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DISCLAIMER 

This report was prepared as an amunt  of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 

, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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ABSTRACT 
Current research from our group has demonstrated differences in gene induction 

patterns for high- and low-linear energy transfer radiations; some genes are induced 
selectively following neutron exposure, others selectively following y-ray exposure, and others 
induced following exposure to either. These genes are associated with a broad array of 
different functions including apoptosis, cytoskeletal function, and gene regulations. W e  have 
used differential displaylreverse transcriptadpolymerase chain reaction (dd-RT-PCR) 
technology to identify genes induced following exposure to different qualities of radiation and 
following exposure to radiation in the presence of radioprotectors. 

INTRODUCTION 

following exposure to cellular stress. These studies demonstrate a wide variety of gene 
classes which are induced following radiation exposure in particular (1-7). These classes of 
genes code for proteins having a variety of functions, including proteins involved in growth 
arrest, apoptosis, cytoskeletal functions, oncogenic proteins, cytokines, kinases, and other 
regulators of cell signal transduction, and a variety of "unknown" genes corresponding to 
spots or bands on a gel (1-7). For all of these, the precise mechanism of induction has not 
been defined and the functional significance of the induction is unknown. 

Comparisons of high- vs. low-linear energy of transfer (LET) radiaticns, high vs. low doses, 
and high vs. low dose-rate exposures have all shown differences in gene induction under 
different radiation conditions. In more recent studies we have used dd-RT-PCR to identify 
other genes regulated following radiation exposures under a wide variety of different 
conditions (different doses, dose-rates, presence or absence of protectors, etc.). 

During recent years, many studies have focused on genes which are regulated 

We have defined differential effects of irradiation conditions (1-4) on gene expression. 

MATERIALS AND METHODS 
Cells and treatments. Syrian hamster embryo (SHE) cells or Chinese hamster ovary 

cells (CHO) were maintained as described previously (1). Cells were irradiated with JANUS 
neutrons or y rays (Corn) using doddose-rates described in the Results and Discussion. 
Exposure conditions were similar to those reported previously (1). 

(1). PolyA+ RNA was used for Northern blots, while total RNA was used for differential 
display. 

Differential display. PCR was carried out as described (8). Differential display was 
performed as described by Liang and Pardee (9) except that 32P-labeled primers were used 
for all reactions. Three 3' primers (T,,MA, T12MC, T,,CA) and two 5' primers 
(TCCTGTGACC and CTTGATTGCC) were used. 

Northern blots. RNA was extracted and Northern blots were performed as described 
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Table 1. Effects of radiation exposure on mRNA accumulation in SHE cells" 

Gene 

Interleukin- 1 

p-actin 

y-actin 

p-PKC 
Rp-8 

c--0s 
c-myc 

a-tubulin 

fibronectin 

Interleukin-6 
proliferating cell nuclear Ag 
(PCNA) 
superoxide dismutase 

c-jun 

Rb 

H4-histone 

P53 

Effect on Expression 

"0 Y rays 
T T 
I 
T 

NCb 
1' 
1 

T 

T 
T 

NC 

1 
T 
T 
NC 
T 

T 
T 
ND" 

T 

NC 

ND T 
.r T 
1 .r 
1 T 

NC NC 

Function 

cytokine 

cy toskeleton 

cytoskeleton 

signal transduction 

apoptosis 

transcription factor 
nuclear protein 

cytoskeleton 

cellular matrix 

cytokine 

transcription factor/repair 

scavenger 

transcription factor 

nuclear protein 

nuclear protein 

nuclear protein 

"All changes evident within the fmt  4 h following radiation exposure 
bNC = no change 
'WD = not done 

RESULTS AND DISCUSSION 

unpublished expression results which define genes as induced (T), repressed (&), or unaffected 
(NC) by exposure of SHE cells to JANUS neutrons (no) or y rays. At least one major 
function attributed to each protein is also listed. Results are from exposures ranging from 
21-200 cGy of neutrons or 96-300 of cGy y rays administered at either low (0.1 cGY/min 
for neutrons; 1 cGy/min for y rays) or high (14 cGy/min for neutrons; 12 Gy for y rays) dose- 
rates. If any dose/dose-rate demonstrated two-fold or more induction of a transcript evident by 
Northern blot, the gene was considered to be induced. Reductions in expression by 50% were 

Table 1 documents the combined results of published (1-4) and previously 
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considered to be repressed. These results demonstrate differential cellular responses to high- 
and low-LET radiations evident in the lowdose range. 

labeled primers, we have observed different patterns of expression in cells exposed to high- 
vs. low-LET radiation. In addition, we have detected differences in cells exposed to ionizing 
radiations at low vs. high dose-rates. 

absence of radioprotectors. Sequencing of the 3’uTR and comparison to GenBank sequences 
has shown some of these genes to be kinases, some to be components of the nuclear matrix, 
and others to have been previously sequenced but not associated with a function. For still 
other genes, corresponding sequences in Genbank have nQt been found; therefore, they are 
likely to represent previously unidentified genes. 

Using differential display techniques modified to decrease artifacts from the use of 

Recently we have identified bands induced by y rays (750 cGy) in the presence or 
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