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Abstract

If radiosensitivity is altered in a microgravity environment, it will affect the accuracy of assessing astronauts’ risk from exposure
to space radiation. To investigate the effects of space flight on radiosensitivity, we exposed a crewmember’s blood to gamma rays
at doses ranging from 0 to 3 Gy and analyzed chromosome aberrations in mitotic lymphocytes. The blood samples were collected
10 days prior to an 8-day Shuttle mission, the day the flight returned, and 14 days after the flight. After exposure, lymphocytes
were stimulated to grow in media containing phytohaemagglutinin (PHA) and mitotic cells were harvested for chromosome analysis
using a fluorescence in situ hybridization (FISH) with whole chromosome specific probes. The dose response of total exchanges

showed no changes in the radiosensitivity after the mission.
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1. Introduction

Microgravity in space has been shown to alter gene
expression [1] and can potentially influence the
repair of DNA damaged induced by radiation. A
synergistic effect of microgravity and space radia-
tion would have a major impact on the risk asses-
sment for space travel. Although it has been shown
that radiosensitivity is enhanced during spaceflight
in some cases (see ref. [2] for a review), such a
synergistic effect was challenged by the results of
other studies. In an experiment where cells were
irradiated then frozen prior to a mission and incu-
bated in space, Horneck et al. [3] did not observe
significant differences in the kinetics of DNA bre-
akage rejoining and cell survival between the micro-
gravity samples and the corresponding controls.
Similar results were also obtained by Pross et al.
after exposing yeast cells in space with a beta-
particle emitter [4].

In the present study, we investigated the syner-
gistic effect of microgravity and radiation on the
induction of chromosome aberrations in crewmem-
bers’ peripheral blood lymphocytes. Microgravity
has been shown to influence the growth kinetics of
lymphocytes [5]. In a previous study of astronauts
after 3-5 month Mir missions, Yang et al. reported
that the lymphocytes collected immediately after
mission grew slower in growth medium than the
samples collected before the mission [6]. It took
about 2 weeks for the growth rate to recover to the
pre-flight level. This observation suggested that if
the radiosensitivity was altered in space, it may take
a certain amount of time to recover to the preflight
level and, thus, we would be able to observe changes
in radiosensitivity by exposing astronauts’ blood

samples in vitro to ground-base radiation immedia-
tely after mission.

Synergistic effects of microgravity and spacefli-
ght factors on the induction of chromosome aber-
rations in human lymphocytes have been investiga-
ted in the early days of the manned space program.
During Gemini III and Gemini XI missions, Bender
et al. exposed human lymphocytes to a beta source
in space and compared the chromosome aberrations
induced during flight with ground samples [7, 8].
Although the Gemini III study showed a higher
yield of single-break aberrations in the flight sam-
ples, this result was not confirmed in the Gemini XI
experiment. In the Gemini experiments, the blood
was drawn from test subjects several days prior to
launch and irradiated several hours after launch. In
the present study, however, blood samples were
collected from a crewmember immediately after
return of a Shuttle mission and were exposed in vitro
to a gamma source.

2. Materials and methods

STS-103 was a 8-day Shuttle mission at 28.5 degree
inclination and 586 km altitude. This Hubble Space
Telescope servicing mission had one of the highest
altitudes of the Shuttle missions and an average
crew TLD dose of 1.6 cGy. Blood from a crewmem-
ber of STS-103 was drawn into a vacutainer tube
containing Sodium Heparin (100 U.S.P. units) at
three different times: 10 days prior to the launch
(L-10), the day the flight returned (R+0) and 14 days
after landing (R+14). For the L-10 and R+14 sam-
ples, whole blood was kept on ice and irradiated
with '¥’Cs yrays at a dose rate of 10 Gy/min. After
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irradiation lymphocytes were cultured in RPMI
medium supplemented with 20% calf serum and 1%
phytohemagglutinin (PHA), and were incubated at
37°C for 48 h. Chromosomes were collected by
adding colcemid (0.2 pg/ml) to the cultures and the
cells were incubated for an additional 2 hours.
Metaphase Samples were then swollen in 0.075 M
KCI solution at 37°C for 20 minutes, fixed in
methanol/acetic acid (3:1 vol/vol) fixative solution
and stored at -20°C. The R+0 samples were col-
lected 2 hours after landing, kept on ice and brought
from Kennedy Space Center to Johnson Space Center.
The samples were irradiated with the same Y source
22 hours after landing and incubated at 37°C for 60
hours in growth medium before colcemid was added
for collection of mitotic cells. The longer incubation
time was designed to counter the slower growth rate
of lymphocyte cells experienced after a long dura-
tion mission.

Chromosome aberrations were analyzed using the
FISH technique with chromosome #1 and #5 probes.
Hybridized spreads were counterstained in DAPI
and viewed with a Zeiss Axioplan fluorescence
microscope.

3. Results

Results of the study are shown in Table I. The
preflight background frequency for total exchanges
was 3/2962 = 0.001 and the post flight was back-
ground frequency 10/4287 = 0.002. The background
frequencies were negligible compared to the fre-
quencies of chromosome aberrations induced by 1-
3 Gy of yrays. The comparison of dose response
curves for total exchanges pre- and post-flight is
shown in Figure 1. Total exchanges included com-
plete, incomplete and complex exchanges. It has
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Fig. 1 — Dose response of total exchanges involving chromo-
somes #1 and #5 in crewmember’s lymphocytes irradiated in
vitro with yrays pre- and post-flight. Total exchanges included
complete, incomplete and complex exchanges.

been shown that most of the incomplete exchanges
are in fact falsely scored because some exchanges
are too small to be detected under the microscope
[9]. As aresult, the frequency of incomplete exchan-
ges may vary depending on the degree of chromo-
some condensation and sometimes slide preparation.
Therefore, total exchanges are a better indicator
when comparison of chromosome aberration fre-
quencies is made. No significant differences of total
exchanges was found between pre- and post-flight
samples, as indicated in Figure 1.

Table I — Aberrations in chromosomes #1 and #5 of crewmember’s lymphocyte cells irradiated in vitro with

y rays pre- and post-flight.

Sample Dose Cells Complete  Incomplete Complex Centric Excess

(Gy) scored exchange exchange exchange ring Acentric

fragment
L-10 0 2962 1 0 2 0 0
L-10 1 402 10 8 1 0 0
L-10 2 369 27 17 2 0 8
L-10 3 217 30 12 7 1 9
R+0 0 4287 7 2 1 0 1
R+0 1 466 18 2 0 1 1
R+0 2 476 28 17 2 5 11
R+0 3 281 32 24 13 5 12
R+14 1 317 7 7 0 0 1
R+14 2 222 23 4 2 1 3
R+14 3 170 24 9 4 3 12
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4. Discussion

There was no change in radiosensitivity of crew-
members’ lymphocytes, measured using chromoso-
me damage induced by in vitro Y ray exposures
received within 24 hours of return from an 8-day
mission. This result was in agreement with the
findings reported by Bender et al. [8], Honeck et al.
[3] and Pross et al [4], and indicated that the
response of cells to radiation after a short-duration
mission is similar to the response on the ground.

Whether DNA repair damage capability is altered
after long-duration missions is still an open que-
stion. Certain changes in the performance of cells
were indeed found to be dependant on the length of
the mission. For instance, Konstantinova et al. re-
ported that the decrease in the PHA reactivity of T
cells in cosmonauts after prolonged space flights
was more significant than after 7-10 day missions
[10]. Analysis of chromosome aberrations in crew-
members’ lymphocyte cells after 3-5 month Mir
missions showed a RBE of 3.5 while the Q value
calculated from the tissue equivalent proportional
counter (TEPC) was lower [6]. One possible expla-
nation for the difference in the RBE is that the TEPC
measurement lacked the contribution from the se-
condary neutrons. A possible enhancement in the
radiosensitivity after long-duration missions could
provide an alternative explanation.

The average crew TLD dose for the STS-103
mission was 1.6 cGy. It has been shown previously
that human lymphocytes exposed to low doses of X-
rays are less susceptible to the induction of chroma-
tid breaks by high doses of X rays [11]. This
adaptive response was reported when the initial
exposure was as low as 1 cGy. However, in the
present study, no adaptive response was found when
the initial dose of 1.6 cGy was received over a
period of 8 days in flight. Unlike most of the studies
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of the adaptive response, the 1.6 cGy of space
radiation in the present case was composed of
protons and a small fraction of heavy ions, and the
challenging dose was given about 22 hours after the
Shuttle landed.
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