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INTRODUCTION

Past work by our group (1-4) and others (5-9) has shown the modulation of specific
genes following exposure of cells to ionizing radiation. Many classes of genes have been
found to be modulated in response to ionizing radiation, including those encoding
cytoskeletal elements (2,3), cell growth arresting proteins (5), cytokines (1,6), and cellular
oncogenes (7,8). The functions of this specific modulation of gene expression are currently
being investigated by several groups; it has{_n suggested that gene modulation in response
to radiation plays a role in cellular rep_ of DNA damage, cell survival, or cellular
transformation (1-7). Several groups have examined induction of nuclear proto-oncogenes
following exposure to DNA-damaging agents (4,7,8).

=,
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__ MATERIALS AND METHODS

Cells and Culture Conditions. In all experiments, we examined modulation of gene
expression by ionizing radiations in Syrian hamster embryo (SHE) fibroblasts, which ,are
normal diploid cells that can be neoplastically transformed by low doses of ionizing
radiations (10).

Radiation Treatment. Cells plated in 100-mm Petri plates containing 10 nal of_..

medium were irradiated with _°Co "/-rays or fission-spectrum neutrons (0.85 MeV) from the
JANUS reactor (11). All irradiations were performed at 37 °C on cycling cells; equitoxic
doses of neutrons and 7-rays were selected on the basis of survival data (10).

-- Purification of RNA and Northern Blots. RNA preparations, RNA electrophoresis,

- 0 and Northern blots were performed as previously described (15-18). Equal ,amounts of
- mRNA on the biot were confirmed by hybridization to p53 or c-myc.
_- eDNA Clones. We thank the following people who provided us with cD__A clones:

c..jun eDNA was obtained from Dr. W. Lamph (Salk Institute); Rb clone from Dr. Dryja; H4-
histone clone from Drs. G. and J. Stein; c-fos and c-myc from American Type Cuhure
Collection; and p53 from Dr. A. Levine.

__ RESULTS AND DISCUSSION

Experiments were performed to determine the effects of radiation dose, dose rate, and
quality on expression of genes encoding nuclear proteins (c-jun, Rb, H4-histone, p53, and

_- c-myc). Cycling SHE cells we:_ exposed to varying doses (0 to 200 cGy) of y-rays



DISCLAIMER

This report was preparedas an accountof work sponsoredby an agencyof 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 responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents

= thatitsusewouldnotinfringeprivatelyownedrights.Referencehereintoany ape-
cificcommercialproduct,process,orserviceby tradename,trademark,manufac-
turer,orotherwisedotsnotnecessarilyconstituteorimplyitsendorsement,recom-
mendation,orfavoringby theUnitedStatesGovernmentor any agencythereof.
The viewsand opinionsof authorsexpressedhereindo not necessarilystateor

•_ reflect those of the United States Government or any agency thereof.

.......................................... I' I'll,I,_I,...." ........_.... l[II,[_Ifrnw'f......::"f[_(I'l_ll'IIi_III'_'P:=:I'""'_#'"rllIJl_l_l,'I','rl_'lliillPiIlj,jliIjj,illliiii,,11......l,,jjlSl,,jlyIl]lll



adm_.nistered at either high (14 cGy/min) or low (I cGy/min) dose rates. One hour after
exposure, RNA was harvested from the cells and analyzed by Northern blot hybridization
for expression of genes encoding nuclear proteins. Microdensitometric analyses of a series
of Northern blots are shown in Table 1. Results from similar experiments examining the
effects of JANUS neutron exposure on expressio, of genes encoding nuclear proteins are
depicted in the microdensitometric analyses presented in Table 2.

The experimentsreportedhere were designed _o examine the effects of radiation
, exposureon expressionofgenesenccxRngnuclearproteins.Our resultsconfirmthework

ofShermanetal.(7),documentinginductionofc-junfollowingexposarctolow-LET
radiations,andsimilarlydemonstratea failureofhigh-LETradiations(neutrons)toinduce
c-juninSHE cells.Alloftheexperimentsprcscnte_hcrcprovidefurthersupporttothe

Table1

RelativeExpressionofTranscriptsEncodingNuclearProteinsFollowingy-RayExposure:
CyclingCells'

Transcripts b
-

Dose
Dose Rate

= (cGy) (cGy/m) c-jun Rb H4-Histone p53 c,.myc

0 0 1.0 (.04) 1.0 (.01) 1.0 (.04) 1.0 (.1I) 1.0 (.03)

= 6 1.0 1.6 (.04)_ 0.9 (.08) 1.4 (.08) 1.1 (.09) HND d

25 1.0 2.2 (.07) '_ 1.3 (.03) 1.4 (.03) 1.3 (.09) HND

" 50 1.0 1.8 (.12)_ 1.7 (.03)* 1,,7(.08)_ 1.3 (.06) HND

75 1.0 1.7 (.17)_ 1.3 (.08) 2.0 (.07)_ 1.4 (.02) HND

2 25 14.0 1.5 (.11)_ 0.9 (.09) 1.4 (,02) 1.1 (.02) HND

---" 50 14.0 0.8 (.21 ) 0.7 (.11) 1.6 (.04) _ 1.3 (.07) HND

_ 75 14.0 1.1 (.12) 1.3 (.061) 1.I (.05) 1.3 (.02) HND

200 14.0 4.7 (.03) _ 1.7 (.19)_ 1.4 (.05) 0.9 (.11) HND

'Cycling cells were irradiated with 6°Co"f-rays at the doses or dose rates indicated 1 h prior
- to RNA harvest.

_'RNA levels were determined by Northern biot hybridization and quanfitatec2 by
: microdensity. Amount of gene-specific mRNA in untreated cells was set at 1.0. Ali other

__ I_NAs were expressed relative to that. Standard deviations are in parentheses.
xm

_Significantly different from control at P <0.05.

'_qND, hybridizations not detected.



Table 2

Relative Expression of Transcripts Encoding Nuclear Proteins Following Neutron Exposure:
Cycling Cells'

Transepts b

Dose Dose

(cGy) Rate H4-
(cGy/m) c-jun Rb I-Iistone p53 c-myc

0 0 1;0 (.14) 1.0 (.05) 1.0 (.I0) 1.0 (.01) 1.0 (.02)

6 0.5 0.7 (.16) 0.5 (.04)' HND '_ 0.8 (.04) I.I (.04)

I2 0.5 0.9 (.I8) 0.7 (.05) 0.8 (.09) 0.7 (.02) 1.0 (.02)

24 0.5 0.9 (.13) 0.6 (.05)' 0.6 (.12) 0.4 (.ll)' 1.3 (.01)

36 0.5 1.1 (.30) 1.0 (.10) 1.2 (.01) 1.1 (.07) 1.0 (.05)

12 12 0.8 (.05) 0.8 (.06) 0.4 (.03) 0.7 (.03) 1.2 (.05)

24 12 1.6 (.14)' 0.7 (.04) 0.6 (.01) 0.8 (.01) 0.9 (.05)

48 12 0.5 (.06)' 0.4 (.03)' 0.5 (.07) 0.8 (.12) 0.9 (.03)
=

5 96 12 1.2 (.10) 1.2 (.08) 12 (.01) 1.6 (.01)' 1.3 (.03)

'Cycling cells were irradiated with JANqJS neutrons at the doses or dose _tatesindicated 1
h prior to RNA harvest_

bRNA levels were detenTfined by Northern biot hybridization madquantitated by_

mica'odensity. Amount of gene-specific mRNA in untreated cells was set at 1.O. Ali other
RNAs were expressed relative to that. Standard deviations are in parentheses.

cSignificanfly different from control at P <0.05.

dHND, hybridizations not detected.

hypothesis that high- and low-l.,ET radiations produce different cellular responses to
= radiation-induced 'damage. Genes induced by low-LET T-rays (c-jun, H4-histone, and, to a

lesser extent, Rb) were unaffected following neutron exposure. The gene, p53, which was
-- modestly induced following y-ray exposure, was unaffected by neutron exposure; and c-myc,

which was repressed following "/-ray exposure, was unaffected following neutron exposure.
Taken together with previous work from our laboratory, this work suggests that the actual
event (whether it be DNA "damage, oxidative damage, protein denaturation, or some other

_ intracellular event) which: modulates the cellular response to ionizing radiations may be
different for high- and low-LET radiations. In fact, a recent report from Karin's group (20)

= has shown that induction of c-jun and c-fos ¢.,_1,.,,,,:.,,,,,...... -,e, expost,xe to DNA-damaging agents can
------ be attributed to cellular oxidative damage. Failure of neutrons to elicit this response would

implicate some alternate pathway for gene modulation following neutron exposure.
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