[-UpR INDUCED DIVISION DELAY

MARTIN H. SCHNEIDERMAN, BRUCE F. KIMLER, ALAN S. KIRSCHNER, and
DENNIs B. LEEPER, the Department of Radiation Therapy and Nuclear
Medicine, Thomas Jefferson University, Philadelphia, Pennsylvania 19107

KURT G. HOFER, Institute of Molecular Biology, Florida State University,
Tallahassee, Florida 32306

ABSTRACT Mitotic selection for cell cycle analysis was used to investigate the effects
of >H and '#I, incorporated into DNA, on the cell cycle progression of Chinese ham-
ster ovary (CHO) cells. The results indicate that S-phase cells were delayed and G,
cells were not.
Radioactive precursors of DNA have been used extensively to measure and/or mark
cellular DNA. The use of these precursors presupposes that the decay of the radio-
isotopic moiety will not interfere with the normal functions of the organism being
studied. However, as long ago as 1958 Painter et al. (1) indicated that decay of
incorporated radioactive precursors interfered with growth in HeLa cells. Since the
study of Painter et al., increased evidence of the effects of incorporated radioactive
DNA precursors on cell survival, cell progression, and the integrity of DNA have
been reported (2-15). Most of the studies required freezing or suboptimal growth
temperatures to allow a measurable accumulation of damage due to radioisotopic
decay. Recently, Ehmann et al. (5) used flow microfluorometry to show an effect of a
20-min pulse of [*H]TdR (20 xCi/ml, 15 Ci/mM) on cell cycle progression. The cell
cycle distribution 4 h after treatment indicated parasynchronization as the cells accu-
mulated in late S or in the G, + M phases. The technique of mitotic selection for cell
cycle analysis, described by Schneiderman et al. (16), is an extremely sensitive measure
of the perturbation of progression of late S, G,, and M cells (16-19)"* and was used
in this investigation to study the effect of radioactive precursors incorporated into
DNA.

By using the mitotic selection technique to determine the rate at which Chinese ham-
ster ovary (CHO) cells progress into a small selection window in mitosis, 2~4-22 min
before division (16), we were able to observe the early effects of 10-min pulses of
[*H]JTdR (5 pCi/ml, 50 Ci/mM) and '*I-UdR (0.25-4.0 pCi/ml, 1.86-2.2 x 10°
Ci/M) on cell progression. The results illustrated in Fig. 1, panels A, B, and C demon-
strate a decrease in mitotic cell yield (i.e., a decrease in the rate at which cells progress
into the selection window) starting at about 70-80 min after treatment with 5 uCi/ml
[*H]TdR or varying concentrations of '*I-UdR (0.25-4.0 uCi/ml). The nadirs of

!Schneiderman, M. H., L. A. Braby, and W. C. Roesch. 1977. Division delay after low X-ray doses and
the effect of cycloheximide. Radiar. Res. In press.

2Schneiderman, M. H. Analysis of mammalian tissue culture cells: mitotic index, labeling index, and liquid
scintillation counting using a new Gelman filter. In preparation.
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FIGURE] The mitotic yield after 10-min treatments with labeled and unlabeled DNA precursors

or X-rays. (A) Mitotic yield after TdR (1.5 x 10~7 M), [*H]TdR (& uCi{ml), (1.5 x 1077 M),

or X-rays (150 rads). (B) Mitotic yield after various concentrations of

yield after 1°I-UdR or I-UdR.

BLUJR. (C) Mitotic
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FIGURE |  (continued)

the '2I-UdR curves decrease as the concentration (or dose) of '**I-UdR was increased.
These results indicate that the first cells to be affected by the incorporated radioactive
DNA precursors were 86-96 min before division (70-80 plus 16 min for the average
time of selection before division, i.e., the S/G, boundary) for the fastest-moving cells.
In addition, when the incorporated radioactivity of the selected cells (exposed for 10
min to 4 uCi/ml '®I-UdR) was measured by crystal scintillation counting, no activity
was measured until 70-80 min after treatment (Fig. 1 C). Moreover, the inverse rela-
tionship between cell count and cellular radioactivity after exposure to 4 uCi/ml
121.UdR indicates that the ability of cells to progress into mitosis was related to the
amount of incorporated '®I-UdR. Progression of S-phase cells (which had incorpo-
rated '*I-UdR) was affected while G, cells (which had not incorporated '**I-UdR)
was not.

A distinctive feature of the 4 gCi/ml 'ZI-UdR curve is the change in cell yield be-
tween shakes 36 and 37 or 210 min after treatment. Since the mitotic index was deter-
mined for each shake,? there is no doubt that the jump in cell count is due to a change
in the mitotic yield. In addition, the 0.5 and 1.0 uCi/ml '®I-UdR curves show a
similar response at approximately the same time (210 min after treatment). These
results imply that cells, distributed in the last 130 min of S-phase and exposed to
1B1.UdR, are more sensitive to radiation-induced progression delay than the cells
distributed earlier in the S-phase.

Although these results clearly show an immediate effect of '*I-UdR incorporation
on cell progression, we can only speculate as to its mechanism. The '*I-UdR data pre-
sented by Warters and Hofer (14) indicate that the ultimate *“‘elementary target locus”
for radiation-induced division delay was not the entire nucleus but some smaller sub-
structure within it. The data presented here suggest that the most “sensitive target”
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for radiation-induced delay is either in the DNA synthesized during the last 130 min of
S-phase (heterochromatin [20]) or the various cellular structures, such as histones and
membranes, which may be closely associated with this DNA. However, in conclusion,
although decay of I incorporated into DNA results in division delay, this by no
means suggests that radiation damage to this link in the long chain of events leading to
mitosis and division is the only target for radiation-induced delay.!

This investigation was supported by grants CA16110 and CA11602, awarded by the National Cancer In-
stitute, DHEW.

Received for publication 8 November 1976.

REFERENCES

1. PAINTER, R. B., R. M. DREw, and W. L. HuGHEs. 1958. Inhibition of HeLa growth by intranuclear
tritium. Science( Wash. D.C.) 127:1244,

2. BEDFORD, J. 8., J. B. MITCHELL, H. G. GRIGGS, and M. A. BENDER. 1975. Cell killing by gamma rays
and beta particles from tritiated water and incorporated triated thymidine. Radiat. Res. 63:531.

3. Burki, H. J,, R. Roors, L. E. FEINENDEGEN, and V. P. BoND. 1973. Inactivation of mammalian cells
aftter disintegrations of *H or '2I in cell DNA at 196°C. Int. J. Radiat. Biol. 24:363.

4. CLEAVER, J. E., G. H. THOMAS, and H. J. BURkL. 1972, Biological damage from intranuclear tritium:
DNA strand breaks and their repair. Science ( Wash. D.C.). 177:996.

5. EnmanN, U. K, J. R. WiLuams, W. A, NAGLE, J. A. BRowN, J. A, BELLL, and J. T. LeTT. 1975. Per-
turbation in cell cycle progression from radioactive DNA precursors. Nature(Lond.). 258:633.

6. Horer, K. G., C. R. HARRis, and J. M. SMITH. 1975, Radiotoxicity of intranuclear ¢’Ga, 2’1, *H nu-
clear versus cytoplasmic radiation effects in murine L1210 leukemia. Int. J. Radiat. Biol. 28:225.

7. Horer, K. G.,and W. L. HuGHEs. 1971. Radiotoxicity of intranuclear tritium, '**Iodine and '*'Iodine.
Radiat. Res. 47:94,

8. Horer, K. G., G. KEOUGH, and J. M. SmrtH. 1977. Biological toxicity of auger emitters: Molecular
fragmentation vs electron irradiation. Curr. Top. Radiat. Res. In press.

9. KrasiN, F., S. PERsON, and W. SNIPER. 1973. DNA strand breaks from tritium decay: A local effect for
cytosine-6-H. Int. J. Radiat. Biol. 23:417.

10. PAINTER, R. B, and B. R. YOUNG. 1974. Repair replication induced by 3H incorporated into HeLa
DNA. Mutat. Res. 22:203.

11. PAINTER, R. B., B.R. YOUNG, and H. J. BURKL. 1974. Non-repairable strand breaks induced by 2’1
incorporated into mammalian DNA. Proc. Natl. Acad. Sci. U.S.A. 17:4836.

12. PERsON, S.,and M. H. ScLaIR. 1968. DNA degradation from incorporated tritium compounds in
Escherichia coli. Radiat. Res. 33:66.

13. TURNER, G. H., P. NoBis, and W. C. DEWEY. 1976. Fragmentation of chromatin with '>I radioactive
disintegrations. Biophys. J. 16:1003.

14. WaARTERS, R. L., and K. G. Horer. 1977. Radionuclide toxicity in cultured mammalian cells: Elucida-
tion of the primary site for radiation-induced division delay. Radiat. Res. In press.

15. WaRTERs, R. L., K. G. HoOFER, C. R. HaRRIS, andJ. M. SMITH. 1977. Radionuclide toxicity in cultured
mammalian cells: Elucidation of the primary site of radiation damage. Curr. Top. Radiat. Res. In
press.

16. SCHNEIDERMAN, M. H., W. C. DEwEY, D. B. LEEPER, and H. NaGAsawa. 1972, Use of the mitotic
selection procedure for cell cycle analysis: comparison between the X-ray and cycloheximide G,
markers. Exp. Cell Res. 74:430.

17. HiGHFELD, D. P, and W. C. DEWEY. 1975. Use of the mitotic selection procedure for cell cycle analy-
sis: Emphasis on radiation-induced mitotic delay. Methods Cell Biol. 9:85.

18. KIMLER, B. F., and D. B. LEeper. 1976. Effect of adriamycin and radiation on G, progression. Cancer
Res. 36:3212.

19. LEEPER, D. B. 1975. Radiation-induced division delay in CHO cells: Repair kinetics. /n The Cell Cycle
in Malignancy and Immunity. Thirteenth Annual Hanford Biology Symposium. US.E.R.D.A.,
Conference 731005. 193:210.

20. CoMiNGs, D. E. 1972. Replicative hetrogeneity of mammalian DNA. Exp. Cell Res. 71:106.

202 BRIEF COMMUNICATION



