
A vast amount of experimental data supports the hypothesis that cells traversed by
ionizing particles (hit cells) communicate with neighboring cells that do not absorb
energy from the radiation field (bystanders).  Two general modes of
communication are consistent with these observations: (1) direct transfer of
molecules through gap junctions and (2) transport of soluble factors through the
extra-cellular medium.  This project focused on the communication by soluble
factors with the goal of identifying processes in hit cells that generate these
factors.  The project contributed to this goal in three ways: (1) by models of cellular
signaling processes that lead to the release of molecules into the extra-cellular
medium, (2) by analysis of data from proteome-wide high-throughput mass
spectrometry that profiles the differences between media conditioned by irradiated
and control cells, and (3) by models of energy deposition in hit cells that helps
interpret data from experiments with microbeams where bystander effects are
observed.  
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In addition, we developed techniques for using Systems Biology Markup
Languages to setup large-scale kinetic simulation of cellular signaling networks.



The following conclusion can be drawn from the research: 

(1) Low doses of low LET radiation release cytokines into the extra-cellular
medium by regulated proteolysis (shedding).  Experiments with radiated human
mammary epithelial cells (HMEC) detected shedding of epidermal growth factor
(EGF) by ELISA assay; however, modeling studies based on these data
suggested that the amount of EGF released by x-ray exposures in the cGy dose
range could not explain, by simple diffusion, communication with bystander cells at
the large distances observed in experimental studies.  A relay mechanism would
be required to maintain signal strength over the millimeter scale observed for
many bystander effects.  This relay mechanism is currently being investigated by
Brenner and coworkers as a possible explanation for bystander effects detected in
an artificial skin system on the millimeter scale.  

(2) Radiation exposure can increase binding of cytokines to cells by increasing
their availability in the extra-cellular medium.  Exocytosis is a process, common to
all eukaryotic cells, that releases portions of the plasma membrane into the
extracellular medium.   Since these fragments of membrane contain receptor
proteins, exocytosis creates a concentration of receptors in the extra-cellular
medium that can bind to cytokines that would normally induce intracellular
signaling by binding to cell-surface receptors.  Low doses of x-rays inhibit
exocytosis of receptors by decreasing the fluidity of the plasma membrane;
consequently, more cytokines are available in the extra-cellular medium to initiate
cellular signaling by binding to both hit and bystander cells.  Evidence for this
mechanism of bystander signaling was discovered by protein profiling of media
conditioned by low-dose irradiation of Chinese hamster ovary (CHO) cells.
Medium from CHO cells treated with 10 cGy had a higher concentration of the
TFG- receptor than medium conditioned by control cells. 

(3)  The microdosimetry and microdistribution of dose delivered to cells by
microbeam irradiation may influence their ability to generate a bystander signal.
This conclusion was illustrated in our most recent publication where we compared
the distribution of dose in a model of V79 cells delivered by a focus x-ray probe to
that delivered by a He-ion microbeam.  Rapid attenuation of the x-rays means that
a much lower dose will be delivered to the part of the plasma membrane in contact
with the extra-cellular medium for the same dose delivered to the nucleus by a He-
ion microbeam.  If the plasma membrane in contact with the extra-cellular medium
is a target for generation of signals to bystander cells, then this hypothesis would
explain the much larger bystander effect observed with He-ion microbeam
irradiation.


