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Effects of gamma radiation on lung and colon cancer cell viability

Abstract. In Mongolia, cancer treatment is carried out through radiation, chemotherapy and surgery, and
there is only one state hospital that specializes in this field, the National Cancer Center of Mongolia. As
our country’s population has grown in recent years, data for 2023 from the Central Statistical Office show
that the incidence of cancer, on the one hand, and the number of cases of the disease, on the other, are
increasing as patients get younger. This study concerns an important part of the triad of cancer treatment,
namely the evaluation of the efficacy of radiotherapy in an “in vitro” situation. Ionizing radiation has
been shown to have a number of biological effects, including damage to DNA. This damage can manifest
as double-strand breaks (DSB), base damage and single-strand breaks (SSB). The ®Co radiation source
“Bhabhatron”, which is installed at the National Cancer Center of Mongolia, is used as a gamma source for
the cell viability experiment. In this experiment, we use two different cancer cell samples (A549, HCT116)
and all used samples prepared in the Gene Engineering Laboratory of the National University of Mongolia
in a quantity of 1 ml, and the cell samples were irradiated with doses of 2 Gy, 4 Gy, 6 Gy and 8 Gy. The cell
viability of A549 and HCT116 cancer cells after gamma irradiation was determined using the WST assay

https://doi.org/10.26577/ijmph.2024v15i2b5

and calculated using an analytical formula.
different cancer cells.

The calculated and measured results are comparable for two
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Introduction

Cancer remains the leading cause of death
worldwide and radiotherapy is an important method
of cancer treatment [1]. According to the latest
GLOBOCAN data from the International Agency for
Research on Cancer (IARC), a total of 19.3 million
cancer cases were reported worldwide in 2020 and
almost 10 million deaths were attributable to cancer.
This includes 11.4% lung cancer (the second most
common cancer incidence) and 10.0% colorectal
cancer (the third most common cancer incidence) [2].

According to the 2022 data released by the
Statistics Committee of the National Cancer Center
of Mongolia (NCCM), the number of cancer-related
deaths has shown a consistent increase over the past
two decades in our country. Specifically, lung cancer

© 2024 al-Farabi Kazakh National University

accounted for 10.6% of newly diagnosed cases, while
colon cancer accounted for 3.8%, collectively
representing approximately 15% of all cases.

In our country, the treatment of various
malignancies is primarily by radiotherapy,
chemotherapy and surgery, and this study concerns
an important part of the triad of cancer treatment,
namely the evaluation of the efficacy of radiotherapy
in an "in vitro" situation. Ionizing radiation has been
shown to have a number of biological effects,
including damage to DNA. This damage can manifest
as double-strand breaks (DSB), base damage and
single-strand breaks (SSB) [3].

The aim of this study is to investigate the effects
of different doses of ionizing radiation on colon
(A549) and lung (HCT116) cancer cells. The cells
were treated with gamma rays from the
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"Bhabhatron", which are frequently used in cancer
therapy worldwide. The radiosensitivity of cancer
cells A549 (colon) and HCT116 (lung) was
determined using the WST assay and the measured
results were compared with the calculated values
derived using an analytical formula [2-3].

Methods

Experiment

In this work we use A549 and HCT116 cancer
cell samples and detailed information of the cells can
be found in Ref. [4-7]. All cell samples were prepared
in the Gene Engineering Laboratory of National
University of Mongolia (NUM) and stored in liquid
nitrogen vapor until use. The human lung cancer cell
line A549 and the colorectal carcinoma cell line
HCT116 were cultured in Dulbecco's Modified Eagle
Medium (DMEM) supplemented with a nutrient

Primary
collimator

medium containing 1% penicillin-streptomycin, 10%
fetal bovine serum, and 1% L-glutamine. Ten tubes
with 1 ml cell sample each were used (the tube with
the cell sample had a length of 4.5 cm and a diameter
of 1 cm).

The cells were irradiated with gamma rays from
the ®°Co source "Bhabhatron" (National Cancer
Center, Mongolia) the cell samples required 3.8
minutes to 15.3 minutes to absorb doses of 2 Gy to 8
Gy. The general scheme of this experiment is
displayed in Fig. 1. Subsequently, the WST assay
was used to determine the effect of IR induced cell
death [8-10].

The WST assay is based on the cleavage of the
tetrazolium salt WST to formazan by cellular
mitochondrial dehydrogenases. The larger the
number of viable cells, the higher the activity of the
mitochondrial dehydrogenases, and in turn the
greater the amount of formazan dye formed.
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Figure 1 — Scheme of irradiation of cancer cells with gamma rays in Bhabhatron.

Analytical formula

The linear-quadratic (LQ) model is one of the
most important tools in radiation biology and
physics, as it establishes a relationship between cell
survival and the dose delivered [11]. The survival rate
of cancer cells depends on the applied radiation dose.
Cancer cell viability can be expressed by the
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following analytical expression, which is a linear-
quadratic approximation

S = e Nach, (1)
where S — survival rate of cancer cells, 174.- damage
leading to immediate cell death (Gy-1), D — radiation
dose (Gy).
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When a cell is treated to a high dose, the survival
equation becomes to [12]

—InS = (Mac +Map)D —

—ein[1+ 22 (1 — e, (2)
and
g =42 3)
€BC

where: 14pis damage that can lead to cell death (Gy
", t, is the available repair time,¢ is the ratio of the
constants, and the rate constants for the formation of
restored lesions per unit of time. From Eqgs. (1) and
(2), the cancer cell survival linear quadratic
approximation can be written as:

—InS = (Nac + nape BA7T)D +

2
+148 (1 — g™¢patr)2p2 (4)
where
a =Nac + nape”cBAlr Q)
and
— 772& _ p—EBatyr\2
B =148 (1 — g enatr)?, (6)

then the absorbed dose rate is

. kSE%e‘”D
D = o (7)
Where: k is collective constant to convert energy
fluence rate to dose rate in [Gy/h] and k=5.76-107, S
is the source strength in [s"'], E is the photon energy
in [MeV], u:/p is the mass absorption coefficient for
the material at the dose [cm?/g], u is the linear
attenuation coefficient for the photons in the shield
material [cm™'], D is the thickness of the shield [cm],
r is the effective distance of the source from the dose
point [cm].
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Results and Discussion

Measurement of cell viability

In this work, two different cell samples are used
for the cell viability of the experiment, ideally
HCT116 and A549 cancer cell samples. All cell
(A549, HCT116) samples were irradiated in the
Bhabhatron (*’Co source), NCCM between 3.18 and
15.3 minutes, depending on the irradiation dose, and
the cell samples were prepared as 1 ml in the Gene
Engineering Laboratory, NUM. Cancer cell samples
irradiated with gamma rays from 2 Gy to 8 Gy were
cultured in 96-well cell culture plates for 4 hours, and
cell viability was determined for each sample using
the WST assay. The microscopic images of A549 and
HCT116 cancer cells at 40x magnification on the
digital biological microscope are shown in Figure 2,
where not only the images of the monitor cell samples
(a) A549 and (c) HCT116, but also the cell samples
irradiated with 4 Gy (b) A549 and (d) HCT116 are
shown.

As shown in Fig. 2 (a) and (c), the shapes of the
monitor samples of two different cells are basically
circular, but after irradiation with 4 Gy in (b) and (c),
the shapes of the two cells are highly deformed, such
as ellipsoidal or angled. These changes can be easily
seen with a biological digital microscope, and even
after irradiation with different doses, the color of the
prepared cell samples changes depending on the dose
rate; ideally, the color becomes lighter when the cell
samples are irradiated with a high dose (Fig. 3). As
can be seen in Fig. 3, the color of the prepared
samples was strongly pink, as in the N3 monitor
sample. The color of these samples then becomes
lighter pink and like a liquid with a pink glow when
these samples are irradiated with doses of 2 Gy or 6
Gy. This means that the number of cells in the
prepared samples decreases depending on the
irradiation dose.
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Figure 2 — The A549 and HCT116 cancer cells at 40x magnification on the biological digital microscope:
(a) and (c) the monitor cell samples of A549 and HCT116. Cell samples of A549
and HCT116 irradiated with 4Gy are shown in (b) and (d).

Figure 3 — The cell samples irradiated with different doses and the monitor cell samples (A549).
Samples N1, N2 are the samples irradiated with 2 Gy and 6 Gy and the monitor samples (not irradiated).
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Figure 4 — The WST assay for determining the viability of cells.

In this work, we use the ICso, which requires a
radiation dose that reduces the cancer cells in each
sample by 50 percent.

The WST assay to determine cell viability is
shown in Fig. 4 for different doses between 2 Gy and
8 Gy in steps of 2 Gy for two different cells, and the
monitor cell samples were also measured at 0 Gy.

The filled blue triangles and the open red circles
show HCT116 and A549 cells. The measurement
results show that at low radiation doses (2 Gy, 4 Gy),
but this tendency is reversed at higher radiation doses

(6 Gy, 8 Gy). As shown in Fig. 4, the cell viability of
A549 cells is 97.2 percent at 2 Gy and then gradually
decreases to 45.4 percent at 8 Gy. In contrast, the cell
viability of NCT116 cells is 94.1 percent at 2 Gy and
then decreases to 50.1 percent at a dose
of 8 Gy.

Calculation of cell viability

Eq. (7) for photon radiation is used to calculate
the gamma radiation dose for the irradiation of 1 ml
of a cancer cell sample with 2 Gy photons:

2
5.76 - 1077 - 3.2040 - 107h~1 - 2.0027 - 10~13] - 6.32 - 103 1 . ¢=0.000248m™*.0.001m

D=

kg

12.56 - 0.8m?

where: k=5.76-107, S=3.2040 h”, E=2.0027-10"J,
w/p=6.32-10° m’/kg, p=0.000248m°, r=0.8 m,
D=0.001 m.

The mass absorption coefficient and linear
attenuation coefficient were taken from NIST, and
0.0478 Gy/min is used for the Bhabhatron dose rate.

The irradiation time for 2 Gy as a radiation dose
in the cells is determined as follows:

D 2Gy
- >
D 0.478Gy/minmin.

t =

The viability of 1 ml A549 and HCT116 cancer
cell samples can be calculated using Eq.(4), where
the A549 cell is irradiated with a dose of 2 Gy:
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= 28.7Gy/h

—InS, =0.1242Gy~ 1 x 2Gy —
—0.0234Gy™2 X 2Gy?,
the above expression is simplified as

In this study, the viability of cancer cells
irradiated with different doses of radiation were
calculated by selecting appropriate values for the cell
survival parameters o and B in Eq (4), which depend
on the nature of the cancer cells.

The cell survival parameters used in this work are
listed in Table 1, and Table 2 summarizes not only
the calculated results for the cell viability of A549
and HCT116, but also the measured results.

The cell survival parameters for the A549 and
HCT116 cells are listed in Table 1 and are used for
the calculation of cell viability.
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Table 1 — Cell survival parameters for the A549 and HCT116 cell

Cell samples

Constant values used for the calculation

a B alf SF
A549 0.056 0.048 1.2 0.816
HCT116 0.20 0.036 0.5 0.823

Table 2 — Calculated and measured cell viability of A549 and HCT116 cells

A549 cell
Celll samples Radiation dose frradiation time [min] Cell viability [%]

(Irradiated dose) [Gy] Calculated Measured

1%t sample (2 Gy) 2.0 3.8 81.6 97.2

2" sample (4 Gy) 4.0 7.6 59.3 81.2

3 sample (6 Gy) 6.0 11.5 45.7 64.6

4™ sample (8 Gy) 8.0 15.3 235 45.4
Monitor cell sample 0.0 0.0 100.0 100.0

HCT116 cell

15t sample (2 Gy) 2.0 3.8 82.3 94.1

27 sample (4 Gy) 4.0 7.6 72.1 79.7

3" sample (6 Gy) 6.0 11.5 68.5 67.8

4™ sample (8 Gy) 8.0 15.3 36.9 50.1
Monitor cell sample 0.0 0.0 100.0 100.0

The results of the calculated and measured cell
viability are shown in Table 2, and the results of the
A549 and HCT116 cells are compared at various
doses between 2 Gy and 8 Gy in steps of 2 Gy.
Samples of monitor cells are kept under the same
conditions during irradiation but are not
irradiated.

As can be seen from the measurements of A549
and HCT116 cells, the measured cell viability of both
cells is slightly higher than the calculated cell viabi-
lity at all different doses, but consistent with each
other.

The calculated HCT116 cell viability is always
high compared to the A549 cell viability at all doses
except the highest dose (8 Gy). This tendency is
reversed for the measured cell viabilities in the ideal
case, i.e. the A549 cell viability is higher than the
HCT116 cell viability at the lowest doses between 2
and 4 Gy, but at the high doses between 6 and 8 Gy
it is low compared to the HCT116 cell viability.

Summary

The A549 and HCT116 cancer cell samples (1
ml) are prepared in the Gene Engineering Laboratory,
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NUM, and these prepared cancer cell samples are
irradiated between 3.18 and 15.3 minutes, depending
on the irradiation dose of 1 Gy to 8 Gy generated by
a gamma radiation source from the Bhabhatron
(60Co source), NCCM.

The viability of A549 and HCT116 cancer cells
was determined not only by WST assay but also by
biological digital microscope, where the shape of
cells before gamma ray irradiation is essentially
circular, while after irradiation it is ellipsoidal or
angled, which can be easily seen by biological digital
microscope.

We found that the measured cell viability for the
A549 and HCT116 cells are consistent with each
other. It might be helpful if we use other cancer cell
samples such as liver, breast and kidney cancer cells
in future work.
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