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Abstract

The aim of the present study is to analyze the effects of low doses of radiation due to radon (within the range present
in the environment) in the proliferation of normal (fibroblasts) and tumoral (MCF-7 human breast cancer cells) mam-
malian cells. Both fibroblast and MCF-7 cells were incubated in culture media with different levels of radon (doses
of 10-15000 uGy), or non-radon (control). After incubation the number of cells per plate was measured with a
hemocytometer. The dissolution of radon in the culture media decreased the proliferation of MCF-7 cells (not the fi-
broblasts). Within the range of doses used in this experiment, the lowest as well as the highest doses of radiation had
the lowest antiproliferative effects. Intermediate doses strongly decreased the number of final cells with respect to those

in the control population.
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1. Introduction

Even though the radioactive gas radon (**’Rn)
is considered the main cause of radiation to man
[1,2], there are very few experiments which study
the effect the gas has on the proliferation of mam-
malian cells. The ones that stand out most are
those published by Jostes et al. [3] and Schwartz et
al. [4], in which the relation between the dose of
radiation and the percentage of survival of a popu-
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lation is established, and at the same time deter-
mines the RBE of the radiation emitted by radon.
The results found are equivalent to those obtained
previously [5] by irradiation with alpha particles.

Previous experiments of cellular irradiation
were always carried out using high doses of radia-
tion. However marginal evidence exists which
shows that low doses of ionising radiation can pro-
duce different effects from the purely cytotoxic
ones. Part of this evidence can be found in Luckey
[6], where a number of studies report different ef-
fects as a consequence of low doses of radiation.
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More recently, some authors [7,8] noted stimula-
tion of the immune system in individuals who have
received radiation, and others [9] found significant
effects on the cellular membrane for doses of
slightly ionizing radiation. Also, a remission of
breast tumours was reported for mice who receiv-
ed a low dose of radiation combined with a strict
diet [10].

The above facts indicate that low concentrations
of radon can produce different effects compared
with a high dose. In order to describe its cytotoxic
effects on a cellular population in these conditions,
we have carried out a series of experiments in
which low concentrations of radon are used as an
irradiation agent on fibroblast and mammalian
tumoral cells.

2. Methods

3T3 mouse fibroblast were obtained from Amer-
ican Tissue Type Culture Collection (Rockville,
MD) and MCF-7 human breast cancer cells were
kindly donated by Dr D.E. Blask of the Mary Im-
ogene Bassett Hospital Research Institute,
Cooperstown (NY). Both cell lines were maintain-
ed as monolayer cultures in Dulbecco’s Modified
Eagle’s Medium (DMEM) (Sigma Chemical Co.,
St Louis, MO) supplemented with 5% fetal bovine
serum (FBS) (Biological Industries, Haemek,
Israel), penicillin (20 units/ml) and streptomycin
(20 pg/ml) (Sigma Chemical Co., St. Louis, MO),
at 37°C in a humid atmosphere containing 5%
CO,.

In order to introduce radon into the culture me-
dium, we developed a device (Fig. 1) consisting of
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Fig. 1. Experimental device for dissolution of radon in the cell
culture media.

a source of radon (an ampoule containing *?°Ra)
from which radon diffuses through the air to a
glass vial containing the culture medium. The con-
centration of radon in the culture medium depends
on the time it has been diffusing from the source.
After different times of exposure to ***Ra, vials
were tightly closed and radon concentration was
measured using a gamma spectrometry semicon-
ductor GeHP (Canberra) coupled with a
multichannel analyzer. The short life radon
daughter gamma emitters were determined under
the 352-keV 2'“Pb and 612-keV 2*Bi photopeaks.
By successive measurements, a progressive radio-
active equilibrium could be detected between
radon and its daughters, reaching a plateau after
3 h. This system of measurement, which allows us
to determine the level of radon in equilibrium with
its daughters, was calibrated using samples of
22Ra of known activity prepared with the same
geometry as the samples to be measured.

Before the experiment, cells (MCF-7 or fibro-
blasts) from stock plates were incubated for 5 min
at 37°C, in a 0.25% trypsin/0.15 M phosphate-
buffered saline solution and were passed repeated-
ly through a 25-gauge needle to produce a single
cell suspension. Cell counts and viability were
determined in a hemocytometer by the trypan blue
exclusion test. Cells were adjusted to a density of
3.0 X 107 cells/dish and plated into 60 x 15 mm
culture  dishes  containing DMEM + 5%
FBS + penicillin (20 units/ml) + streptomycin (20
pg/ml). After the cells had been firmly attached to
the dishes (4 h), the culture media were aspirated
and the plates were replenished with fresh media of
different levels of radioactivity obtained at dif-
ferent times of exposure to diffusion of radon from
22Ra. Aliquots (5 ml) of each radioactive medi-
um together with remnants from the tubes con-
taining the media added to the plates were taken
at the beginning of the incubation and analyzed by
gamma spectrometry.

Cells were incubated for 3 days in either radon
dissolution or control culture media. After this
period of incubation, the culture media were col-
lected and their final concentrations of radon
daughters measured. The cells were harvested by
treatment with a 0.25% trypsin-phosphate buf-
fered saline solution, passed through a 25-gauge
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sterile needle several times and were measured
with a hemocytometer.

Four experiments were performed with MCF-7
human breast cancer cells (with a total of 16 dif-
ferent radon concentrations) and three experi-
ments with fibroblasts (13 radon concentrations).
For each experiment, six dishes were used for each
concentration of radon in medium, and the same
number was used for controls.

The measurement of the culture media, after 3
days of incubation, resulted in a zero radon con-
centration. Since the mean life span of the alpha
emitters 2'®Po and ?'*Po is short compared to
their exposure time on the dishes, the doses were
calculated according to the alpha energy deposited
through the total disintegration of the radon
daughters starting from the existing initial concen-
trations. The errors in the doses calculated, due to
those produced in the measurement of the sam-
ples, are <10%.

3. Results

The results obtained are illustrated in Fig. 2 for
fibroblasts and Fig. 3 for MCF-7 cells. They de-
scribe the cellular proliferation after 3 days
depending on the dose of radiation in the culture
media. The two figures show the number of cells
on the plates containing radon (expressed as a per-
centage with respect to the number of cells in no
radon culture media) against the calculated doses
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Fig. 2. Number of 3M3 fibroblasts in plates with radon culture
medium (expressed as a percentage in relation to the number of
cells in control media) against the dose of radiation calculated
in each culture medium (expressed as log of dose in uGy).
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Fig. 3. Number of MCF-7 breast cancer cells in plates with
radon culture medium (expressed as a percentage in relation to
the number of cells in control media) against the dose of radia-
tion calculated in each culture medium (expressed as log of
dose in pGy).

in each culture media (expressed as log of dose in
uGy). Each data point illustrated is the average
value of a combination of six plates and is affected
by a standard deviation of 4—10% of the average
value of the number of cells. The control, unir-
radiated cells, are affected by values of the stan-
dard deviation between 6 and 10% of the average
values. Differences between the proliferation cells
in control and in radon media were analyzed by
the Wilcoxon signed rank test. The relationship
between cell proliferation (percentage vs. control)
and doses (as log of doses in uGy) was analyzed by
stepwise polynomial regression [11].

Fig. 2 illustrates the results obtained for the pro-
liferation of fibroblasts. Within the range of doses
used there are no point data which differ
significantly from the control group and the group
irradiated is not significantly different from the
group not irradiated (P > 0.05).

The result is different in the case of human
breast cancer tumoral cells (MCF-7), as illustrated
in Fig. 3. Even though there is a wide spread of
data in low doses and some data points in this
region and in larger doses are not individually dif-
ferent from the control, the group irradiated have
a significantly different proliferation from those
which are not irradiated (P < 0.001). This anti-
proliferative effect was, however, not linearly re-
lated to the radiation doses. Within the range of
doses used in this experiment (from 10 to 15 000
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uGy), both the lowest and the highest doses of ra-
diation had the lowest antiproliferative effects. In-
termediate doses (100-1200 uGy) strongly
decreased the number of final cells with respect to
those in the control population. The reduction in
the proliferative rate reached its highest value
(52%) for radiation doses of 700 uGy.

The relationship between inhibition of cell pro-
liferation and doses of radiation in culture media
fits a second-order polynomial regression:
y = 125.98 - 47.139x + 8.976x? where x is the log
of dose (uGy) and y is the cell proliferation of ir-
radiated cells (percentage vs. controls) (r = 0.622,
P < 0.05).

4. Discussion

Radioactive radon gas of natural origin is pres-
ent in every place inhabited by man, producing an
equivalent effective dose which can be estimated at
2 mrem/year, [12]. The radon concentration which
this average dose produces has important spatial
variations. Higher concentrations of radon are
found in dwellings where there is a significant high
quantity of radium in the ground [13]. There are
also higher concentrations of radon in the air in
caves and mines [14], and also inside some spas
[15]. In all of these cases, groups of people receive
doses of radiation due to radon moderately
elevated in relation to the above mentioned aver-
age. In this work we have used doses within this
range, but moderately above those received on
average from radon.

The experimental methodology used in the pres-
ent study is similar to that used before [4]. The
presence of radon daughters in the culture medium
produces an irradiation of the cells. The growth of
these cells incubated in radioactive culture media
is compared to the growth of cells from the same
pool incubated in control culture media. However,
the doses of radiation used are 102-10* times
lower than those used in other in vitro studies.

Using this methodology and within the interval
of the doses used, the effects on the groups of fi-
broblasts seem to be an extrapolation from those
found with high doses of radiation. It is reasonable
that doses <0.01 Gy do not have a significant
effect on the growth of groups of fibroblasts hence

irradiated cells develop the same as the control
group.

On the other hand, and for the same reasons, it
is surprising that this interval of doses produces
some type of effect on the growth of tumorous
mammalian cells. Doses of <0.01 Gy bring about
reductions in the group, by up to 60% of the con-
trol group. However, this result does not seem to
be a consequence of the greater radiosensitivity of
the cells. We noted that the doses produced greater
effects at intermediate values than at high values
and that extrapolation is impossible to the results
for the highest doses. The interval of doses used
consists of more than two orders of magnitude,
being sufficiently extensive to have provided a
monotonous relationship between survival and
dose if it exists.

A few experiments have been described in which
radiation at low doses produces non-linear effects
which cannot be extrapolated from those which
have used high doses. Some of these experiments
form part of the compilation of work collected by
Luckey on the effects of different types of radia-
tion on vegetables or animals. A more recent work
[16] used doses lower than environmental levels
for the radiation of paramecium. In most cases,
the radiation has a stimulating effect on the
cellular groups. The contradictory results obtained
by us could be due to the distinct metabolism of
the cancerous cells as regards rapid growth.

It is difficult to imagine a mechanism which pro-
duces the effects observed acting with a range of
doses. An evaluation of the percentage of cells
reached by alpha radiation from decay products of
radon indicate that this is very small and that the
harm caused by a direct effect cannot justify the re-
sults found. A possible indirect mechanism could
be related to the formation of peroxides by radia-
tion and the reaction between these and the lipids
which form the cellular membrane. This type of
reaction can occur with a range of concentrations
and can be used to justify the form of the relation
obtained by dose-effect.

5. Conclusions

From the above results, we conclude that the in
vitro exposure of human breast tumor cells to low
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doses (100-1500 uGy) from radon sources,
significantly inhibits cellular proliferation. Al-
though this conclusion remains to be proven with
more extensive studies, particularly in the region
of low doses, it does present an initial interesting
finding.

Since the doses of radiation used in our experi-
ment are within the natural range, with the
necessary reservations due to the use of data com-
ing from an in vitro model, we consider that our
results could form a basis for epidemiological
studies about the incidence of mammary tumors in
populations exposed to natural radiation.
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