleus production while log phase cells are scored for
chromosomal aberrations. It was observed that irradiated
fibroblasts can induce micronuclei in bystander fibroblasts,
but bystander epithelial cells are refractory to irradiated
epithelial cells. Furthermore, epithelial cells are capable of
responding to irradiated fibroblasts, which results in the in-
duction of micronuclei in the bystander epithelial cells.
Chromosomal analyses of irradiated fibroblast populations
and bystander cells at the first cell division post irradiation
demonstrated the induction of gross chromosome aberrations
in the irradiated population and chromatid aberrations (of the
simple type —breaks and gaps) in the bystander population.
Elevated yields of similar types of chromatid type aberra-
tions were also observed in both irradiated and bystander
fibroblast populations up to 20 population doublings post
irradiation.

Studies of the response of tooth enamel to neutrons (Exp.
96) were continued by John Zimbrick and Janine Katanic of
Purdue University. Damage to the enamel by X and gamma
rays is permanent and can be observed by electron spin
measurements, making teeth useful as biological dosimeters.
Previous studies by others of the response of tooth enamel to
neutrons had large uncertainties. Enamel irradiated at
RARAF by 14 MeV neutrons with and without 3 mm of
plastic for secondary charged particle equilibrium showed no
observable effects. It was hoped that teeth extracted from
atomic bomb survivors for medical reasons might be used to
help determine the neutron doses received.

Kenshi Komatsu of Hiroshima University in Japan, in
collaboration with H. Zhou of the CRR, continued a study of
the bystander effect on Ataxia Telangiectasia (AT) cells
(Exp. 101) using the microbeam facility. There is consider-
able evidence indicating that pS3 may play a crucial role in
the bystander effect. Atm , a kinase for the phosphorylation
of several proteins including p53, seems to be the sensor of
DNA damage or center of signal transduction. AT cells lack
Atm and therefore could provide useful information on the
role of p53 in the bystander effect. In current experiments,
cell survival was measured for radiation sensitive AT cells
and normal Hx cells. In addition, the bystander effect for
HPRT mutation in Hx cells was determined by irradiating
10% of the cell nuclei with 20 alpha particles.

Hongning Zhou and Tom Hei of the CRR continued to
use the single-particle microbeam facility for two experi-
ments investigating the bystander effect. One study is exam-
ining adaptive response in bystander effects in human-
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hamster hybrid (Ap) cells (Exp. 108). After low-dose X-ray
irradiation, 10% of the cells are traversed by 1 or 20 helium
ions. There is a decrease in the bystander effect for mutation
when neighbor cells are traversed by one particle and a
somewhat smaller decrease for traversal by 20 particles. . In
addition, they found that the bystander cells showed an in-
crease in sensitivity to a subsequent, challenging dose of X-
rays. The mutation spectra are being analyzed and should
provide some evidence for understanding the mechanism of
bystander mutagenesis and adaptive response. With De-
basish Roy of the CRR, they are trying to identify the mo-
lecular signals of cell-cell communication in bystander
mutagenesis (Exp. 110). Hybrid Ay cells, human fibroblasts,
and normal human bronchial epithelial cells were irradiated
using the microbeam facility. A fraction of the cells was
irradiated with a single alpha particle. The irradiated
(stained) cells are separated from the unirradiated cells by a
cell sorter and accumulated from experiments over four con-
secutive days. The cells were then analyzed using micro-
arrays. Preliminary data show some gene expression change
in the bystander cells.

Investigations of damage induction in human fibroblasts
and Ataxia Telangiectasia cells (Exp. 109) were extended by
Adayabalam Balajee and Charles Geard of the CRR to in-
clude a search for foci of damage and repair proteins. Cells
irradiated through the nucleus using the microbeam facility
are stained and examined to observe these proteins, which
should cluster around the helium ion track.

Robert Bristow and Shahnaz Al Rashid of Princess Mar-
garet Hospital, Toronto initiated efforts to visualize the lo-
calization of repair proteins around particle tracks (Exp.
111). The microbeam facility was used to irradiate human
fibroblast strains with one helium ion per nucleus. At times
they observed a discrete sub-nuclear focus with H2AX, but
never with radS0, although there was co-localization with
one of the rad50 foci and the discrete H2AX. The serl15-p53
foci were diffuse, but observed in both irradiated and unirra-
diated cells.

Yigal Horowitz of BenGurion University of the Negev in
Israel and Marco Zaider of the Memorial Sloan-Kettering
Cancer Center in New York are investigating the use of
thermoluminescent dosimeter (TLD) chips as nanodosime-
ters to determine the quality factor of radiations (Exp. 112).
Radiation damage to the crystal structure of the LiF:Mg,Ti
crystal structure can be removed by heating, with different
kinds of damage repaired at different temperatures. As the
damage is removed, excess energy is emitted in the form of
light (glow peaks). It has been found that the ratio of peak 5a
to peak 5 is 7-8% for gamma rays but 25-30% for alpha par-
ticle irradiation. The dependence of damage to the crystals
on ionization density is similar to that for DNA double
strand breaks and the physical structure giving rise to peak
S5a is about 2 nm, similar to the diameter of DNA. These
features make the TLD system applicable as a nanodosime-
ter. TLDs were irradiated with 0.22 and 14 MeV neutrons
and with charged particles having six different LETs in the
range of 10-180 keV/um to observe the dependence of the
ratios of the glow peaks on radiation quality.

The Department of Defense is interested in the biological
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effects of depleted uranium (DU), especially since its sig-
nificant use in the Gulf War. The primary focus has been the
chemical effects of DU on human cells. Alexandra Miller of
the Armed Forces Radiobiological Research Institute has
begun a study of neoplastic transformation of immortalized
human osteoblast cells by helium ions (Exp. 113). Graded
doses of ions were delivered using the track segment facility
to try to determine the contribution to cell transformation of
the alpha particles emitted by the DU.

Accelerator Utilization and Operation

Accelerator usage is summarized in Table II. Use of the
accelerator for radiobiology and associated dosimetry de-
creased by about 10% over last year but was still ~35%
higher than the average for 1996-2001. This year less than
80% of the accelerator use for all experiments was for mi-
crobeam irradiations because of increased use of the track
segment facility and the increase in physics and chemistry
usage. Because of the relatively low number of cells that can
be irradiated in a day, microbeam experiments often require
considerable beam time to obtain sufficient biological mate-
rial, especially for low probability events such as transfor-
mation and mutation.

Utilization of the accelerator by radiological physics and
chemistry increased this past year, back to the level in 1999-
2000. Two ongoing projects, one for physics and the other
for chemistry, resumed this year and two more physics ex-
periments have begun, one very recently.

Use of the accelerator for online development declined
somewhat from last year because of the damage to the mi-
crobeam lens system. On-line development should increase
next year as we finish developing the present lens system
and start developing the double lens system to obtain a beam
spot 0.5 um in diameter.

We have continued to minimize the time spent for in-
spections of the radiation safety system by not inspecting
those systems and target stations that are rarely used. Of
course, any facility is inspected before it is put back into use,
as is the case for the UH area that is presently being used for
a physics experiment.

Accelerator reliability declined this year, bringing repair
time to a near-record level. Maintenance and repair time
more than doubled over last year and was double our long-
term average due to recurring problems in the downcharge
power supply in the terminal. This supply is used to spray
negative charge on the charging belt, sharing the load with
the upcharge supply at the ground end of the accelerator. For

Table 11

Accelerator Use, May 2001 - April 2002
Percent Usage of Available Days

Radiobiology and associated dosimetry 32.8%
Radiological physics and chemistry 4.9%
On-line facility development and testing 28.8%
Off-line facility development 12.4%
Safety system 2.4%
Accelerator-related repairs/maintenance 18.3%
Other repairs and maintenance 0.4%
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reasons that have not yet been determined, one of two strings
of high voltage diodes in the supply short out. No major re-
pairs or modifications to the accelerator were performed. A
vacuum leak in one of the sections of the acceleration tube is
a problem that has troubled us for several years and will
require a permanent repair unless a replacement accelerator
is obtained.

Development of Facilities

Development of the single-particle microbeam facility is
described here briefly:
o Testing of the single electrostatic quadrupole quadruplet
continued, using the existing microbeam facility. A beam
approximately 2.5 um in diameter had been obtained in No-
vember 2000, just before the rods that make up the lens were
severely damaged due to an accidental application of a volt-
age that caused sparking. New rods have been constructed,
the new lens is in place and initial tests are encouraging.
e There has been interest, especially by the DOE, in the
effects of radiations with LETs of 10 keV/um or less. The
present gas detector used to count the ions that have passed
through the cells has unity gain and the small signal from the
protons is lost in the electronic noise. Efforts to reduce the
noise level were unsuccessful, so a new detector with gas
gain was built. The signal from the protons is now far re-
moved from the noise and proton irradiations with the mi-
crobeam facility can commence as soon as the lens system is
operational.
e After successful testing of the laser ion source obtained
from the University of Arkansas, a system has been designed
for use in the Van de Graaff accelerator. This system will
use a spherical electrostatic analyzer lens to focus the beam
rather than the cylindrical lens used in the Arkansas design.
This lens focuses in both the horizontal and vertical direc-
tions to better inject the beam into the accelerator. A mock-
up of the lens has been machined in plastic to assure that the
lens can be constructed in our shop. A new high-power
Nd:YAG laser has been purchased to replace the obsolete
one obtained from The University of Arkansas. The laser has
been installed and tested.
o A feedback system has been developed for the voice coil
stage. The position of the stage is monitored using linear
variable differential transformers (LVDTs). Circuitry to
drive the voice coils based n the error signal from the sen-
sors has been designed and is being tested. This stage should
provide both more accurate and faster positioning than the
present stage, which is moved by stepping motors.
e Construction of the new microbeam facility on the floor
over the exit of the Van de Graaff continued. New on-line
and off-line microscopes, a CCD camera with a built-in im-
age intensifier and a bench for the off-line microscope were
purchased. The on-line microscope will have to be modified
so that it can be moved in and out of place over the irradia-
tion port. A new industrial computer system with two flat
panel monitors and an image analysis board have also been
purchased. One monitor will display the operating program
and the other the image from the image analysis board.
Work is being done on integrating the camera, image analy-
sis system and irradiation control program.

Personnel

The Director of RARAF is Dr. David Brenner. The Van
de Graaff accelerator facility is operated by Mr. Stephen
Marino and Dr. Gerhard Randers-Pehrson.

Dr. Alan Bigelow, a postdoctoral fellow, is continuing
the development of the laser ion source and the voice coil
positioning stage for the microbeam facility.

Dr. Alexander Dymnikov, an expert on ion beam trans-
port, left RARAF in June 2002. We will consult with him on
the design of the electrostatic lenses for the microbeam facil-
ity.

Mr. Mutian Zhang, the accelerator technician, left
RARAF in April 2002 for another position at Columbia
University.

Dr. Furu Zhan, a postdoctoral fellow from China, arrived
in June 2002. He is assisting in performing the microbeam
irradiations and developing the facility.

Mr. Kurt Michel, an undergraduate student from Pace
University, is a part-time intern assisting with the develop-
ment of the voice coil positioning stage for the microbeam
facility.

Biologists from the Center for Radiological Research not
supported by the RARAF grant are stationed at the facility in
order to perform experiments:

e Dr. Charles Geard, the Associate Director of the CRR,
continues to spend most of each working day at RARAF. In
addition to his own research, he is collaborating with several
outside users on experiments using the single-particle mi-
crobeam facility.

e Dr. Brian Ponnaiya is an Associate Research Scientist
performing experiments using the track segment and mi-
crobeam irradiation facilities.

e Ms. Gloria Jenkins, a biology technician, performs ex-
periments on the microbeam facility for Dr. Geard.

e Dr. Steven Mitchell, a postdoctoral fellow who arrived in
February 2002 is replacing Dr. Satin Sawant in research in-
volving neoplastic transformation of C3H10T1/2 cells.

e Dr. Oleg Belyakov, another postdoctoral fellow, arrived
in April 2002. He is performing experiments on the track
segment and microbeam facilities using model tissue culture
systems.

e Ms. Allison Groome, an undergraduate student from
Pace University, is an intern assisting Drs. Geard and Pon-
naiya on a part-time basis.
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