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ABSTRACT XA9745662

In recent years the interest in apoptosis as possible indicator of radiation damage has
increased. Studies have been done to examine the induction of apoptosis after ionizing
radiation using morphological criteria, characteristic DNA damage pattern(ladders),early
DNA damage using flow cytometry and/or expression of the proteins involved in apoptosis.
But the picture which emerges from these investigations is unclear. Some researchers
suggest that apoptosis studies can be used as potential assays of biological dosimetry, others
doubt if apoptosis can be used as a marker of irradiation at all.
Most studies have been done using relatively high doses of radiation. In this study we focus
on apoptosis induction after relatively small doses (0,1-2 Gy).We detected apoptosis with
the in situ terminal deoxynucleotidyl transferase assay by flow cytometry, and measured the
expression of proteins that regulate apoptosis (Bcl-2, Bax, P53) with Western blotting. As
comparison we used the cytokinesis-block micronucleus assay as a reference. The studies
were carried out in three lymphoid cell lines: the mouse lymphoma L5178Y resistant and
sensitive cell lines widely used in radiobiological studies, and the human pre-B cell
leukemia Reh cells.
Our results indicate that we can not consider the examined parameters of apoptosis as
markers of radiation in these cell lines.

1. INTRODUCTION
Together with the increasing knowledge about the molecular mechanisms of radiation
sensitivity and radiation induced-apoptosis the interest in possibilities of using apoptosis and
the gene products which are involved in signalling pathways leading to apoptosis as possible
indicators or markers of radiation damage has also increased.(1,2,3).
In many lymphoid cells lower doses of irradiation are believed to cause cell death via
apoptosis. In some lymphoid cells apoptosis occurs within hours after irradiation. Others
undergo delayed apoptosis ie, cells divide before they ultimately die by apoptosis(4).
In this work we wanted to determine if there was any relationship between apoptosis,
expression of apoptosis-related proteins (Bcl-2, Bax, P53) and the micronucleus test in two
mouse lymphoma cell lines: L5178Y-R relatively resistant to X-ray (Do=lGy), L5178Y-S
sensitive to X-ray (Do=0.5Gy) which have been used as radiobiological model system(5),
These have recently been studied for protooncogene expression after irradiation(6). We
have also used human pre-B leukemia Reh cell line which expresses high levels of
antiapoptotic Bcl-2 protein.
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2. MATERIALS AND METHODS
2.1. Cell culture and irradiation
Cell cultures were maintained in RPM1/1640 medium with 10% FCS ( 5% CO2 at37°C).
Exponentially growing cells were irradiated in 10 ml flasks(T25) with 0.1, 0.5, 1 and 2Gy
of X-rays (250V, 12mA, 3mm Al, dose rate 1 Gy/min) at room temperature.
2.2.Detection of apoptosis -Terminal deoxynucleotidyl transferase (TdT) assay
The procedure was modified from Gorczyca et al (7). Briefly, at 0, 24, 48 and 72 h after
irradiation 5xlO6 cells were fixed in 1% paraformaldehyde and post-fixed in absolute
methanol at -20°C. To detect apoptosis, cells were incubated in TdT solution (5 units in 50
fj.1) with biotin 16-dUTP (Boehringer Mannheim) as a substrate for 30 min at 37°C, washed
and the cell pellets stained with streptavidin-fluorescein (Amersham) made up in PBS plus
0.1 % Triton X-100 and 3% fat-free milk. After 30 min incubation at 4°C and washing with
PBS plus O.lTritonX-100 the cells were treated with lOOug/ml RNAase (Boehringer
Mannheim) and stained with propidium iodide PI (5jig/ml) for total DNA content. Red
fluorescence from PI bound to DNA and green fluorescence from the labelled DNA ends
were measured for 104 cells in a FACS Vantage laser flow cytometer (Becton-
Dickinson.CA.USA). Percentages of apoptotic cells were calculated from bivariate
distributions of DNA content versus FITC fluorescence.
2.3. Western blotting
After irradiation cell cultures were incubated for 4 or 24 hours and 2-3xl07cells were used
for extracts preparation(method from Research Application, Santa Cruz Biotechnology,In).
Protease inhibitor cocktail tablets(Boehringer Mannheim) were added to these extracts. Cell
extracts were diluted 1:4 in standard Western blotting sample buffer.and run on 12% SDS-
PAGE gel at 60V, 30mA for 14 hours. Blots were stained for Bcl-2 and Bax and p53
proteins using rabbit polyclonal antibodies from Santa Cruz Biotechnology,Inc:
(bcl-2(AC21)and bax(pl9) and p53(E-19). Antibody bound proteins were detected with
biotinylated donkey anti-rabbit Ig, streptavidin alkaline phosphatase and developed with a
BCIP/ NBT system (Amersham).Kaleidoscope prestained standards(broad range) from Bio-
Rad were used as molecular weight standards.
2.4. Cytokinesis-block micronucleus assay
The method was performed according to Fenech (8) with modifications for generation time,
cytochalazyn B(cytB) concentrations, and mitotic delay. Briefly L5178Y-S cells were
incubated with 1.5ug/ml cytB for 17-24h, L5178Y-R with 3ug/ml for 17-19h, and Reh
cells with 3|ig/ml cytB for 44h. For each cell line 2-3 series of experiments were
performed.

3. RESULTS AND DISCUSION
The TdT flow cytometric results confirmed that L5178Y cells undergo delayed apoptosis
as was earlier published(9). Significant apoptosis at doses lower than 2Gy were found
only in the X-ray sensitive L5178Y cell line( t-test, p<0.05) (Figure la.b.). The effect
was most pronounced after 24h after irradiation.
In Reh cells we observed a marked variation in the number of spontaneous apoptotic
cells in controls, and significant apoptosis was only seen after 24hours and 2Gy of X-rays
(Fig lc.) in the irradiated cells (p<0.05).
Western blotting studies demonstrated high levels of expression of the antiapoptotic Bcl-
2 protein in Reh cell line, and lower level of expression of Bax, thus the ratio Bcl-2/Bax
favours Bcl-2. In contrast in L5178Y cells had high levels of Bax protein in both sub-
lines, but Bcl-2 expression could only be detected in the radiation sensitive L5178Y-S.
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We did not observe any changes in the amounts of these proteins at 4 or 24 hours
following irradiation at doses 0.1-2Gy. In L5178Y cells we also determined p53
expression. P53 was detected in the control cells, and no changes in p53 expression were
seen after irradiation as above. These lines have a mutation in exon 5 at codon 170 of
the p53 gene(10). The proteins recognised by the p53 antibodies used were both wild
type and mutant.
Surprisingly, the micronudeus assay studies on these cell lines (Table I) for the low
doses do not show any differences between cell lines which may indicate that this assay is
not a measure of intrinsic sensitivity but rather is a good estimator of the dose.
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Figure 1.
Radiation induced apoptosis in L45178Y-S(a), L5178Y-R(b), and Reh(c) cells 24, 48 and
72h after irradiation with doses 0.1- 2 Gy of X -ray (250kV, 12mA, 3mmAL, dose rate
lGy/min.)Apoptosis was measured using a flow cytometric TdT assay.

Table I
Frequency of micronucleus in three cell lines after X-ray irradiation with doses 0.1-2Gy.
Each value represents results from 2-3 series of experiments

Dose (Gy)

Control
0.1
0.2
0.3
0.4
0.5
1.0
2.0

MicronucIeus/1000 cells ± SD

L5178Y-S
11.5 ± 3.4
17.0 ± 6.80
23.3 ± 7.00
38.7 ±12.8
41.3 ±16.8
42.7 ± 4,20

L5178Y-R
8.0 ± 4.6

24.5 ± 8.7

49.5 ± 7.9
85.0 ± 6.2

190.0 ± 50.3

Reh
11.8 ± 5.1
21.5 ± 6.8

49.0 ±17.8
77.5 ± 20.2

116.7 ±21.0
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Overall, neither the numbers of apoptotic cells nor the expression of apoptosis-related is
proteins can serve as dose estimators in the above lines and at the doses studied. This is in
agreement with the available literature which points out that it is not possible to predict
a cell's tendency to undergo apoptosis from the expression of p53, the bd-2 family of
proteins and c-myc protein(ll). Nor is apoptosis reliable indicator of radiation
sensitivity(3). Therefore we disagree with the recent proposal that radiation-induced
apoptosis has potential as a biological dosimeter(12).

REFERENCES

[I] PLAPPERT, U., RUTZEN-LOESEVITZ, L. What is the status of molecular and cell
biology approaches relevant to radiation effects assessment? Stem Cells 13 suppl.l (1995)
318-322.
[2] OLIVE, P.L., DURANT, R.E., Apoptosis: an indicator of radiosensitivity in vitro?
Int.J.Radiat.Biol.71 (1997) 695-707.
[3] HENRY, J.H., WEST, C.M.L., Apoptosis and mitotic cell death: their relative
contributions to normal-tissue and tumor radiation response. Int.J.Radiat. Biol. 71 (1997)
709-719.
[4] HARMS-RINGDAHL, M., NIKOTERA, P., RADFORD. I.R., Radiation induced
apoptosis. Mutat.Res. 366 (1996) 171-179.
[5] BEER, J.Z., BUDZICKA, E., NIEPOKOLCZYCKA, E., ROSIEK, O., SZUMIEL, I.,
Loss of tumorigenicity with simultaneous changes in radiosensitivity and photosensitivity
during hi vitro growth of L5178Y murine lymphoma cells. Cancer Res. 43 (1983) 4736-
4742.
[6] KAPISZEWSKA, M.,SZUMIEL, I., GRADZKAJ., GASINSKA, A., JAWORSKA,
A., Proto-oncogene expression, cell cycle arrests and apoptosis in X-irradiated L5178Y
sublines. In preparation.
[7] GORCZYCA, W., GONG, H., DARZYNKIEWICZ, Z., Detection of DNA strand
breaks in individual apoptotic cells by the in situ terminal deoxynucleotidyl transferase and
nick translation assays. Cancer Res. 53 (1993) 945-1951.
[8] FENECH, M.,»The cytokinesis-block micronucleus assay in nucleated cells*. Mutation
and the Environment, Part B.Wiley-Liss,Inc.(1990) 195-206.
[9] TAUCHI, H., SAWADA, S, Analysis of mitotic cell death caused by radiation in
mouse leukemia L5178Y cells: apoptosis is the ultimate form of cell death following mitotic
failure. Int.J.Radiat.Biol. 65 (1994) 449-455.
[10] STORER, R.D., KRAYNAK A.R., MCKELVEY, T.W., ELIA,H.C.,.GOODROW
T.L., DELUCA, J.G, The mouse lymphoma L5178Y TK+/-cell line is heterezygous for a
codonl70 mutation in the p53 tumor suppressor gene. Mutat. Res. 373 (1997) 157-165.
[II] KHANNA, K.K., WIE, T., SONG, O., BURROWS, S.R., MOSS, D.J.,
KRAJEWSKI, S., REED, J.C., LAVIN, M.F., Expression of p53, bd-2, bax,bcl-x2 and
c-myc in radiation-induced apoptosis in Burkitt's lymphoma cells. Cell Death and
Differentiation 3 (1996) 315-322.
[12] BOREHAM.D.R., GALE, K.L., MAVES,S.R., WALKER ,J-A., MORRISON,
D.P., Radiation-induced apoptosis in human lymphocytes: Potential as biological
dosimeter. Health Phys.71 (1996) 685-691.

460


