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SECTION 18 BIOPHYSICAL SCIENCES 

Summary: One of the objectives of the National Accelerator Centre is 
to provide facilities for radiotherapy of cancer patients. 
It is therefore logical that some scientific effort be directed 
towards understanding the underlying molecular mechanisms 
involved in carcinogenesis and the genetic effects induced 
by radiation in cells in culture. 

18.1 Molecular Mechanisms Involved in Carcinogenesis and Mutagenesis 
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This project is concerned with the fundamental molecular biology of 
cellular function. Specific topics which are addressed are: gene control; 
the regulation of cellular proliferation; the effects of radiation and 
other external agents on DNA. This research program is a continuation 
of the project described previously {1}, and is approached from both 
a theoretical and an experimental point of view. 

(a) Theoretical. In this aspect of the project, gene control elements 
are identified by DNA sequence analysis. Previously, conserved 
12 base-pair (bp) elements were found in the flanking (i.e. 
non-coding) regions of genes known to be negatively regulated {2}. 
In the present study, a comprehensive analysis of the DNA sequences 
downstream from the AATAAA motif was undertaken. [ The four 
nucleotides in the DNA double helix are Adenine (A), Guanine (G), 
Cytosine (C) and Thymine (T)]. Both cellular and viral transcription 
units were investigated. A 12-bp conserved element was identified 
in approximately half of the cases studied, and a consensus sequence 
TT G NNNTTTTTT was derived from a comparison of 74 such sequences 
(where N = any Nucleotide). This element is located immediately 
(5-20 bp) downstream from the polyadenylation site in every case 
where this is known. 
Such conservation, particularly in non-coding region's of genes, 
is strong evidence for functional significance. These results 
indicate involvement of the 12-bp element in the essential cleavage/ 
polyadenylation reaction of mRNA, and are consistent with studies 
in the literature of deletion mutants in downstream regions. These 
findings have been published {3}, and also reported at an overseas 
conference {4}. 

(b) Experimental. In this aspect of the project, the mutagenic effects 
of radiation on DNA are being investigated. Specific DNA sequences, 
as well as whole genomic DNA in aqueous solution have been 
irradiated, using a 6 0Co source, in graded doses up to 100 Gy. 
The cloned sequences, and the genomic DNA, were then assayed for 
transforming ability, in transfection assays using NIH 3T3 cells 
in culture. These assays determine whether or not the radiation 



248 

has caused a transforming mutation in the target DNA. Initial 
results obtained from this project are encouraging, in that positive 
foci have been obtained in the assay. These transformed cells 
are currently being analyzed to determine the precise nature of 
the lesions initiated in the DNA by the radiation. 
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18.2 Radiosensitivity of Tumor Cells in Culture 
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Endogenous free radical scavengers in the cell play a major role in 
determining the intrinsic radiation sensitivity of the cell. In this 
project, the effects of metallothionein inducers on the radiosensitivity 
of mammalian tumor cells in vitro are being investigated. 

The metallothioneins (MTs) are a group of low molecular weight, cysteine-
rich, cytoplasmic proteins. It has been found that MTs are inducible 
by a variety of agents, such as heavy metal ions, glucocorticoid hormones, 
serum factors, ct-interferon, and still unidentified products of activated 
ras-oncogenes and of inflammatory stress. The MT proteins are believed 
to function in a protective system against heavy metal toxicity; it 
has also been demonstrated that MTs are efficient scavengers of free 
hydroxyl radicals. 

In the present study, the radioprotective effects of different MT-inducing 
agents was investigated. Three tumor cell lines were chosen for study 
in the laboratory: 

(1) HeLa cells (human cervical carcinoma) 
(2) B16 cells (murine melanoma) 
(3) WHFIB cells (murine fibrosarcoma) 

Three types of MT-inducers were utilized: heavy metals (CdCl2), gluco
corticoids (dexamethasone), and serum factors (in the fetal calf serum 
used to supplement the growth medium of the cells). The survivability 
of the different cell types was assayed, after exposure to graded doses 
of 6"Co y-rays (in the range 0 - 1 0 Gy). A marked radioprotective effect 
was observed for the cells treated with inducers, compared with control 
cells. 



The protection factor observed was as high as 1.78 for a single inducing 
agent (HeLa cells + CdCl2) and 2.58 for agents in combination (HeLa 
cells + CdCl2 + serum). Interestingly, the induced radioprotection 
was found to be dependent upon the specific cell type tested: HeLa cells 
exhibited the greatest effect, and B16 cells the least. A sunmary of 
the data obtained to date is given in the table 1. Initial results 
from this project have been reported {1}. 

Table 1. Radioprotective effects of MT-inducing agents 

TEST SYSTEM Mean Inactivating Induced Protection Factor 
(Cells + inducing agent) Dose D (Gy) D (test) / D (control) 

B16 + CdCl2 4.08 1.08 
B16 (mock treatment) 3.76 
WHFIB + CdCl2 3.90 1.46 
WHFIB (mock treatment) 2.68 
HeLa + CdCl2 3.54 1.78 
HeLa (mock treatment) 1.99 
HeLa + serum 1.90 1.21 
HeLa (mock treatment) 1.61 
HeLa + serum + Dex 4.01 2.01 
HeLa (mock treatment) 1.99 
HeLa + serum + CdCl 2 5.13 2.58 
HeLa (mock treatment) 1.99 
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