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THE INDUCTION OF CHROMOSOME DAMAGE IN CHO CELLS BY BERYLLIUM

AND RADIATION GIVEN ALONE AND IN COMBINATION

Abstract We conducted studies to determine the

effects of BeSO404H20 (hereafter referred to as PRINCIPAL INVESTIGATORS

BeSO4) or X rays, alone and In combination, on cell A. L. Brooks

killing and the production of chromosome aberrations G. L. Finch

in Chinese hamster ovary (CHO) cells. The LC50 of W. C. Griffith

BeSO4, after 20 h of incubation with CHO cells, was R. G. Cuddihy

0.84 t 0.08 mm (k SE). During the last 2 h of the

20 h beryllium treatment 02 and 1.0 mM), cells were exposed to 0, 1.0 or 20 Gy of X rays. The

background level of chromosome damage was 005 t 0.015 aberrationsIcell in the CHO cells. Seven

hours after the end of a 20 h exposure to 02 or 1.0 mm beryllium, 003 0003 and 009 002

aberrationslcell, respectively, were observed. mine hours after X-ray exposure, a linear increase

In aberration frequency was observed, with a coefficient of 014 ± 0.01 aberrations/cell/Gy.

Combining I m BeSO4 with X-ray exposure produced 045 :t 004 and 0.85 t 002 aberrationslceZl for

1.0 and 20 Gy of X rays, respectively. This combined exposure response was significantly higher

(p < 0.05) than would be predicted by an additive model. Much of the Increase was related to

elevated levels of chromatid aberrations, suggesting that the interaction occurs ding the S-G2

stages of the cell cycle. No interaction was observed for the induction of chromosome type

aberrations. Studies are underway to determine the role of chromosome repair on the observed

interaction.

INTRODUCTION

Because of its low density and favorable neutronic properties, beryllium is an excellent

material for use in space nuclear reactor systems.1 Increased use in the nuclear industry creates

the potential for combined exposure to radiation and beryllium. Thus, combined exposure may

represent an important health concern for those working in the nuclear industry.

The toxicology, chemistry and mechanisms of action of beryllium have been reviewed recently.2

Beryllium produces lung disease in humans and has been implicated in the production of cancer in

experimental animals.

Witschi found that beryllium can block several partial-hepatectomy induced enzymes involved in

DNA synthesis (thymidine kinase, thymidylate kinase, thymidylate synthetase, deoxycytidylate

deaminase and DNA polymerase).2 Enzymes that were not involved in DNA synthesis, and were not

inducible by partial-hepatectomy, were not influenced by the beryllium exposure.2

Beryllium exposure is capable of producing cell transformations chromosome aberrations and

sister chromatid exchanges in cultured cells.4 Beryllium-induced genetic damage suggests a

possible genetic mechanism for beryllium-induced cancer.

The current study determined that exposure to relatively high concentrations of beryllium

alone induced a low level of chromosome damage in CHO cells. The more important observation was

the multiplicative interaction between beryllium and radiation in the production of chromatid-type

aberrations in CHO cells in culture. A large portion of tis interaction of beryllium and X rays

was related to an increase in chromatid exchange aberrations, suggesting that the interaction was

dependent on the stage of the cell cycle at the time of the radiation exposure.
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MATERIALS AND METHODS

Beryllium, in the form of BeSO4-4K20, was dissolved in 0.15 M saline. Chinese hamster ovary

cells (CHO) were grown in Ham's F12 medium supplemented with 10% heat inactivated newborn bovine

serum. Cells were incubated in a humidified atmosphere of 5% C2 at 37'C. The cells were

maintained at 370C prior to the X-ray exposure, and were placed back into the incubator at the end

of exposure.

X rays were delivered at a dose rate of 028 Gy/min from a Picker Vanguard Console Therapy

Unit. This unit was operated at 280 kVp at mA, with I mm Al and 0.5 mm Cu filters, resulting

in an equivalent energy of 135 keV.

The LC50 was determined for BeSO4 by incubating 200 cells/well with graded concentrations of

BeSO4 for 20 h. After exposure, the cells were grown for an additional days in medium without

beryllium to determine the colony formation efficiency relative to the controls as a measure of

cell killing.

After determining the LC50 for BeSO4, the interaction between beryllium and X rays was defined

over a range of dose and concentration combinations. Cells were seeded at x 106 in 75 cm2

flasks and grown for 24 h under standard culture conditions. At this time, beryllium was added

and the cells were incubated for an additional 18 h. At 18 h, 0.1 Vg colcemid/mL was added to

half of the culture. These cultures were incubated for an additional 2 h to accumulate metaphase

cells for cytogenetic analysis. Cells were harvested by standard cytogenetic techniques onto

coded slides for chromosome evaluation. The other half of the cultures were evaluated for cell

survival using the colony formation assay as described above.

Cells were also harvested 9 h after the end of the X-ray exposure and prepared for cytogenetic

analysis as described above. At least 200 cells were scored per experimental group.

Interaction of beryllium and X rays on the induction of aberrations, as influenced by time

after X-ray exposure, was also evaluated. Cells were grown in culture and exposed to the

beryllium for 18 h, followed by exposure to X rays and 2 h of additional beryllium exposure, as

described above. Cells were harvested at 6 9 12, 1, and 24 h after radiation exposure, and the

frequency of chromosome aberrations was evaluated in cells that received either 20 Gy or 20 Gy

plus I 0 mM BeSO4. To accumulate metaphase cells for cytogenetic evaluation, 0.1 jig colcemid/mL

was added to the cultures 2 h prior to harvest. There were 100 cells scored per sacrifice time.

The statistical methods used to evaluate differences in the chromosome aberration frequency

between different treatment groups have been described by Margolin.5

RESULTS

1he pH of the medium was determined both after the addition of the beryllium and h later.

At the highest BeSO4 concentration, the pH remained at 74 when BeSO4 was added and did not change

with time.

Using a probit method, LC50 for the CHO cells exposed to beryllium alone under the conditions

described above was calculated to be 04 0.08 mM. The influence of beryllium and radiation

alone, and in combination, on cell killing is illustrated in Figure 1. About 70 percent of the

aberrations observed at 9 h after the end of the radiation exposure were of the chromatid type and

30 percent were of the chromosome type. This distribution of aberration types was essentially

constant for both beryllium or radiation delivered alone. This suggests that there was little

change in the cell cycle and that most of the aberrations produced by a single insult occurred in

cells that were in the and G-2/M stages of the cell cycle. The highest response from the

beryllium exposure was 009 002 aberrations/cell relative to the control level of 0.05 + 0.015
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aberrations/cell. Data on the induction of chromosome damage by beryllium and X rays given alone

and in combination are plotted over a concentration-dose-response surface and are shown

graphically in Figure 2 When I 0 mM BeSO4 was combined with I or 20 Gy of X rays, there were

0.45 ± 004 and 06 ± 002 aberrations/cell produced, which is significantly higher than

predicted by an additive model (p < 0.05). X rays alone produced a dose-related increase in

chromosomes with a slope of 014 ± 0.01 aberrations/cell/Gy.
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To further evaluate the interaction of X rays and beryllium, a serial sacrifice study was

conducted using I 0 mM BeSO4 combined with 20 Gy of X rays. The results of this study are shown

in Figures 3A and 3B. Figure 3A shows the total aberration frequency and the rings plus

dicentrics plotted against time; Figure 3B shows the frequency of chromatid type aberrations as

function of time after the end of the radiation exposure. The interaction between radiation and

chemicals for both total aberrations and chromatid-type aberrations was significantly elevated

above that predicted with an additive model at both 9 and 12 h after the end of the radiation

exposure. At these times, 90 percent of the aberrations scored were of the chromatid type. By 

and 24 h after the exposure, as the cells progressed through the cell cycle, 50 and 85 percent,

respectively, of the aberrations scored were chromosome type. There was no significant increase

in the aberration frequency caused by exposure to the combined agents (p > 0.05).
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Figure 3A. The influence of time on the inter- Figure 3B. The influence of time on the inter-
action of beryllium and X rays in the produc- action of beryllium and X rays in the produc-
tion of chromosome aberrations and rings plus tion of chromatid aberrations.
dicentrics.

DISCUSSION

The level of BeSO4 used to kill the CHO cells in the present study was high relative to that

which has been shown by others to be cytotoxic and to cause other nonlethal cellular and molecular

changes.4

The level of interaction between radiation and beryllium in production of chromosome

aberrations could be related to several factors. First, there is evidence that beryllium causes

mitotic delay by blocking cell progression at the Gl-S border in the cell cycle.6 If this were

the case in the current study, cells may have been partially synchronized by the beryllium. The

influence of beryllium or radiation exposure alone and in combination on cell cycle progression

needs to be determined. Second, beryllium also has been shown to block induction of enzymes.2

Beryllium could either interfere with regulatory mechanisms controlling gene expression or could

block the induction of repair enzymes that alter the level of chromosome damage. Finally, we

cannot exclude nonspecific action of beryllium as it competes for binding sites with other cations

or causes damage by nonspecific mechanisms such as changes in pH and the formation of insoluble

complexes.2

In summary, our study demonstrated that exposure to beryllium for 20 h followed by a 7 h rest

period produced only minor changes in chromosome aberration frequency, even at rather high

beryllium concentrations. However, beryllium may play a very important interactive role in

radiation-induced chromosome repair. This interaction may be important in evaluation of risk to

workers that are exposed to both low-LET radiation and beryllium.
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