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The objective of the project was to elucidate the mechanisms underlying the biological
effects of low dose/low dose rate ionizing radiation in organs/tissues of irradiated mice that differ
in their susceptibility to ionizing radiation, and in human cells grown under conditions that
mimic the natural in vivo environment. The focus was on the effects of sparsely ionizing cesium-
137 y rays and the role of oxidative metabolism and intercellular communication in these effects.
Four Specific Aims were proposed. The integrated outcome of the experiments performed to
investigate these aims has been significant towards developing a scientific basis to more
accurately estimate human health risks from exposures to low doses ionizing radiation. By
understanding the biochemical and molecular changes induced by low dose radiation, several
novel markers associated with mitochondrial functions were identified, which has opened new
avenues to investigate metabolic processes that may be affected by such exposure. In particular,
a sensitive biomarker that is differentially modulated by low and high dose y rays was
discovered.

Major highlights:

1- Intercellular communication among irradiated cells exposed to low dose y rays (1-10
cGy) delivered at very low dose rate (0.2 cGy/h) contributes, in the hours after
irradiation, to protective responses against DNA damage induced by the radiation and
from normal oxidative metabolism. Up-regulation of gap junction communication among
cells exposed to a chronic dose of 10 cGy resulted in the cells harboring lower levels of
chromosomal damage than what occurred spontaneously at the basal level. The effect
was associated with modulation of cell cycle progression.

2- The Translationally Controlled Tumor Protein (TCTP) is up-regulated in normal human
cells and tissues of mice exposed to low dose vy rays, but down-regulated in cells and
tissues exposed to high dose y rays (4 Gy). Upon exposure to doses as low as 1 cGy (a
dose received in many diagnostic procedures), the TCTP level was greatly increased in
human cells, with a significant enrichment in the nuclei. TCTP upregulation was
dependent on the early sensors of DNA damage, specifically the protein ATM and the
enzyme DNA-dependent protein kinase (DNA-PK). Importantly, this upregulation was
associated with protective effects against DNA damage. As shown in the case of cells
treated with DNA repair inhibitors in previous experiments, repair of y-ray-induced
chromosomal damage was compromised in TCTP-deficient cells. In the chromatin of
irradiated cells, TCTP was found to exist in complex with ATM and YH2A.X, a protein
that marks the sites of DNA damage. This finding is in agreement with TCTP’s distinct
localization with the foci of the DNA damage marker proteins YH2A.X, 53BP1, and P-
ATM. Furthermore, TCTP was shown to interact with the DNA-binding subunits Ku70
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and Ku80 of DNA-PK, a protein with a major role in repair of DNA double-strand
breaks, a particularly harmful form of DNA damage.

In normal cells, TCTP did not affect such cell cycle progression towards division
under normal, homeostatic conditions. However, TCTP had a prominent effect on stress-
induced cell cycle checkpoints, which ensure that the cell cycle progresses without any
DNA damage. We found that TCTP interacted with p53, a critical protein component of
such checkpoints that maintains genomic integrity.

The expression patterns of many miRNA differed after exposure to either chronic or
acute 10 cGy. The expression of mIRNA let-7e, a negative regulator of RAS oncogene,
and the c-MYC miRNA cluster were upregulated after 10 cGy chronic dose but were
downregulated after 3 hours of acute 10 cGy. The miR-21 was upregulated in chronic or
acute low dose and moderate dose treated cells, and its target genes hPDCD4, hPTEN,
hSPRY2, and hTPM1 were found to be downregulated. These findings highlight the
importance of dose rate in modulating the cellular response to ionizing radiation.
Exposure to a chronic dose of 10 cGy results in up-regulation of the cellular content of
the antioxidant glutathione. Further, the DNA damage that occurs by exposure to acute-
10 cGy is protected against by two ways: 1) Up-regulation of cellular antioxidant enzyme
activity (overexpression of Mn-superoxide dismutase, catalase or glutathione peroxidase),
and 2) inhibition of superoxide anion generation by flavin-containing oxidases.

Together, the results support a significant role for oxidative metabolism in mediating
low-dose radiation effects.

Aconitase activity and mitochondrial protein import are sensitive markers of exposure to
ionizing radiation. The effects of y rays on these endpoints vary in organs that differ in
their sensitivity to ionizing radiation. Further, differential effects occur in mice that differ
in their genetic susceptibility to radiation.

Oxidation/reduction reactions induced by low dose/low linear energy transfer ionizing
radiation (y rays) are similar to those caused by endogenous metabolism. Using cell
cycle progression as an endpoint, the results of comprehensive studies provide direct
evidence for such similarity.

In contrast to results in progeny of cells exposed to low mean doses of densely ionizing
radiation (e.g. a particles, high charge and high energy particles), the micronucleus
frequency (a surrogate form of DNA damage) in progeny of cells exposed to 10 cGy of y
rays delivered acutely or chronically was similar to that observed in the progeny of
control cells. On the other hand, exposure of the progeny of 10 cGy-exposed cells to a 4
Gy acute challenge from vy rays results in significantly increased delay in the transition
from G; to S phase of the cell cycle than what occurs in progeny of respective control
cells.

To gain insight into the biochemical changes induced by low dose ionizing radiation, we
determined global S-nitrosylation by ‘Biotin Switch” assay in different organs of
C57BL/6J mice exposed to acute 10 cGy of **'Cs y rays in the presence or absence of
lopamidol, a contrast agent used during computed tomography scans. To examine
whether similar or distinct nitrosylation events are induced following high dose
irradiation, mice were also exposed in parallel to 4 Gy. Significant dose and contrast
agent-dependent changes were detected in organs that differ in their radiation sensitivity.
Mass spectrometry analyses of modulated SNO-proteins suggested an effect on numerous
pathways, including oxidative metabolism, DNA repair, Ras signaling and E3 ligase
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function.

Together, the studies supported by this award highlighted the critical importance of
radiation dose and quality in modulating targeted and non-targeted effects of low
doses/low fluences of ionizing radiation. They are pertinent to developing a scientific
basis for radiation protection standards, and may have translational applications in
therapeutic regimens.
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