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SUMMARY

Lethal effects and chromosome aberrations
induced in cells exposed to low energy (soft)
X rays demonstrated that these relatively low
energy X rays are just as effective as those of
higher energy for radiobiological studies, and
even more effective for irradiating cultured
mammalian cells than laboratory animals.

INTRODUCTION

Prior to Puck and Fishers’ successful cloning of
mammalian cells in tissue cultures,! studies in
cell biology and cytogenetics were possible
only when using microorganisms, In radio-
bioclogy, there have been numerous studies
concerning mutation induction, neoplastic trans-
formation of cells, acceleration of aging, chromo-
some aberrations, cell membrane damage, intra-
cellular metabolic abnormalities, and damage
of intracellular macromolecules (DNA, RNA,
proteins) following irradiation, Often used in
these studies were high energy X rays produced
by apparatus for deep radiation therapy
employing relatively high kilovoltage and
milliamperage, and gamma rays from %0Co and
13705 sources. These X 1ays and gamma rays
can penetrate the glass and plastic vessels used
in culturing cells, allowing relatively accurate
assessments of the cells’ absorbed doses. However,
high energy X-ray generators and %0Co and ¥7Cs
sources are expensive, and they necessitate using
costly protective barriers. Furthermore, X-ray
tubes for high energy generators are often in
short supply, particularly in Japan.

A soft X-ray generator was recently installed at

RERF for radiobiclogical studies using cultured
mammalian cells. The distribution of exposure
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dose rates from this apparatus was determined
under various conditions.® In the present study,
the dose-survival responses and dose-chromosome
aberration frequencies were determined by
irradiating a variety of cells with soft X rays.
The results were compared with those obtained
after irradiating cells with high energy X rays
and °Co-gamma rays.

MATERIALS AND METHODS

Jonization Radiation

X-ray exposures were incurred using a low
energy X-ray generator (Softex, Model CMBW-2,
Softex Company, Tokyo). Its X-ray tube
(IF-0630) has a beryllium window 0.5 mm
thick which absorbs only 3% of the X rays
emitted when using S5mA and 25kVp. The
2.0mm thick glass windows of conventional
X-ray tubes absorb 99.3% of the X rays produced
using similar exposure conditions, thus allowing
only 0.7% of the X rays to exit. The results
reported here were obtained using X rays which
had penetrated a 0.2 mm thick aluminum filter
immediately exterior to the soft X-ray tube’s
window. Cells were exposed to X rays (40kVp,
5mA, 0.2Al filter, and 0.23mm Al half-
value layer, HVL) in a 1ml cell suspension
(1x10° cells/fmi) on 5cm diameter plastic
petri dishes without a cover. To prevent the
shadow effect from dish wall, cell suspension
medium was uniformly dispersed within a
circle area of 3.0-4.0cm diameter. In this
condition, about 16% of X rays were absorbed
by medium. The exposure dose rate, determined
with the Nuclear Associates Type 30-330PTW
ionization chamber was 220 rad/min.

A deep X-ray therapy generator (200kVp,
20mA, 03Cu+05Al, [.2mm Cu HVL,
60 R/min, Kyoto University) and %°Co-gamma
ray energy (1.17 and 1.33 MeV, average 1.25 MeV,
180 rad/min, Research Institute for Nuclear
Medicine and Biology, Hiroshima University)}
were used as reference sources, Cells suspendedin
1 ml medium were put into test-tubes and exposed
to high energy X rays or 6°C0-gamma rays.

Cells

Some of the human lung fibroblasts used in
the present study were established elsewhers;® 7
the remainder were established in our laboratory.
The skin cell cultures of patients with ataxia
telangiectasia (AT cells), an autosomal recessive

hereditary disease, were established by Taylor
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et al®? and Arlett,!® and obtained from Professor
Osamu Nikaido (Kanazawa University)., Chinese
hamster (V79) cells!! were also obtained through
the courtesy of Professor Nikaido. All cells used
in the present study were cultured in plastic
dishes (Falcon Company, USA, Cat. No. 3002).

Culture Medium

Eagle's minimal essential medium (MEM) supple-
mented with 10% fetal calf serum (FCS) was
used for subcultivation and maintenance of the
fibroblasts derived from human lung. In tests
of cell survival rates by the colony formation
method, either Eagle’s MEM or alpha MEM
supplemented with 15% FCS was used. Alpha
MEM supplemented with 15% FCS was used
for subculture and for all tests of AT cells.
Eagle’s MEM supplemented with 10% FCS was
used for subculture and for all tests of V79
cells.

Chromosome Analysis

V79 cells in the logarithmic growth phase were
irradiated and incubated for eight hours at
37°C in a 5% CO; - 95% air atmosphere. The
chromosome slides were prepared by the usual
flame method” with hypotonic treatment of
the cells using 0.075 M KCI (2 volumes) + 1% Na
citrate (1 volume) buffer solution after one hour
colchicine treatment.

RESULTS

Comparison of Lethal Effects of Soft X rays and
High Energy X rays on Exposed Normal Human
Lung Cells

The sensitivity of human fibroblasts to soft
X rays and high energy X rays is illustrated in
Figure 1. High energy X rays were used to
irradiate at a dose rate of 60 R/min.® A dose-
survival curve with an extrapolation number,
n value, of 2.2 and Dg of 120 R was obtained.?
Soft X rays (40kVp, 5mA, 0.2 Al filter) were
used to irradiate at a dose rate of 220 rad/min.
Although the cells were lung fibroblasts obtained
from autopsy materials of donors of various
ages, no difference in radiation sensitivity by age
of the cell donor was observed. A dose-survival
curve with an n value of 1.8 and D¢ of 125 rad
was obtained. Thus, no difference was evident
between high energy X rays and soft X rays as
to their lethal effects on cultured human cells.
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Sensitivity of Ataxia Telangiectasia Cells to
Soft X rays

AT (Louis-Bar syndrome), an autosomal recessive
hereditary disease, is associated with decreased
immune function, occurs in high frequency in
some malignancies, such as leukemia and malig-
nant lymphoma, and often develops in young
patients. The AT cells of patients with this
disease have been shown to be highly sensitive
to jonizing radiation.®~®  The dose-survival
curve of AT cells to soft X rays is shown in
Figure 2, and it is virtually identical with that
reported by Taylor et al’ using ®°Co-gamma
radiation. Apparently, AT cells are also highly
sensitive to soft X rays.

Radiation-Induced Chromosome Aberrations

The frequency of chromosome aberrations
induced in V79 cells after irradiation with
soft X rays and ®Co-gamma rays is shown in
Figure 3. The doubling time of V79 cells was
approximately 12 hours. Chromosome analysis
was made on. metaphase cells collected 8-9

FIGURE 1 DOSE-SURVIVAL RESPONSES OF

CULTURED HUMAN LUNG FIBROBLASTS TO

SOFT X RAYS (40kVp, SmA, 0.23mm Al HVL)

AND TQO DEEP THERAPY X RAYS (200kVp,

20mA4, 1.2mm Cu HVL). BARS SHOW STANDARD

DEVIATIONS BASED ON FOUR OR MORE
EXPERIMENTS
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houtrs after irradiation. The purpose was to
study chromosome aberrations in cells irradiated
in the presynthetic stage of DNA, the G;, in
the cell cycle. Accordingly, more than 500
metaphase cells for each dose were examined
to analyze the relationship between dose and
chromosome aberrations, using dicentric and ring
chromosomes as indexes. It was apparent that
the yield of dicentrics and rings per cell is
proportional to radiation dose, with no difference
between soft X rays and 6"Co-gamma TaYS.

DISCUSSION

X rays are a kind of electromagnetic wave.
X rays of short wavelength are usually referred
to as “hard” X rays; those of long wavelength,
as soft X rays. X rays travel in straight lines and
penetrate substances to varying degrees. As
they penetrate, they are absorbed at a rate
proportional to the density and thickness of the
object, the degree of penetration being greater
in the case of short wavelength hard X rays.
However, in examining soft and thin materials,
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FIGURE 2 DOSE-SURVIVAL RESPONSES OF

ATAXIA TELANGIECTASIA PATIENTS CELLS

[AT3BI (a), AT5BI (w)] AND NORMAL CELLS

(FIGURE 1) TO SOFT X RAYS. BARS ARE

STANDARD DEVIATIONS BASED ON FOUR OR
MORE EXPERIMENTS
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FIGURE 3 ABILITY OF ®Co-GAMMA RAYS (0) AND SOFT X RAYS (e) TO INDUCE
CHROMOSOME ABERRATIONS IN CHINESE HAMSTER V79 CELLS
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small animals, plants, and seeds used in medical
and pharmacological studies, and in the non-
destructive testing of light metals, resins, and
chemical products, it is often advantageous,
in the interests of greater accuracy, to employ
soft X rays of relatively long wavelength in the
radiological technique. The feasibility of
applying soft X rays to radiation cell biological
studies was examined by using the Softex,
which is intended for nondestructive radiological
testing. The shortest wavelength of X rays
generated by the Softex is approximately
0.246 A at 50kVp. Hence, the wavelength of
soft X rays used here is considerably longer than
those used for deep radiation therapy, whose
shortest wavelength is 0.06 A at 200kVp.

Cultured cells were exposed to soft X rays.
A curvilinear relationship with an n value of 2.2
and Do of 120 R was obtained for survival
response following exposure to X rays for deep
therapy.® A similar relationship, with an n value
of 1.8 and Dy of 125rad for survival response
following soft X-ray exposure (Figure 1) was
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obtained in the present experiments. Both
types of X rays may be regarded as having
nearly the same lethal effect on human cultured
cells. When the AT cells (AT3B1 and AT5B1)
were exposed to soft X rays, the Do values
ranged from 40 to 50 R. These doses agreed
well with the Dy values of approximately 50 rad
from %°Co-gamma ray exposure reported by
Taylor et al® and with those reported by Lavin
et al'? (30.5rad). Thus, it appears that AT cells
have a genetically deficient repair mechanism
for gamma ray-induced DNA damage, suggesting
they are also deficient in their ability to repair
soft X-ray-induced DNA damage.® It seems that
DNA damage induced by gamma rays and by
soft X rays closely resemble each other, or that
they are identical. Therefore, soft X rays should
be useful in studying mechanisms of repair
processes at the DNA molecular level.

V79 cells were used in tests for radiation-induced
chromosome aberrations for several reasons.
Since the doubling time of V79 cells is only
12 hours in our culture conditions, it was easy
to obtain cells in the mitotic phase. The syn-
chronization hardly occurred during subculti-
vation because of a very short lag time after
cell planting. The main reason was that the
majority of V79 cells maintain diploidy with
the modal chromosome number of 22. More
than 90% of the cells have 20-22 chromosames;
approximately 4% of the cells show tetraploidy.
Though gaps and breaks were not studied
extensively in this observation, chromatid type
abnormalities of rings and dicentrics were
observed with gamma ray doses or soft X-ray
doses higher than 50 rad, as shown in Figure 3.
No difference was evident.between %°Co-gamma
rays and soft X rays for the induction of
chromosome aberrations in V79 cells.

Special attention should be given to the quality
and quantity of culture medium and buffer
solution used to maintain the cells for irradiation
by soft X rays. When irradiated at 5mA and
40kVp or 50kVp, using Eagle’s MEM, the
radiation dose was reduced by approximately
60% at a depth of 1cm. Precautions should be
taken to assess the dose accurately when the
cells to be irradiated are contained in a large
volume of culture medium or in whole blood.

RERF’s mission is the study of effects of radi-
ation on man. Knowledge of radiation effects
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on living organisms is of great importance in
elucidating the mechanisms of carcinogenesis
and mutation, aging, heredity, and other damage.
Results of such experimental studies are useful
in estimating radiation effects on man. The
present study suggests that soft X rays used
primarily for nondestructive testing are also
useful in studying radiobiological systems,
including cultured mammalian cells, chromo-
somes, and DNA molecules.
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