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High-dose and high-energy radiation has proven to damage DNA and kill cells. 
High energy radiation has been studied in many contexts including 
environmental disasters and cancer radiotherapy (Grudzenski et al., 2010). In 
radiotherapy, high-dose x-rays are often used to kill cancer and effectively 
reduce cancer cell proliferation. Non-ionizing ultraviolet (UV) radiation can 
cause skin cancer and DNA damage from prolonged exposure (Rognoni et al., 
2021). However, the mechanisms and effects of low-dose and low-energy 
radiation, such as those received during standard diagnostic imaging, are 
understudied in comparison. The application of low dose radiation to medical 
therapies and imaging technology encourages further research. The purpose 
of this study was to identify the effects of UV radiation and low dose (< 1mGy) 
x-ray radiation at varying dose rate on 3T3 fibroblast cells. The DNA damaged 
and apparent phenotypic changes were assessed.

Introduction

Materials and Methods

Results

After 2 days in culture post irradiation, there were no significant differences in 
cell morphology and cell density with UV or x-rays (Figures 1 and 2). However, 
differences were observed in the UV irradiation group cultures. The UV 
radiation seemed to affect the cell metabolism. These were even noticeable 
by visual inspection of the cell media. There is a visual difference between the 
wells proximal to the UV light source compared to the wells placed a few 
centimeters further from the UV. The wells further away from the UV were 
visibly paler in color. The cells closer maintained a darker color in the media, 
possibly indicating that those cells are less active at metabolizing nutrients 
from the media. In addition, cells exposed to UV showed significantly (p< 
0.01) less proliferation than controls (Figure 3). Surprisingly, x-ray irradiated 
fibroblasts showed increased proliferation compared to controls (Figure 4).

One limitation of our current study is that the fibroblasts were extremely 
confluent (Figures 1 and 2), which may have caused a lack of adherence to the 
Mylar® film and 6-well plates. This limited the duration of our study to just 2 
days after irradiation. In addition, the high cell density may have provided 
some radioprotective effects as cells in confluent monolayers decrease their 
proliferation rate and thus, have more time to repair damage from radiation 
sources. We are continuing this study with lower cell densities and longer 
culture times.

Discussion and Conclusion
3T3 fibroblast cells were plated on a Chemplex 6 μm thick Mylar® film. The 
Mylar® film does not significantly attenuate the low energy x-rays used in this 
study. One group of cells were then irradiated at a total dose of 0.2 mGy with 
a dose rate of 0.0424 mGy/min for 283 seconds, and another group of cells 
were irradiated at a total dose of 0.2 mGy with a dose rate of 0.0258 
mGy/min for 466 seconds. The fibroblast cells were also plated on 6-well 
plates and exposed to UV light from above at 254 nm for 15 minute and 60 
minute intervals. Immunofluorescence imaging, DNA damage assays, and 
proliferation assays were performed Figure 1. a) Control; b) UV 15 min.; c) UV 60 min.
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Figure 2. a) x-ray 0.0424 mGy/min. for 283 s.; b) x-ray 0.0258 
mGy/min. for 466 s.

High-density polyethylene 
cups assembled with 6 μm 
thick Mylar® film, exposed 
to x-ray irradiation.

6-well plates exposed to UV 
irradiation.

Figure 3. Proliferation assay of UV treated cells 
after 0 (Control), 15min, and 60min of exposure. 
X indicates the wells closer to the UV source.

Figure 4. Proliferation assay of 0.2 mGy x-ray 
treated cells at two different dose rates (0.0424 
mGy/min and 0.0258 mGy/min).
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