RESPONSE OF THE AMES TEST TO DIFFERENT TYPES OF
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Carcinogenesis is seen as the dominant risk of low doses of ionizing radiations.

Risk estimates are based on epidemiological dies and animal experiments. Af-

ter the revision of the dosimetry in Hiroshima one has very little epidemiologi-
cal data for densely lonizing radiation. This and the impending revision of the
quality factors has given added importance to transformation studies with dense-

ly fonizing radiations.

We have performed transformation studies with a -particles and various heavy
ions to investigate the effectiveness of radiation of high ionization density

and the possible role of the dose rate. The work is also directed towards the

lucidation of the cellular and molecul: hani: of radiation carcinogenesis.

In Vitro Transformation Assays

The transformation studies were performed with C3H 10T1/2 mouse embryo-fibro-
blasts in order to make our data comparable to those from other laboratories.
The convential focus assay was utilized which is illustrated in Figure 1. The

Figure includes a transformed cell clone, a focus of type IlI.
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Figure 1:
Scheme of the traneformation assay with C3H 10T1/2 cells



For the investigation of growth par s, chr I status, tumorigenicity

and g expression Syrian | embryo cells (SHE) were transformed

by different types of ionizing radiation. The primary SHE cells age during a
few passages and only the immortalized or transformed cells overgrow the

dying, aged cells.

Inactivation and Transformation of C3H 10T1/2 Cells

The inactivation curves of C3H 10T1/2 cells exposed to y-rays and a-particles
are shown in Figure 2. The survival relation after y-irradiation has a pro-
nounced shoulder, in contrast to the survival curve after a-irradiation. The

D,, for a-particles was 0.6 Gy.
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Figure 2: |

Inactivation of C3H 10T1/2 cells by y-rays (@) and a-particles (O).



Elkind and coworkers have reported a greatly enhanced transformation efficiency
in C3H 10T1/2 cells exposed to low doses of fission-spectrum neutrons protracted
over several hours (Hill et al., Int.J.Radlat.Biol., 46, 11-15, 1984). These
results were highly unexpected in view of accepted biophysical considerations,
and they are of sufficient pragmatic importance to make analogous investigations

with other densely ionizing radiations mandatory.

In our studies with a-particles, we have followed the experimental protocol of
Hill et al. with only minor changes, but we do not see any reversed dose rate
effect on transformation efficiency. The results are compared with those of Hill
et al. in Figure 3. The transformation efficiency of a-particles at high dose
rate is somewhat lov;er than that of neutrons at high dose rate. The dose de-

d 3

p for a-exp es at high and low dose rates are the same.
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Figure 3:

Transformation rates after exposure to a-particles at different dose rates:
(®) 0.83 mCy/min, (A) 1.7 mGy/min, (V) 2.5 mGy/min, and (O) 0.2 Gy/min. For
comparigon the results of Hill et al. (1984) with neutrons at high and low
dose rates are shown as solid lines.



Transformation experiments were, as shown In Table 1, also performed with a
variety of heavy lons with LET from 170 to 15 700 keV/um. The transformation
ylelds decrease with increasing lonization density. This Is the case not only
with regard to the frequencies per unit absorbed dose but even to the fre-
quencles per particle, I.e. per unit fluence. For the heaviest ions, I.e. ura-

nium with different energies, no transformations were obtained.

lon  Energy LET Tms’muml.'mn fluences OIﬂlj
MeV/iu  keVipm  2.5x105  S.0x105  1.0x108  1.Sx106  2.0x106  3.0x106  w.0x108  6.0x108

c .0 17 <08 0.8 1383 <o <o.8 13013

c 5.8 0 <08 <o0.s <04 1508 exes 2212

[ .0 s 2201 2.010.9 1.600.8
Ar .6 0 s.00.8 2.600.2 1.721.0
Ar .6 1800 1.120.8 1.%0.9 2.721.2 1.120.8

Fe .3 1500 <o.6 1.3t0.9 ‘ Lene 2411

e 1.7 300 L. 2.3:10.8 <0.8
Xr 5.5 w00 0.800.8 0.6:0.6 <o
[ 7.8 1390 0.6:0.6  0.6:0.6  0.7:0.7 0.6 .6

v 16.3 12000 <0.8 <0.8
u 9.0 15300 <0.9 <0.8
u 5.0 is00  <o.8 <0.8 <0.s <0.6 <0.8

Table 1:
Transformation frequencies per surviving C3H 10T1/2 cell for various heavy ions

Tumorigenicity and Growth Parameters of Transformed SHE Cells

Al radiation transformed cell lines induced tumors in athymic nude mice, as
shown in Table 2. Syrlan Hamster embryo cells which immortalized spontaneously
were only tumorigenic after more than 30 subcultures. The latency period of

tumor induction was between 3 and 6 weeks.



Cell line Tjpeof . Dose  Passage Latency Tumor
radiation - (6y) nusber  period b  cell line
82-9 5 —
0 | —
0 4 1 188
[l n 5 T2
Bl %oy 25 A 3 Tau
A30Ib1 o 5.0 5 [ T2
[k (3] %oy 15 2 1 T2148
A3011at ey 0.5 2 ] T 2160
A3811b4 ey s 2 3 108
A3811e2 - 1.5 A 4 T 2764
MOI-2 Carbon 0.1 5 6 1%
AOIL-2 Carbon 0.5 5 6 1%
MoIII-2 Carbon 1.08 5 5 129

Table 2:
Tumorigenicity of transformed SHE cells exposed to y-rays, a-particles and
carbon tons.

Table 3 lists the plating efficiencies of transformed and tumor cell lines under
normal culture conditions and in semisolid medium (soft agar). The cloning effi-
clency in soft agar of tumor cells was always higher than that of the correspond-
ing transformed cell line from which they were derived. This indicates that addi-
tional events may take place during tumor development. The doubling times of
transformed and tumor cells are shorter than the doubling times of primary SHE

cells,



Cell line Type of Dose  Passage PE 0T ...PE in soft agar

radiation  [6y)  mosber (hors) -, fa0?)
89 [ 0.5 2 <«
0 k| 08 1.2 <017
1] [ 0Ly 94 0.3
] 3 0 865 L]
[ n 0.8 103 <0t
Tam 9 0.5 133 > 5
8at %oy 25 -] 0.8 158 0.5
Tau 3 01 136 12.0
A30bt oy 5.0 a 0.5 154 0.7
T4 3 0L 103 10.4
A3t "oy 15 A 060 165 0.3
104 3 062 Wi a8
B Mgy 5 3 091 133 <0.01
1280 [ 0.7 198 14
A3BIIbt Ty s A 0% My <0.01
T v [ 083 164 94
3811c2 gy 15 3 0.85 154 <0.01
1264 3 068 158 > 50
MoI-2 Carbon (XU | (X: B TX] <0.04
1% [ 0 A4 58
10018 Carbon 0.5 7 08 136 <0.01
T ] 05 W4 .6
MOII-2 Carbon 18 7 080 133 0.u
17m ] 0.5 126 19

Table 3:

Growth parameters of transformed SHE cells and tumor cell lines derived
from tumors in nude mice after subcutaneous injection of 2x106 cells.



Chromosomal Status and Expression of the ras Oncogene

The three histograms of the chromosome numbers of SHE cell lines transformed

by y-rays, a -p2rticles, and carbon lons are ples for the chr 1}
status of radla'?lon_trons!omd SHE cells (Figure 8). The transformed cell popu-
lations contain various fractions of cells with a diploid, aneuploid and tetraploid
set of chromosomes. Primary diploid Syrian Hamster cells have 80 chromosomes.
Experiments are underway to characterize various subclones of different trans-

formed cell lines.
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Figure 4:

Histograms of the chromosome mumber of transformed SHE cell lines exposed
to y-rays (A38Ic-1), a-particles (A38IIb-1), and carbon ions (A40II-1).




It has been demonstrated that transformed cell lines and cells of varlous human
tumors tend to express a mutated ras oncogene or show enhanced expression of

ras genes. It is of particular Iinterest to | { the g expression

in cells transformed by different types of lonizing radiation in comparison to

Y d transfor Figure 5 Is a Northern analysis for the ras

oncogene of varlous transformed and tumor cell lines derived from SHE cells. The
cell line A37llc3 (transformed by 7.5 Gy vy -rays) and, to a higher degree, the
corresponding tumor cell line T 2662 show enhanced expression of the Ha-ras

oncogene. For comparison the nylon filter was cohybridized with an actin probe.
The other cells

pp to lack enh d ras expressi These preliminary

results have to be confirmed, and further experiments are needed in order to

Id: the hani for enh d ras expression in radiation induced
transformation and radlation carcinogenesis.
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Figure 5:

Northern Blot for the ras gene of
various transformed and tumor cell
lines

1T2760 0.25 Gy a-rays
2 T 2653 1.5 Gy a-rays
3 T 2655 spontaneous

4 T 27218 7.5 Gy xzrays
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? A37 Xo  spontaneous
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