Cellular and Molecular Biology .
E-ISSN : 1165-158X / P-ISSN : 0145-5680 M (Publisher

www.cellmolbiol.org

Original Research
Exploration of pro-apoptotic effect of Thymoquinone on oral squamous cell carcinoma

cells through PI3K/AKkt signaling pathway
Xun Ren, Wei Luo®

Department of Stomatology, Sichuan Academy of Medical Sciences & Sichuan Provincial People’s Hospital, No.32, West Second Section, First
Ring Road, Chengdu, Sichuan, China

Correspondence to: zr12555@163.com

Received November 22, 2018; Accepted January 15, 2019; Published January 31, 2019

Doi: http://dx.doi.org/10.14715/cmb/2019.65.1.11

Copyright: © 2019 by the C.M.B. Association. All rights reserved.

' ™

\
Abstract: Oral squamous cell carcinoma (OSCC) is the sixth most prevalent cancer type in the world, with a 5-year survival rate of only 40% to 50%. Finding

effective anti-tumor drug candidates is quite necessary for the progression of OSCC therapy. In this study, the role of Thymoquinone (TQ) in OSCC cells was
studied. It was confirmed that TQ can inhibit the proliferation, migration and invasion of KB cells, and can also achieve apoptosis by inhibiting the activation of
PI3K/Akt pathway. Therefore, TQ is an effective candidate for the treatment of OSCC.

\ {(ey words: Thymoquinone; Oral squamous cell carcinoma; Pro-apoptotic; PI3K-Akt. )
Introduction used in dental care products as a remineralization or
anti-caries agent.

Head and neck squamous cell carcinoma (HNSCC) Black seed (Nigella sativa, Ranunculaceae) is an an-
is the most common malignancy in the world, and oral nual herb that grows in countries bordering the Mediter-
cancer is a subtype of head and neck cancer, defined as ranean, Pakistan and India and is one of the most widely
the growth of any cancerous tissue located in the mouth studied plants in phytochemistry and pharmacology.
(1). Several types of oral cancer have been identified, The seed has been used in natural remedies for more
but approximately 90% are oral squamous cell carcino- than 2000 years to promote health and treat diseases.
ma (OSCC), making it the sixth most prevalent cancer Numerous studies have shown that the seeds and oils
type in the world (2). Surgery, radiation therapy, adju- of this plant are very toxic (Ali & Blunden, 2003). The
vant chemotherapy or a combination of these methods chemical composition of black seeds is very rich and
is the standard of choice for managing OSCC. Despite diverse. In addition to its active ingredient crystalline
advances in treatment, the percentage of OSCC morbi- nigellone, black seeds contain 15 kinds of amino acids,
dity and mortality has not increased significantly over proteins, carbohydrates, fixed oils (84% fatty acids, in-
the past 30 years. Because OSCC has local invasion, cluding linolenic acid and oleic acid) and volatile oils,
cervical lymph node metastasis, and malignant biologi- alkaloids, saponins, crude fiber, and minerals, etc. (11).
cal characteristics such as resistance to various chemo- Thymoquinone (TQ) is the main bioactive component
therapeutic drugs, the 5-year survival rate of OSCC pa- of black seed volatile oil (54%). Studies have shown
tients is only between 40% and 50% (3-5). In addition, that TQ exerts anti-inflammatory, anti-oxidant and anti-
There are also many adverse side effects during cancer tumor effects in vitro and in vivo (12, 13). Although the
chemotherapy (6). Therefore, finding effective anti-tu- anti-cancer and pro-apoptotic properties of TQ have
mor drug candidates is very necessary for the progress been reported in many studies, its role in OSCC has not
of OSCC treatment. been fully investigated. In this study, we investigated

Finding new anticancer drugs usually focuses on the antitumor activity of TQ in KB cells in vitro. We
natural compounds, such as plant derived products. studied the effects of TQ on cell proliferation, invasion
Plant sources have long been recognized as a powerful and migration, and studied related pathways.
resource for the discovery of new cancer drugs because
they contain natural compounds that may cause fewer Materials and Methods
side effects than synthetic compounds (7, 8). In tradi-
tional medicine, the roots of Sanguinaria canadensis L., Materials
commonly known as the American blood root grass, are Thymoquinone (purity >98%, Chengdu Pulis Bio-
used to treat various diseases, especially bronchitis and technology Co., Ltd.), human oral epidermoid carci-
asthma (9). S. canadensis root extract added to tooth- noma cell line KB (American Type Culture Collection
paste and mouthwash quickly gained worldwide atten- (Manassas, MD, USA), K562 cells and MCF-7 cells
tion in the early 1980s (10). The plant is also widely were obtained from KeyGEN BioTECH (Nanjing,
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China). DMEM medium, fetal bovine serum (Hyclone,
USA), Verapamil (VRP, American Sigma), Tetramethy-
lazole Blue (MTT, American Sigma), formulated with
PBS 5 g/L, 4 °C protected from light, dimethyl sul-
foxide (DMSO, USA Gibco), rabbit anti-PI3K, p-PI3K,
Akt, pAkt, B-actin polyclonal antibody (Abcam, USA).

Cell culture and drug preparation

KB cells, K562 cells and MCF-7 cells were cultured
in modified Dulbecco Eagle medium (DMEM, Hyclon,
USA) containing 10% fetal bovine serum and 1% peni-
cillin and streptomycin in a 37 °C, 5% CO, cell culture
incubator. Thymoquinone was purchased from Sigma-
Aldrich Chemical Co. (St. Louis, MO, USA). A 10 mM
solution was prepared in methanol and then diluted in
the medium as needed to achieve the desired concen-
tration.

Cell viability assay

Cell viability was measured using an MTT (Sigma-
Aldrich Chemical Co.) assay in which blue formazan
crystals were formed by mitochondrial dehydrogenase
reduction. Present in living cells. Briefly, KB cells,
K562 cells and MCF-7 cells were exposed to TQ for
24 hours prior to the experiment, respectively. The cells
were then incubated with 0.5 mg/mL MTT solution and
the cells were incubated for an additional 2 hours at 37
°C. The supernatant was removed, and the crystal pre-
cipitate was dissolved in dimethyl sulfoxide (DMSO,
Sigma Aldrich Chemical Co.). The absorbance of the
formazan product was measured at 540 nm using an
enzyme-linked immunosorbent assay (ELISA) reader
(Molecular Devices, Sunnyvale, CA, USA).

Wound healing assay

To determine whether TQ could alter the migration
capacity of KB cells, 1.0x10* KB cells were plated in
six-well plates for 24 hours, scratched with pipette tips,
and then treated with different concentrations of TQ for
48 hours. The cells were photographed using a phase
contrast microscope (14).

Cell invasion and motility assays

The cells after 24 hours of TQ treatment were col-
lected and seeded in a Boyden chamber (Neuro Probe,
Cabin John, Maryland), cultured in serum-free medium
at 1 x 10° cells/well, and cultured for an additional 24
hours at 37 °C. For the invasion assay, Matrigel (10 mL)
was applied to a polycarbonate membrane filter with a
8 mm pore size and the bottom chamber of the device
contained a standard medium. The invaded cells were
fixed with methanol and stained with Giemsa. Cells
were photographed and counted using an optical mi-
croscope. Triplicate samples were tested and the data
was expressed as the average number of cells in the five
regions. Motility assay was performed following a simi-
lar procedure for the invasion assay except that there
was no matrigel coating (15).

Western blotting analysis

Total cell lysates were prepared from cells treated
with different concentrations of TQ for 48 h in accor-
dance with previously described methods (16). The to-
tal cell lysates were incubated with primary antibodies,

washed, and monitored through immunoblotting assays
with specific secondary antibodies as previously descri-
bed (17). The following primary polyclonal antibodies
were used: anti-PI3K, p-PI3K, Akt andp-Akt antibodies
were purchased from Santa Cruz Biotechnology, Inc.,
(Santa Cruz, California), and b-actin antibody was pur-
chased from Cell Signaling Technology Inc. (Danvers,
Massachusetts).

Statistical method

It applied GraphpadPrism 6.0 statistical software.
The measurement data were expressed as x + SD, and
the comparison between groups was performed by one-
way analysis of variance, and the comparison between
multiple means was performed by q test. P < 0.05 was
considered statistically significant.

Results

Cytotoxic effect of TQ on KB cells

TQ produced certain cytotoxic effects on KB cells,
K562 cells and MCF-7 cells at all concentrations tested,
and this effect was dose-dependent. The greater the
concentration, the greater the cytotoxicity. And the IC,
value of TQ against KB cells reached 3.41 + 0.25 uM,
which has better anti-OSCC cell proliferation ability.

TQ inhibits the migration and invasion of KB cells
We further examined the inhibitory effect of TQ on
KB cell migration and invasion. The scratch results
showed that after 24 hours of culture with normal me-
dium without drug, the ability to significantly promote
cell migration in the vicinity of scratches and the ability
to scratch under the same conditions in cells cultured
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Figure 1. Cytotoxicity of the TQ against KB cells, K562 cells and
MCEF-7 cells determined by MTT method. Each date point is pres-
ented as mean % SD for three independent tests. The IC, value was
determined with GraphPad Prism 6.0.
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Figure 2. Effects of TQ on the .migration abilities of KB cells. Ano-

ther two independent experiments were conducted.
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with TQ-containing medium was observed. Signifi-
cantly decreased and dependent on the concentration of
TQ. These results show that TQ significantly inhibits
the migration of KB (Figure 2) cells.

The Boyden assay was used to detect the inhibitory
effect of TQ on KB cell invasion. TQ significantly re-
duced KB cell invasion (cells seeded on Matrigel coated
filters) (Figure 3), and inhibition was more pronounced
at high concentrations. Quantitative analysis showed
that 1 and 5 uM TQ treatment reduced the migration
activity of KB cells by 40% (P < 0.05) and 78% (P <
0.01), respectively, and reduced the invasiveness of
OSCC.

TQ promoted the inactivation of PI3K/Akt signaling
pathway in KB cells

To further explore the pathways involved in TQ, we
performed expression of related pathway proteins. Wes-
tern blot results showed that phosphorylation levels of
PI3K and Akt were significantly reduced after 48 hours
of TQ treatment (Figure 4). However, the total expres-
sion levels of PI3K and Akt remained the same throu-
ghout the experiment. This indicates that TQ exerts its
anti-tumor OSCC effect at least in part by blocking the
PI3K/Akt signaling pathway in KB cells.

Discussion

OSCC is the most common form of head and neck
cancer, and its subsequent metastatic tendency is asso-
ciated with poor prognosis. Oral cancer-related deaths
are usually caused by local recurrence or systemic
metastasis (18, 19). Therefore, metastasis is a major
obstacle to successful treatment of OSCC. Despite ad-
vances in treatment, the percentage of OSCC morbidity
and mortality has not increased significantly over the
past 30 years, and finding effective anticancer drug can-
didates is essential for the progression of OSCC therapy
(20).

Thymoquinone (TQ) is the main bioactive com-
ponent of black seed volatile oil (54%). Studies have
shown that TQ exerts anti-inflammatory, anti-oxidant
and anti-tumor effects in vitro and in vivo (21). Although
the anti-cancer and pro-apoptotic properties of TQ have
been reported in many studies, its role in OSCC has not
been fully investigated. This study demonstrates for the
first time that TQ can significantly inhibit the prolife-
ration and migration of OSCC cells, inhibit the PI3K/
AKT pathway, and induce apoptosis.

In this study, we treated KB cells with different
concentrations of TQ and found that they significantly
reduced cell viability in a concentration-dependent man-
ner. At the same time, through scratch experiments and
invasion experiments, we confirmed that TQ can inhibit
the migration and invasion of KB cells. Western Blot
experiments show that TQ can also achieve apoptosis
through the inactivation of the PI3K/Akt pathway. The
PI3K/Akt pathway is a cell survival signaling pathway
that blocks apoptosis in a variety of cell types (22, 23).
The dysregulation of the PI3K/Akt pathway is associa-
ted with chemoresistance (24c). Abnormal activation
of this pathway involves the development and progres-
sion of several types of human malignancies, including
OSCC (25, 26). The pro-apoptotic potential of some
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Figure 3. Effects of TQ on the invasion abilities of KB cells. Data
represent the mean = SD of at least three independent experiments.
The statistical significance (*, P < 0.05, **, P < 0.01) of results

were determined through Student’s t test.
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Figure 4. Effect of TQ on PI3K/Akt signaling in KB cells. (*) P
<0.05, (**) P <0.01 relative to the control. Representative result
is shown here and similar results were obtained in two other inde-
pendent trials.

anticancer drugs is highly correlated with the inactiva-
tion of the PI3K/Akt pathway, suggesting that inhibition
of the PI3K/Akt signaling cascade can be an effective
strategy for cancer therapy. Therefore, we investigated
whether the inactivation of the PI3K/Akt pathway is
required for cytostatic inhibition by TQ. We found that
phosphorylated PI3K and Akt levels were significantly
reduced in TQ-treated KB cells, but total protein levels
were almost identical, suggesting that PI3K/Akt may
play an important role in TQ-producing anti-KB cell
proliferation activity.

In summary, this study demonstrates for the first
time that TQ might be a new and effective therapeutic
candidate against OSCC cell proliferation and migra-
tion, and its anti-tumor effect might be mediated by the
PI3K/Akt signaling pathway. This study provides a new
theoretical basis and hypothesis for the clinical applica-
tion of TQ in the treatment of OSCC.

Acknowledgements
None.

Conflict of Interest
There are no conflicts of interest in this study.

Author’s contribution

All work was done by the author named in this article
and the authors accept all liability resulting from claims
which relate to this article and its contents. The study
was conceived and designed by Wei Luo; Xun Ren, Wei
Luo collected and analysed the data; Xun Ren wrote
the text and all authors have read and approved the text
prior to publication.

References

1. Ragin CCR, Emanuela T. Survival of squamous cell carcinoma
of the head and neck in relation to human papillomavirus infection:

Cell Mol Biol (Noisy le Grand) 2019 | Volume 65 | Issue 1

63



Xun Ren and Wei Luo

Effect of Thymoquinone on oral squamous cell.

review and meta-analysis. Int ] Cancer 2010; 121: 1813-1820.

2. ErnaniV, Saba NF. Oral Cavity Cancer: Risk Factors, Pathology,
and Management. Oncol 2015; 89: 187.

3. Albuquerque R, Lépez-Lopez J, Mari-Roig A, Jané-Salas E,
Rosello-Llabrés X, Santos JR. Oral tongue squamous cell carcinoma
(OTSCCQ): alcohol and tobacco consumption versus non-consump-
tion. A study in a Portuguese population. Braz Dent J 2011; 22: 517.
4. Sharma SV, Bell DW, Settleman J, Haber DA. Epidermal growth
factor receptor mutations in lung cancer. Nat Rev Cancer 2007; 7:
169-181.

5. Bello IO, Soini Y, Salo T. Prognostic evaluation of oral tongue
cancer: means, markers and perspectives (II). Oral Oncol 2010; 46:
636-643.

6. Bredell M, Rordorf T, Studer G. Treatment concepts of oral can-
cer. SADJ 2012; 67: 574.

7. Cragg GM, Newman DJ. Plants as a source of anti-cancer
agents. J Ethnopharmacol 2005; 99: 72-79100.

8. Fridlender M, Kapulnik Y, Koltai H. Plant derived substances
with anti-cancer activity: from folklore to practice. Front Plant Sci
2015; 6: 799.

9. Vlachojannis C, Magora F, Chrubasik S. Rise and Fall of Oral
Health Products with Canadian Bloodroot Extract. Phytother Res
2012; 26: 1423-1426.

10. Miller RA, Mciver JE, Gunsolley JC. Effects of sanguinaria
extract on plaque retention and gingival health. J Clin Orthod 1988;
22:304.

11. Galimuhtasib H, Diabassaf M, Boltze C, Al-Hmaira J, Hartig R,
Roessner A, et al. Thymoquinone extracted from black seed triggers
apoptotic cell death in human colorectal cancer cells via a p53-de-
pendent mechanism. Int J Oncol 2004; 25: 857-866.

12. Galimuhtasib H, Roessner A, Schneiderstock R. Thymoquinone:
a promising anti-cancer drug from natural sources. Int J Biochem
Cell Biol 2006; 38: 1249-1253.

13. Feng L M, Wang X F, Huang Q X. Thymoquinone induces cyto-
toxicity and reprogramming of EMT in gastric cancer cells by targe-
ting PI3K/Akt/mTOR pathwayc. Journal of Biosciences, 2017, 42,
547-554.

14. Ho HY, Ho YC, Hsieh MJ, Yang SF, Chuang CY, Lin CW, et
al. Hispolon suppresses migration and invasion of human nasopha-
ryngeal carcinoma cells by inhibiting the urokinase-plasminogen
activator through modulation of the Akt signaling pathway. Environ

Toxicol 2016; 32: 645-655.

15. Zeisberg M, Hanai J, Sugimoto H, Mammoto T, Charytan D,
Strutz F, et al. BMP-7 counteracts TGF-betal-induced epithelial-to-
mesenchymal transition and reverses chronic renal injury. Nat Med
2003; 9: 964-968.

16. Chen PN, Yang SF, Yu CC, Lin CY, Huang SH, Chu SC, et al.
Duchesnea indica extract suppresses the migration of human lung
adenocarcinoma cells by inhibiting epithelial-mesenchymal transi-
tion. Environ Toxicol 2017; 32: 2053-2063.

17. Lin CW, Yang WE, Lee WJ, Hua KT, Hsieh FK, Hsiao M, et al.
Lipocalin 2 prevents oral cancer metastasis through carbonic anhy-
drase IX inhibition and is associated with favourable prognosis. Car-
cinogenesis 2016; 37: 712-722.

18. Su SC, Lin CW, Yang WE, Fan WL, Yang SF. The urokinase-
type plasminogen activator (uPA) system as a biomarkerand the-
rapeutic target in human malignancies. Expert Opin Ther Targets
2015; 20: 1.

19. Yeh CM, Su SC, Lin CW, Yang WE, Chien MH, Reiter RJ, et al.
Melatonin as a potential inhibitory agent in head and neck cancer.
Oncotarget 2017; 8: 90545-90556.

20. Hsin MC, Hsieh YH, Wang PH, Ko JL, Hsin IL, Yang SF. His-
polon suppresses metastasis via autophagic degradation of cathepsin
S in cervical cancer cells. Cell Death Dis 2017; 8: 3089.

21. Awad ASM, Haleem ENAA, El-Bakly WM, Sherief MA. Thy-
moquinone alleviates nonalcoholic fatty liver disease in rats via
suppression of oxidative stress, inflammation, apoptosis. Naunyn
Schmiedebergs Arch Pharmacol 2016; 389: 381-391.

22. Heavey S, O'Byrne KJ, Gately K. Strategies for co-targeting
the PI3K/AKT/mTOR pathway in NSCLC. Cancer Treatment Rev
2014; 40: 445-456.

23c. Karar J, Maity A. PI3K/AKT/mTOR Pathway in Angiogenesis.
Front Mol Neurosci 2011; 4: 51.

24. Burris HA 3rd. Overcoming acquired resistance to anticancer
therapy: focus on the; PI3K/AKT/mTOR pathway. Cancer Chemo-
ther Pharmacol 2013; 71: 829-842.

25. Molinolo AA, Amornphimoltham P, Squarize CH, Castilho RM,
Patel V, Gutkind JS. Dysregulated molecular networks in Head &
Neck carcinogenesis. Oral Oncol 2009; 45: 324-334.

26. Simpson DR, Mell LK, Cohen EE. Targeting the PI3K/AKT/
mTOR pathway in squamous cell carcinoma of the head and neck.
Oral Oncol 2015; 51: 291-298.

Cell Mol Biol (Noisy le Grand) 2019 | Volume 65 | Issue 1

64



