Journal of Physics: Conference Series

PAPER « OPEN ACCESS You may also like

Stochastic modelling of the oral cancer Electrochemical Wicrasapy Anlysis of

Interleukin-6 in Oral Cancer

proliferation and death in the presence of Yen-TzuLin, Anant Preet, Y-Pin Chiu et

al.

ThymOQUInOne aS antlcanCer therapeUtICS - Measurements of impurity mixing
efficiency during massive gas injection in
J-TEXT

To cite this article: Shabana Tabassum et al 2021 J. Phys.: Conf. Ser. 1988 012007 W Li, R H Tong, W Bai et al.

- A review: potential application and outlook
of photothermal therapy in oral cancer
treatment
Liren Cao, Yongzhi Wu, Yue Shan et al.

View the article online for updates and enhancements.

@ The Electrochemical Society
Advancing solid state & electrochemical science & technology

242nd ECS Meeting
Oct 9 - 13, 2022 » Atlanta, GA, US

Early hotel & registration pricing

ends September 12 ECS Plenary Lecture featuring

M. Stanley Whittingham,
Binghamton University
Nobel Laureate —

Presenting more than 2,400
technical abstracts in 50 symposia 2019 Nobel Prize in Chemistry

This content was downloaded from IP address 103.53.32.132 on 01/09/2022 at 08:22


https://doi.org/10.1088/1742-6596/1988/1/012007
https://iopscience.iop.org/article/10.1149/2162-8777/abc058
https://iopscience.iop.org/article/10.1149/2162-8777/abc058
https://iopscience.iop.org/article/10.1149/2162-8777/abc058
https://iopscience.iop.org/article/10.1088/1361-6587/ab72e2
https://iopscience.iop.org/article/10.1088/1361-6587/ab72e2
https://iopscience.iop.org/article/10.1088/1361-6587/ab72e2
https://iopscience.iop.org/article/10.1088/1748-605X/ac5a23
https://iopscience.iop.org/article/10.1088/1748-605X/ac5a23
https://iopscience.iop.org/article/10.1088/1748-605X/ac5a23
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsth0dWexZgexyMgTAYkWNpOmIvvf2qjgV2LS1PMPmnorotC0zgKd6xXkf5jKHz2kSOy-6g4xNy4zlljdrzc5Z0LCEqY91JamT-NqSPeMvN9YkbpVLuMrYl7nWS378hnehAEDmNXbe6PjiNIc1gEcTBtW5cAAL8_BCyzbeEo9ZkUPCw-BKvGW89q2JrkGzs-8BUqqhz4hgHQPmFf9G0YkBpcr20KIY09r3Jmr1Uesze-SnLnqmDcW73LfQbYbtun_84d0CVBSCIGmkCNxf0u_-5jIqwq_U_DLcQRIyddWRV59w&sai=AMfl-YTtj_LtOGwJ9KdZasYKcIYoNUt0UxLYr1DFs_Ov9hyj1Ogbu0NjGTwBhNRIYLP3SkgkFdtChDO0Yy4H_-cg_Q&sig=Cg0ArKJSzEOkuBo0hryH&fbs_aeid=[gw_fbsaeid]&adurl=https://community.electrochem.org/eWeb/DynamicPage.aspx%3Fwebcode%3DEventInfo%26Reg_evt_key%3Dcdc97533-dd9f-4411-a7c2-faa5b85a1388%26utm_source%3DIOP%26utm_medium%3DADV%26utm_campaign%3D242Reg

Simposium Kebangsaan Sains Matematik ke-28 (SKSM28) IOP Publishing
Journal of Physics: Conference Series 1988 (2021) 012007  doi:10.1088/1742-6596/1988/1/012007

Stochastic modelling of the oral cancer proliferation and
death in the presence of Thymoquinone as anticancer
therapeutics

Shabana Tabassum’, Norhayati Rosli>, Wastuti Hidayati Suriyah® and
Solachuddin Jauhari Arief Ichwan*

1.2 Centre for Mathematical Sciences, College of Computing and Applied Sciences,
Universiti Malaysia Pahang, 26300 Gambang, Kuantan, Pahang, Malaysia.

SIIUM Human Molecular and Cellular Biology Research Cluster (iMoleC),
International Islamic University Malaysia, Kuantan Campus, 25200 Kuantan, Pahang,
Malaysia

4 Kulliyyah of Dentistry, International Islamic University Malaysia, Kuantan Campus,
Jalan Sultan Ahmad Shah, Bandar Indera Mahkota, 25200 Kuantan, Pahang, Malaysia.

’Email: norhayati@ump.edu.my

Abstract. Oral cancer is one of the most commonly known cancer worldwide. Thymoquinone
(TQ) an extract from Nigella sativa, has clinically been proven as an anticancer therapeutic agent
for oral cancer due to its intrinsic pharmacological characteristics. Understanding the
mechanisms of oral cancer proliferation and death in the presence of TQ is crucial so that the
insight of the interaction of cancer cells and TQ can be discovered. Cancer cells in the presence
of TQ is subjected to the uncontrolled factors of the environmental noise. Deterministic model
is inadequate to explain this behaviour. Herein, a stochastic model is proposed to illustrate the
dynamics of HSC-3 oral cancer cell lines in the presence of TQ. The deterministic model is
perturbed with the noisy behaviour which then leads to the stochastic model. The model is
simulated by using a four-stage stochastic Runge-Kutta (SRK4) method and the kinetic
parameters are estimated by using the maximum likelihood estimation (MLE) method. The
prediction quality of the model is measured by using root mean square error (RMSE). The low
values of RMSE show the best-fit of the stochastic model.

1. Introduction

Cancer is a general term for a group of diseases that arise when abnormal cells replicate out of control
in almost every organ and tissue of the body. Oral cancer is a subtype of head and neck cancer that
affects the tongue, jawbone, palate, salivary glands, teeth, mouth floor, and oral mucosa. Oral cancers
were mostly diagnosed late in their progression, leaving patients with a poor prognosis. Early diagnostic
and treatment may possibly enhance the patient survival up to 80% for head and neck cancer [1, 2].
According to the report [1], almost 19.3 million new cancer cases with 10 million death from cancer
have been reported. World Health Organization (WHO) has reported in the year 2019, cancer was the
leading cause of mortality under the age of 70 in 112 of the 183 countries surveyed [3]. Oral cancer is
one of the most common and deadliest disease all over the world with a five-year survival rate of only
50 % [4]. While the organisation of Global Burden Disease has estimated 3.5 billion people have been
affected by this disease in 2017 globally. Generally, in oral cancer, the oral malignancy appears in the
form of an oral cavity either on the lips or inside the mouth. Oral squamous cell carcinoma associated
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with the development of multiple other carcinomas also which includes melanoma and type of
neoplasms. Along with other treatment methods, 50% of oral squamous cell carcinoma patients have
been treated with adjuvant chemotherapy and radiotherapy. These treatments unfortunately damage the
normal cell. To prevent the harmful effects of chemotherapy and radiotherapy effects, natural remedies
medications are a good choice for preventing cancer. For natural treatment, thymoquinone (TQ) is the
main active constituent of Nigella sativa seeds that has numerous pharmacological activities including
anticancer, antioxidant, and antimicrobial [5]. Many studies have investigated the role of TQ as an
antitumor and anti-metastatic agent in cancer regulation and prevention [6]. Inhibition of human oral
carcinoma proliferation is occurred through apoptosis process [7]. The apoptosis is a programme cell
death in cancer cells associated with up and down-regulation caspases proteins [8]. A control regulation
of apoptosis can target the oral cancer cells, hence able to treat the oral cancer [9]. TQ-based induction
of p53 gene-dependent apoptosis has been reported via activation of caspase-3 [10]. However,
the dynamic behaviour of the interaction between TQ and apoptosis is still in question. Therefore,
it is important to model the dynamics of the oral cancer cells in the presence of TQ as anticancer
therapeutics.

Deterministic modelling has been widely used to study the interaction of cancer cells and
its treatment [11, 12]. The interaction of TQ and cancer cells is subjected to the uncontrolled
factors of noisy behaviour such as stress effect, deamination, changes in blood pressure, cellular
metabolism and so on [13]. However, due to presence of stochasticity particularly in oral cancer when
it reacts with TQ, deterministic model required to be extending into its stochastic counterpart.
Therefore, present research is at aim to model the interaction of HSC-3 cell line (oral cancer cell) with
TQ as anticancer therapeutics. As TQ induces the apoptosis (TQ-cancer cell death) pathway, the
interaction of TQ and oral cancer cells in the apoptosis pathway is converted into chemical reaction.
Further, this reaction is transformed into mathematical model of ordinary differential equation
(ODE). The perturbation of the noisy behaviour (White noise) is done through growth rate
parameter to form a mathematical model of stochastic differential equation (SDE). Model
parameters are estimated using maximum likelihood estimator (MLE) and the model is simulated
using four stage stochastic Runge-Kutta (SRK4). The performance of ODE and SDE models are
measured using RMSE.

2. Material and Methods

Originally, HSC-3 cells are oral squamous carcinomas from the human tongue in different patients.
HSC-3 cells started as oral squamous carcinomas from various patients' tongues. Those enzymes first
were identified in 1989 at Tokyo Medical and Dental University, Faculty of Dentistry's Department of
Oral and Maxillofacial Surgery [ 14]. The pro-apoptotic BAX, Noxa, and p53 AIP1 proteins are required
for p53 activation mutated, which results in cell-programmed death through induction. Even then, as the
majority of p53 is muted, more stem cells pathways develop, resulting in cell proliferation to original
phases [15]. The details about the materials and methods of the experimentation for HSC-3 cell lines
interact with TQ are summarised in Table 1.

Table 1. Materials and Methods of the experimentation of TQ react with HSC-3.

Materials

TQ and Cisplatin (CDDP, has proven to be one of the more efficient anticancer

Reagents chemotherapeutic agents because it targets multiple intracellular sites to induce death in
tumour cells [13]) were purchased from Sigma-Aldrich, USA. TQ and CDDP stock
solutions were freshly formulated in 100 mg/mL concentrations before each experiment
by dissolving with molecular grade Dimethyl Sulfoxide (DMSO), Gibco, USA.

Cell The HSC-3, HSC-4, and HACAT cell lines used for the present study were gifted from

Culture Prof. Masaaki Ikeda, Tokyo Medical and Dental University, Japan. The Integrated Centre
for Research Animal Care and Use (ICRACU), International Islamic University Malaysia,
generously supported the human gingival fibroblast (HOF) cells (ITUM). The cells were
cultured in Dulbecco's Modified Eagle Medium ((DMEM)), Gibco, USA in a humidified
incubator with 5 % CO, at 37° C, combined with 10 % fatal bovine serum (FBS) (Gibco,
USA) and 1 % Penicillin-Streptomycin.
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Equipment The used biosafety cabinets class 2 were from ESCO (laboratory) (USA) and Jouan
(French). CO; incubator (Thermo Fisher™, Germany), waterbath (Memmert GmbH+
Co., Germany), centrifuge (Hettich® MIKRO 120, Germany), and vortex (VELP
Scientifica Srl, Italy) were applied to perform the experimentation. Deep freezer (Sanyo,
Japan) was used to preserve the sample at -80° C. The inverted focal microscope (Meiji
Techno, Japan) and conventional microscope CX31 (Olympus Microscope, Japan) were
used to observe characteristics of cell lines. Water purification and distilled water systems
were from the PURELAB option by ELGA, UK. The microplate reader (Infinite® 200
PRO Nano quant, Tecan, Mannedorf, Switzerland) was used for measuring the
absorbance of the sample in all assays.

Methods

In Vitro For 24 hours, the cells were seeded in 96-well plates until they reached a density of 70-
Cytotoxic 80 per cent confluency per well. TQ and CDDP samples were presented to cells for 24

Study and 48 hours at specified concentrations (0 - 0.01 mg/mL for TQ and 0 - 0.008 mg/mL
(MTT for CDDP). In each well, 20 mL MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-
Assay) diphenyltetrazolium bromide (Sigma-Aldrich, US) was applied at a concentration of 5

mg/mL (in Phosphate-buffered saline PBS). In a humidified climate, the cells were then
incubated for 4 hours at 37° C. The supernatants were discarded, and the formazan crystals
were dissolved in 100 litres of DMSO for 1 hour before being read in a microplate reader.
At a wavelength of 570 nm, the absorbance was determined in a spectrophotometer
(reference: 630 nm). At least two times, each experiment was carried out. The standard
error mean (SEM) of three replicates is recorded, and it is expressed as a percentage of
the control values.

Caspase 3/7 The activation of caspase 3/7 was determined by using the caspase-Glo 3/7 assay Kit

Activity (Promega, US). The cells were grown overnight in 96-well flat clear bottom white plates

Assay at a density of 3 X 104 /well. The cells were treated in the same manner as those described
in the flow cytometry experiment. The assay was conducted according to the manufacture
protocol following sample treatment in 24 hours by adding the caspase-Glo 3/7 assay
reagent directly to the well. The absorbance was read in a luminometer 30 min after the
addition of the reagent into the wells. Each sample was performed in triplicate.

Herein, the data used is for in vitro toxicity effect of TQ concentration, TQ's effect on oral cancer is
being studied. The HSC-3 cells were exposed with graded concentrations of TQ (SuL, 10uL, 20 pL, 40
uL, 60 uL) for 24 and 48 hours. For 24 and 48 hours, HSC-3 cells were exposed to graded
concentrations of TQ (5L, 10L, 20L, 40L, 60L). To reflect normal cells, HOF and HaCaT cells were
used. Due to its ease of propagation and near-normal phenotype. The keratinocyte model HaCaT has
long been used. The TQ has been shown in several experiments to reduce the viability of oral cancer
cells while having marginal effects on normal cells. TQ caused cell-type-dependent cytotoxicity in HSC-
3 cells [16]. TQ decreases the viability of HSC-3 cells in a concentration and time-based way, with ICsg
values of 3 g/mL and 8 g/mL for 24 and 48 hours, respectively. The TQ was estimated by using the
normal cell line such as human gingival fibroblast HOF and HACAT cells. The cells exposed to an ICsg
dose of TQ with HSC-3 cells [17, 18]. The data used for this study was obtained from [19].

3. Mathematical Model

We have adopted the stochastic modelling approach to describe the interaction of the HSC-3 and TQ in
the present study. TQ induced apoptosis signalling pathway is presented in Figure 1. In human
oral cancer cells, TQ helps in regulating apoptosis proliferation, which leads to apoptotic cell death
and apoptosis triggered by caspase-3 activation.
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Figure 1. Model diagram of TQ induces apoptotic pathway.

The interaction rate of TQ with the cancer cells is denoted as k, The activated caspase 3 (Figure 1)
promotes the cancer cell death or specifically known as the apoptosis mechanism at the rate of &, This
pathway can be converted into the chemical reaction in mathematical form as

A+ X —4 Y —L 5 Apoptosis (1)

induce induce

Herein A =48.7199 is the observed ICsy value in the experimentation. The ICso is referred to the
inhibition concentration of TQ that capable to reduce the cell viability up to 50%. X is the cancer cell,
Y is the activation of caspase 3, k, and k, are the kinetic parameters. Equation (1) can be transformed

into a system of ordinary differential equation (ODE) form as
dX = -k AXdt
dY =(kAX —k,Y)dt

Equation (2), which is the form of ODEs can be converted into stochastic differential equation (SDEs)
by perturbing the parameters &, and k, such that

2

aw

k, —>k, o 3)
aw

k, >k, +o, 0 4)

This yield,
dX =—k AXdt + o, XdW (t) )
dY =(kAX —k,Y)dt + o, YdW (1)
Here, o,,0, > 0are diffusion coefficients and the wiener process for 1 > 0is a Gaussian white noise
process with mean zero and variance, At .
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4. Results and Discussion
The simulated trajectories of the model (5) in the time interval [to T ] are obtained SRK4 over the time

. T o . .
increment h, =t —t _, = N The kinetic parameters are estimated using the MLE method and the results

are depicted in Table 2.

Table 2. Maximum Likelihood Estimates of Stochastic Model Parameter

Parameters k, k, o, o,
Deterministic Model -0.00013  -0.00013 - -
Stochastic Model -0.00013  -0.00013  -0.007 0.5

The initial conditions of HSC-3 cell lines, X (O)zl. Figure 2 shows the simulated results of the
deterministic model (2) and the corresponding experimental data.
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Figure 2. Graphical simulation results of deterministic model for ODE with experimental data
of cancerous growth with treatment.

TQ with a dosage of 3ug/mL is promising in HSC-3 cancer treatment under in vitro experimentation.
Graphical visualisation of results shows the medicinal effect of TQ (34g / mL ) on cancer cell growth

in 0, 12, 24, 36 and 48 hours. HSC-3 cancer cell lines show the decreasing trend of growth under the
presence of TQ, hence indicate TQ is a promising treatment in the fight against HSC-3 cancer cell lines
(in vitro experiment). However, the simulated result of the deterministic model is inconsistent with the
experimental data. Figure 3 illustrates the simulated result of SDE (5).
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Figure 3. The Stochastic model’s simulations for SDE with experimental data of cancerous growth
with treatment.

Figure 3 shows the consistency of the simulated results with the experimental data as depicted by the
decreasing trend of the sample path that follows the experimental data. Graphical visualization shows
the medicinal effect of TQ (3 ¢ g/mL) on cancer cell growth in 0, 12, 24, 36 and 48 hours. Cancer

interacting with TQ is subjected to the noisy behaviour as reflected by the up and down of the
simulated results. RMSE is computed to measure the error of both models as indicated in Table 3. The
SDE model shows a low value of RMSE, hence indicating a good fit of the model.

Table 3. RMSE (Root Mean Square) Value for ODE and SDE Model
Deterministic Model (ODE) 0.6114
Stochastic Model (SDE) 0.0573

5. Conclusion

The numerical simulations for deterministic and stochastic models were presented for cancer cell growth
in response to the TQ for the HSC-3 cancer cells line. Herein, the cancer cell growth is subjected to
noisy behaviour as it is influenced by various uncontrolled factors. The developed model can well
explain the effect of TQ on oral cancer for HSC-3 cell lines. TQ is the promising targeted treatment of
HSC-3 cancer cells line as depicted by the decreasing curve of the cancer cells in the presence of TQ.
The lowest RMSE observed in this study concluded that the stochastic model is more adequate to oral
cancer for HSC-3, which is fitted good to the experimental data. To prevent tumour growth, drug-
targeted therapy should be started as soon as a cancer cell is identified and examined regularly.
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