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Introduction : Radiation Exposure
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Introduction : Radiobiological models of risk
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* https://www.technologyreview.com/2009/03/25/31890/algae-move-by-singing-propulsion/

* https://theconversation.com/heres-what-that-house-proud-mouse-was-doing-plus-five-other-animals-who-take-cleaning-seriously-114040
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Project Information

REPAIR Project: Goal.

“Researching the Effects of
the Presence and Absence of
lonizing Radiation”

Further understand the
effects of natural background
radiation on cells by limiting
thelr exposure to it.




Experimental Locations

Northern Ontario School of Medicine Sudbury Neutrino Laboratory Specialized Tissue Culture Incubator
(NOSM) (SNOLAB) (STCI)
Surface Control Environment Underground Control Environment Underground Sub-Background

Experimental Environment
NBR Exposure (Cosmic Rays) Radon Exposure
Completely Shielded

Image credits:
* hitps://www.sudbury.com/local-news/northern-ontario-school-of-medicine-training-military-physicians-2547038
¢ J. Pirkkanen, 2020
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Project Timeline
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Cell Growth



Methodology

* Seeded for 7 days In duplicates (14 tasks total per
environment)

* 100 000 cells per flask
* Cells are counted every day for 7 days
* Media changes every 3 days

Data analysis:

* Cell doubling time
e 2-Way ANOVA

Image credits: http://www.davis.com/Product/Hemacytometer Bright line_phase contrast Pyrex Includes two 0 4 mm_cover slips/D0O-36219-10
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Cell Growth (Month 1 - Month 4)
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Figure 1: Growth curves for cells cultured over the course of four months in three different radiation environments;
surface control (blue circles), underground control (red squares) and sub-background (green triangles).



Cell Growth (Re-exposure to NBR)
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Figure 2: Growth curves for cells cultured following re-exposure to NBR in three different radiation environments; surface control (blue circles),
within the underground control (red squares) and sub-background (green triangles). Growth curves were generated after re-exposure to NBR for
(A) two weeks (RTS-1) and (B) four weeks (RTS-2). Data points represent the mean of 2 replicates + standard deviation.



Cell Doubling Time

Table 1: Cell doubling times (DT) calculated based on the data from Figure 4 and 5. RTS-1 refers to the cells assayed
after two-weeks following re-exposure to NBR, and RTS-2 refers to the cells assayed after four-weeks following re-
exposure to NBR.

Experimental Environment

Sub-background Surface Control Underground Control

Experimental )y 2SD) N DT(£sSD) N DT (h + SD) N
Time
Month 1 212+1.84 2 19.0+2.55 2 17.2:£0.00 I
Month 2 19.5£0.11 2 20.4+1.18 2 17.8+0.27 2
Month 3 21.9+0.68 2 19.2::0.84 2 19.3+1.31 2
Month 4 21.642.07 2 22.1+1.54 2 20.6+1.75 2
RTS-1 19.540.62 2 20.7+178 2 20.6+1.99 2
RTS-2 212+1.88 2 21.3+0.38 2 20.4+3.25 2




Summary

Uverall, there were no changes in cell growth were detected between environments at any given time (p=0.0aZ0) or
within each environment over time (0.08ab);

® Small sample sizes

® [ells were assayed at the surface.

® Fxperimental length (phenotypical vs. genetic changes)

® Np pre-existing studies done with a human cell-line.
Next oteps:

® [ulturing and assaying cells uniquely in their respective environments.
® Extending the length of the experiment to observe long-term eftects on cell growth.




Cell Survival



Methodology

Pre-determined volumes based on plating efficiency and dose rate.
b doses: [, 0.0, 1, 2, 4, 8 by

deeded in triplicates

Irradiated 8 hours post-seeding

Stained d days after, blinded & scored

Media change 3 days after seeding

Data analysis:

® [alculated surviving fraction using plating efficiency
® Multiple linear regression analysis

Image credits: https://gammagurus.com/products/cellrad-compact-cabinet-x-ray-cell-irradiator
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Cell survival (Month 1 - Month 4)
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Figure 3: Cell survival curves for cells cultured over the course of four months in three different radiation environments;
surface control (blue circles), underground control (red squares) and sub-background (green triangles). The data
was fit with a linear quadratic relationship. Data points represent the mean of 2 replicates * standard deviation.



Summary

® Time (p<U.0001) and dose (p=U.0160) had a signiticant impact on cellular survival (normal cell senescence)
® Environmental |ocation did not have a significant impact on cellular survival (p=0.7261)(p=0.43813).

® [ells were assayed at the surface.
® Fxperiment length (phenotypical vs. genetic changes)

Next dteps:

® [ulturing and assaying cells uniquely in their respective environments.
® Fxtending the length of the experiment to observe long-term etfects on cell survival

Image credits: https://precisionxray.com/x-rad/xrad-320/
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Final Thoughts

® Research on this topic is scarce
® SNOLAB: One of the only facilities in which this type of research is possible

® Absence of NBR:

Cell requlation

Lenomic stability

Jisease progression

Low-dose radiation therapies

[ancer treatments and those working within underground
environments (Sudbury mining population).

Image credits: Harvey, 2014
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Background research

Conter & Planel, 1983

Growth of Synechoccus lividus
(Lead chamber)

Image credits:
®  https://www.technologyreview.com/2003/03/75/31830/algae-move-by-singing-propulsion/
®  https://theconversation.com/heres-what-that-house-proud-mouse-was-doing-plus-five-other-animals-who-take-cleaning-seriously-114040

Conter & Planel, 1987

Growth of Synechoccus lividus
(Cell Medium Irradiation)

Takizawa et al., 1992

Mouse Lymphoma Lal78Y Cells
(Shielding Chamber)
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Underground Laboratory Facilities within SNOLAB

Figure 4: The underground laboratory facilities within SNOLAB, housing the REPAIR project. The yellow arrow points to the incubator that houses the underground control cells.
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Figure 5: The Specialized Tissue Culture Incubator (STCI). (A) The STCI glovebox housing the lead castle incubator, where our sub-background cells are
cultured. (B) Control panel on the STCI for N2, Oz2and CO- flow rates, used by researchers to control the input rates of carbon dioxide, oxygen and nitrogen
Into the purge chamber and lead castle. The yellow arrow points to the lead castle incubator within the glovebox.



CGL1: Why this cell line?!

Hela cell Normal Skin Fibroblast

The CGL1 (HeLa x Normal Skin Fibroblast) Human Hybrid Cell Line: A

History of lonizing Radiation Induced Effects on Neoplastic Transformation
and Novel Future Directions in SNOLAB ¥

Jake S. Pirkkanen; Douglas R. Boreham; Marc S. Mendonca &4

Radiat Res (2017) 188 (4.2): 512-524.

https://doi.org/10.1667/RR14911.1  Article history &
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Growth Curve: Results (Weekly Growth Curve)

Table 2: Weekly cell doubling times (DT). RTS-1 refers to the cells assayed after two-weeks following re-exposure to NBR, and
RTS-2 refers to the cells assayed after four-weeks following re-exposure to NBR.
* = A significant difference was detected between these two doubling times.

Experimental Environment
Sub-background Surface Control Underground Control

Experimental Time DT Mh+SD) N DT(h+SD) N DT (hSD) N

Month 1 25.6+3.56 8 23.0+3.45 8 25.9+3.59 8
Month 2 24.5+1.93 8 22.0+1.13 8 23.0+2.44 7
Month 3 23.6+1.93 8 21.8+1.29 8 23.0+2.34 8
Month 4 26.5+2.89* 8 21.7+1.64* 8 24.0+2.14 8
RTS-1 21.0+2.06 4 22.3+0.91 4 21.2+0.60 4
RTS-2 21.1+0.49 2 21.4+1.59 2 21.2+0.69 2




Platting Efficiencies: Results
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Figure 6: Plating efficiencies for cells cultured over the course of four months in three different
radiation environments; surface control (blue), underground control (red) and sub-background
(green). Plating efficiencies were recorded for cells cultured in each environment after one month
(M1), two months (M2), three months (M3) and four months (M4). Bars represent the mean of 2
replicates + standard deviation.
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