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INTRODUCTION

Dr.  Sto:ne as he collaborated in experiments this summer learned

techniques for synchronizing mammalian cells and obtained results

supporting the hypothe sis that mammalian cells are killed by chromo-
somal damage. These experiments which are discussed in detail

below involved sensitizat ion of synchronized Chinese Hamster cells

with  BUdR  and the study  o f  re cove ry of radiation damage in synchro-

nized cells treated with cyclohexamide or potassium cyanide.  The

cysteamine experiments which were proposed were not conducted

because subsequent  to our proposal,reports on cysteamine  effe cts  on

chromosomal damage in synchronized cells appeared in literature.

Sensitization of Synchronous CHO Cells with BUdR Pretreatment  ,

The cells growing logarithmically were pretreated for 18 hours with

4Bg/ ml BUdR prior to selecting mitotic cells without Colcemid  pre-

treatment.    The CHO cells had a generation time of about 14 hours;

therefore, essentially one strand of the DNA incorporated BUdR(about
10% replacement of T).   Both the control TdR treated and BUdR treated

cells were irradiated either at 1 hour after plating when they were in

Gl or at 11 hours after plating when they were in late S phase (as shown

by pulse labeling replicate samples with tritiated thymidine). Cells

were then analyzed as before for both chromosomal aberrations, and

for lethality by the colony-plating technique. Results (Fig£ 1 & 2) which

were similar for chromosomal aberrations and lethality indicated that

BUdR sensitized both the Gl and late S phase cells by reducing the

shoulders and slopes of the curves.  The dose reduction factors for BUdR

treated cells, based on chromosomal aberrations and lethality, respectively,

were 1.7 - 2.6 and 2.0 - 2.6 for cells irradiated in Gl and 2.1 - 2.3 and
2.6 - 4.3 for cells irradiated in late S phase.
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Recovery of Sublethal Damage and Restitution of Chromosomal Damage in
CHO Cells Synchronized in Mitosis .

To  stddy the recovery kinetics of cells irradiated with doses fractionated  ove r
short  time inte rvals (5-120 minutes), Chinese Hamster Ovary cells   (CHO)  were
synchronized by shaking loose mitotic cells without a Colcemid pretreatment.
These cells were irradiated at 37'C with either a single dose of 600 rads or with
two split doses   of  300   rads each during  the   time   interval  between  8   and   11   hours
after the cells had been plated and when over 90% of the cells were in DNA synthesis. ·

Results  in  Fig. 3 indicate  that  the re  was a significant amount of recovery  of  sub-
lethal damage in 5-10 minutes with essentially complete recovery in 1-2 hours.
Almost identical data were obtained for Don cells synchronized with Colcemid and
irradiated  at  370C  (data not shown). The frequency of chromosomal exchange s  as
a  function  of the fractionation  time   inte rval  (Fig. 4) shows recovery kinetics  very
similar to that for the survival data, again indicating a significant amount of re-
covery in 5-10 minutes.

Effect of Cyclohexamide on Recovery of Sublethal Damage  and Re stitution  of
Chromosomal Damage

CHO cells were synchronized as before and irradiated with single or fractionated
dose s either  with or without cyclohexamide  (5Bg/ ml) added  to the medium for about
2  1/2 hours during the irradiation period.    A s was expected  from  the  data of Elkind
et al (1967) and Kim et al (1966), the recovery of sublethal damage was not inhibited
(data not shown),   and the re stitution of chromosomal damage also occurred during
the   1-    2  hour  inte rval  (Fig.  5). Thus, neither the recovery of sublethal damage  nor
the re stitution of chromosomal damage  were   affe cted  by  a 90% i.nhibition of protein
synthesis (Fig. 6). The restitution of chromosomal damage. in mammalian cells
during cyclohexamide treatment appears to differ from the studies of Wolff( see
Elkind and Whitmore 196710) which implicate the necessity of protein synthesis for
restitution of chromosomal damage in Vicia Faba.

1 :  M. M.  Elkind,  W. B. Moses,  and H. Sutton-Gilbert, Radiation response  of
mammalian cells grown in culture. VI Protein, DNA, and RNA inhibitio:n
during the repair of x-ray damage. Radiation Res. 31, 156-173 (1967)

2.  J. H.  Kim,  M. L. Eidinoff,  and J. S. Laughlin, Recovery from sublethal x-ray
damage of synchronized HeLa cells during inhibition of protein synthesis.
Int. J. Rad. Biol. 11, 509-511 (1966).
- -

3. M.M. Elkind and G. F. Whitmore, Chromosome damage and other cytological
effe cts. In Radiobiology of Cultured Mammalian Cells, pp. 441-445, Gordon
and Breach Science Publishers, New York, -1967b,
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Effe ct of Potassium Cyanide  on Re covery of Sublethal Damage and Restitutionof Chromosomal Damage .

CHO cells were synchronized as before and irradiated with single or fractionateddoses either with or without KCN (0. 001 M) added to the medium for about 2 1/2hours during the radiation period.    A s shown in Fig. 7, neither the cloning e fficiencynor the recovery of sublethal damage was inhibited by KCN treatment, although3H leucine uptake was depressed by about 80%(data not shown). However,  theprogre ssion  of the cells through division was delayed considerably  by  the  K CNtreatment which re sulted  in  a  very low mitotic index, thus making an analysis  ofchromosomal damage impractical and unreliable.

Sumniary

A positive correlation was observed between X-ray induction of chromosomalaberrati6ns and cell lethality in populations of synchronized cells (selected inmitosis) irradiated in different phases of the cell cycle. Cells irradiated in Glhad less damage than those irradiated near the end of DNA synthesis. Furthermore,similar degrees of radiosensitization were observed for chromosomal aberrations-     and cell lethality in sy.nchronized cells sensitized prior to synchrony by a pretreat-ment  with  BUdR. In addition, the recove ry kinetics represented  by  both  the  fre-quency of chromosomal exchange s  and cell survival following fractionated  dose sindicated a significant amount of recovery during a 10 minute period, and bothtypes of recovery occurred during a 90% inhibition of protein synthesis with cy-clohexamide.

Work to be Completed

In a BUdR experiment carried out this summer the cells were labeled with tritiatedBUdR in such  a way that one of the sister chromatids contained labeled parentalDNA  and the other sister chromatid contained newly synthesized unlabeled  DNA.The analysis relating the location of the radiation induced aberrations with  thelocation of these labeled and unlabeled regions remains to be completed.  Thisanalysis should show if BUdR has any sensitizing effect on the unlabeled sisterchromatid struct ure.

Experiments are also being carried out on the recovery of sublethal and poten-tially lethal damage in cells treated at lower temperatures, and in these experi-ments the kinetics of recovery as measured by cell killing and chromosonial aber-rations will be compared.

Dr. Stone, who is now at Dana College in Nebraska, will be assisting in theseexperiments during  the  year by carrying  out the analysis of chromosomal damage.We hope that he will be able to actively participate in our experiments during thesunnrner of 1970.
-.·
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-Figure 1 - Aberration frequency as a function of radiation dose is indicated
for CHO cells synchronized in mitosis without Colcemid pretreatment but
following an 18 hour pretreatment with either BUdR or TdR. The cells were
irradiated at either l hour after plating when they were in Gl or at 11 hours
after plating when they  were in late S phase.

yigure 2 - Survival is indicated for CHO cells synchronized in mitosis with-
out Colcemid pretreatment but following  and  18 hour pretreatment with eithe r
BUdR or TdR.  As for Fig. i the cells were irradiated either in Gl or late S
phase.

-Figure  3 - Fractional survival value s are indicated  for CHO cells irradiated
with either single or split doses at different  time inte rvals after plating cells

synchronized in mitosis without Colcemid.

Figure 4 - Frequency of chromosomal exchanges is indicated for CHO cells
irradiated with either single or split doses at diffe rent  time inte rvals after

plating cells synchronized in mitosis without Colcemid.

Figure 5 - Frequency of chromosomal exhanges is indicated for CHO cells
Irradiated with either single or split doses at diffe rent time intervals  afte r
plating cells synchronized in iziitosis without Colcemid. Cyclohexamide (CHM
of 5Fg/ml) was added to the media between 8.5  and 11.5 hours as indicated.

Figure 6 - The suppression of protein synthesis in the cells described in Fig.
5 is indicated by the depression in uptake of tritiated leucine. in cells treated

with  cyclohexamide.

Figure 7 - Survival per cent is indicated for CHO cells irradiated with either
single or split doses at different time intervals after plating cells synchronized
in mitosis.  KCN (0. 0011VI) was added to the media between 7. 5 and 10. 75 hours
as indicated.
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