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Introduction: Cancer is a disorder with a high mortality rate that 

leads to many psychological and economic conflicts. Herbal 

compounds that induce apoptosis are one of the methods for the 

treatment of cancer. The aim of the present study was to evaluate 

the anticancer effects of hydroxytyrosol on oral cancer cell line KB 

and the regulation of BAX and BCL2 genes expression. 

Materials and Methods: Anti-proliferation effects of 

hydroxytyrosol against oral cancer cell line KB were investigated 

by 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide 

(MTT) assay. Moreover, mRNA expression of BAX and BCL2 

genes were investigated by quantitative Real-Time PCR method.  

Results: We observed a significant decrease in proliferation of the 

oral cancer cell line treated with hydroxytyrosol. In addition, 

expression of BAX and BCL2 genes was significantly increased 

(3.3 fold) and decreased (2.2 fold) in the oral cancer cell line treated 

with Hydroxytyrosol, respectively (P < 0.05).  

Conclusion: The study indicated a high antiproliferation effect of 

hydroxytyrosol against oral cancer cell line KB through regulating 

the expression of some apoptotic genes. 
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Introduction 

Cancer is the most common human genetic 

disease characterized by abnormal cell 

growth and regarded as the second-leading 

cause of death globally (1). Cancer cells 

often have the ability to invade adjoining 

parts or spread throughout the body (2). 

Oral cancer is the sixth most common 

malignancy in the world (3, 4). The global 

incidence of this cancer has been reported 

as about 354,864 new cases and 177,384 

deaths in 2018 (5, 6). Conventional oral 

squamous cell carcinoma (OSCC) accounts 

for more than 90% of cancer cases in the 

head and neck region, and it may affect any 

region of the oral cavity and oropharynx (7, 

8). Pathological studies have demonstrated 

that environmental factors such as tobacco 

and alcohol are associated with an 

increased risk of oral cancer (8, 9). 

Current clinical treatments for oral cancer 

include surgery, chemotherapy, and 

radiation therapy. According to recent 
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studies, these treatments are not only 

completely free of side effects, but also it 

may reduce proper organ function and life 

quality (10, 11). Previous investigations 

have reported that various herbal medicines 

are important sources of several therapeutic 

compounds. 

Due to fewer side effects compared to 

current chemotherapeutic drugs, natural 

compounds have attracted the interest of 

scientists (12, 13). 

Olive is one of the most important 

medicinal plants with anti-cancer, anti-

inflammatory, antioxidant, and 

antibacterial activity. Hydroxytyrosol is 

one of the major compounds in olive oil 

with an anti-cancer effect through several 

signaling pathways, such as induction of 

apoptosis (14, 15). Previous studies have 

reported that hydroxytyrosol has an 

appropriate anti-proliferative effect against 

several cancer cells (16, 17). However, very 

limited studies have been conducted on the 

anti-cancer effects of hydroxytyrosol on 

oral cancer cells and underlying molecular 

mechanisms. 

The present study aimed to evaluate the 

potential anti-proliferative effect of 

hydroxytyrosol against oral cancer cell line 

KB. 

Materials and Methods 

Cell Culture 

KB cell line was purchased from the 

Pasteur Institute of Iran. The cancer cells 

were cultured in RPMI-1640 medium 

supplemented with 10% FBS, 1% 

penicillin-streptomycin (5,000 units/mL-

5,000 mg/mL), and incubated at 37°C and 

5% CO2 (18).  

Cell Viability Assay 

The cancer cells were seeded in a 96-well 

cell culture plate (1.5×104 cells/well) and 

incubated for 24 hours. Then, treatment of 

the cancer cells was performed by 

hydroxytyrosol (10, 32, 100, 320 µM) for 

24, 48, and 72 hours. After this, the old 

medium was substituted with fresh culture 

medium (200 μL) contains 3-[4,5-

dimethylthiazol-2-yl]-2,5 diphenyl 

tetrazolium bromide (MTT) reagent (50 μL, 

5 mg/mL reagent in culture medium), and 

incubated for 4 hours. Next, the old culture 

medium was discarded, and 50 μL dimethyl 

sulfoxide (DMSO) was added and then 

incubated for 30 minutes. The optical 

densities (OD) of all wells were measured 

at 570 nm, and cancer cells viability was 

calculated (19). 

Gene Expression Assay  

The cancer cells were seeded in a 6-well 

cell culture plate (1.5×105 cells/well) and 

incubated for 24 hours. Then, treatment of 

the cancer cells was performed by 

hydroxytyrosol (20 µM) for 72 hours. The 

treated cancer cells were trypsinized and 

resuspended in TRIzol reagent in order to 

extract total RNA. Next, the obtained total 

RNA was reversely transcribed into cDNA 

using oligo-dT primers. The quantitative 

Real-Time PCR (qRT-PCR) by specific 

primers was used to investigate BAX and 

BCL2 genes mRNA expression. The 

primers sequences were as follows: BAX 

forward primer: 5′-

AACTGGACAGTAACATGGAG-3′ and 

reverse primer: 5′-

TTGCTGGCAAAGTAGAAAAG-3′; 

BCL2 forward primer: 5′-

CCTTTGGAATGGAAGCTTAG-3′ and 

reverse primer: 5′-

GAGGGAATGTTTTCTCCTTG-3′. The 

expression of the ACTB gene (β-actin) was 

investigated as endogenous control. The 

expression of mentioned genes was 

analyzed by a comparative 2–ΔΔCt threshold 

cycle (20). 

The statistical package for the social 

sciences (SPSS) software (version 20, 

SPSS Inc., Chicago, IL) was used for the 

statistical analysis of the obtained data. The 

obtained data were analyzed by one-way 

analysis of variance (ANOVA). Tukey 

(post-hoc) test was used to compare the 

treatment groups (21). 
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Results 

Cancer Cell Viability 

We have found that hydroxytyrosol has an 

appropriate anti-proliferation effect against 

oral cancer cell line KB. We observed that 

the anticancer effects of hydroxytyrosol 

were in a time- and dose-dependent 

manner. In this study, the half-maximal 

inhibitory concentration (IC50) of 

hydroxytyrosol was 28 µM (Figure 1). 

 

 
Figure 1. Inhibitory effects of hydroxytyrosol on the viability of oral cancer cell line KB. Anticancer effects of 

hydroxytyrosol were in a time- and dose-dependent manner, and IC50 was 28 µM. 

 

Expression of Apoptosis-related Genes 

Expression of BAX gene was upregulated 

(3.3 fold) in oral cancer cell line KB after 

treatment by hydroxytyrosol (28 µM). In 

addition, expression of the BCL2 gene was 

downregulated (2.2 fold) in treated cancer 

cells with hydroxytyrosol (28 µM). A 

higher concentration of hydroxytyrosol 

(100 µM) indicated more regulatory effects 

in mRNA expression of apoptosis-related 

genes (Figure 2). 

Discussion  

For a large percentage of the world's 

population, especially in developing 

countries, herbal medicines are used to treat 

various disorders. This is because they 

believe that herbal medicines, in addition to 

being cheap and available, have no side 

effects (22, 23). The world today is facing a 

high prevalence of cancer, which is the 

second cause of death after heart disease. 

Identifying important mechanisms 

involved in cancer progression is important 

for the improvement of the cancer therapy 

approach (24, 25). Different mutations can 

make cells more resistant to apoptosis, so 

the use of chemical compounds that induce 

apoptosis is one of the main approaches to 

cancer therapy (26, 27). 
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Figure 2. Effects of hydroxytyrosol on mRNA expression of apoptosis-related BAX and BCL2 genes. (A) 

Expression of BAX gene was significantly upregulated 3.3 fold, and 4.6 fold in oral cancer cell line KB treated 

with 28 µM and 100 µM hydroxytyrosol, respectively. (B) Expression of the BCL2 gene was significantly 

downregulated 2.2 fold, and 3.1 fold in oral cancer cell line KB treated with 28 µM and 100 µM hydroxytyrosol, 

respectively. (* P < 0.01 and ** P < 0.001). 

 

In the present study, we investigated the 

anti-proliferative effect of hydroxytyrosol 

against oral cancer cell line KB, as well as 

the expression of apoptosis-related genes. 

Our results demonstrated that 

hydroxytyrosol could inhibit the 

proliferation of oral cancer cells in a time- 

and dose-dependent manner. In our study, 

IC50 of hydroxytyrosol was 28 µM. In 

addition, mRNA expression of the BAX 

gene was significantly upregulated in oral 

cancer cells after treatment with 

hydroxytyrosol; whereas mRNA 

expression of the BCL2 gene was 

significantly downregulated in treated 

cancer cells with hydroxytyrosol. 

Numerous anticancer agents are derived 

from herbal medicine and are used to 

treatment of various metastatic and non-

metastatic cancers (28). Various studies 

have demonstrated that herbal medicine has 

a significant effect on the prevention and 

treatment of cancer. These compounds 

work by different mechanisms, but 

apoptosis induction is a common point of 

many of these compounds. 

Olive oil is one of the common natural 

compounds, and hydroxytyrosol is the main 

component of olive oil. Evidence suggests 

that hydroxytyrosol decreases the growth 

and proliferation of numerous cancer cells 

through several molecular mechanisms, 

includes cell cycle arrest and apoptosis 

induction (29, 30). Both BAX (pro-

apoptotic) and BCL2 (anti-apoptotic) are 

the most important genes involved in the 

apoptosis pathway. We observed that 

hydroxytyrosol significantly 

downregulates BCL2 and upregulates BAX. 

Conclusion 

Generally, our study demonstrated that 

hydroxytyrosol has a significant anti-

proliferative effect against oral cancer cell 

line KB. We suggested that the anti-

proliferative effect of hydroxytyrosol may 

be due to the regulation of apoptosis-related 

genes expression. However, more studies 

are required to obtain more accurate results. 

Acknowledgments 

We thank the whole staff of Biotechnology 

Research Center, Tabriz Branch, Islamic 

Azad University, for assistance in the 

successful strategy of this research.

 



Anticancer effect of hydroxytyrosol on oral cancer cell line KB 

 

35 

 References  

1. Hassanpour SH, Dehghani M. Review 

of cancer from perspective of 

molecular. J Cancer Res Pract. 

2017;4(4):127-9. 

2. Clark AG, Vignjevic DM. Modes of 

cancer cell invasion and the role of the 

microenvironment. Curr Opin Cell 

Biol. 2015; 36:13-22. doi: 

10.1016/j.ceb.2015.06.004. 

3. Warnakulasuriya S. Causes of oral 

cancer–an appraisal of controversies. 

Br Dent J. 2009;207(10):471-5. 

4. Dhanuthai K, Rojanawatsirivej S, 

Thosaporn W, Kintarak S, 

Subarnbhesaj A, Darling M, 

Kryshtalskyj E, Chiang CP, Shin HI, 

Choi SY, Lee SS. Oral cancer: A 

multicenter study. Med Oral Patol Oral 

Cir Bucal. 2018;23(1):e23. doi: 

10.4317/medoral.21999. 

5. Bray F, Ferlay J, Soerjomataram I, 

Siegel RL, Torre LA, Jemal A. Global 

cancer statistics 2018: GLOBOCAN 

estimates of incidence and mortality 

worldwide for 36 cancers in 185 

countries. CA: Cancer J Clin. 

2018;68(6):394-424. 

doi.org/10.3322/caac.21492. 

6. Almangush A, Mäkitie AA, 

Triantafyllou A, de Bree R, Strojan P, 

Rinaldo A, et al. Staging and grading of 

oral squamous cell carcinoma: An 

update. Oral Oncol. 2020; 107:104799. 

doi: 

10.1016/j.oraloncology.2020.104799. 

7. Tandon P, Dadhich A, Saluja H, 

Bawane S, Sachdeva S. The prevalence 

of squamous cell carcinoma in different 

sites of oral cavity at our Rural Health 

Care Centre in Loni, Maharashtra–a 

retrospective 10-year study. Contemp 

Oncol. 2017;21(2):178. doi: 

10.5114/wo.2017.68628. 

8. Inchingolo F, Santacroce L, Ballini A, 

Topi S, Dipalma G, Haxhirexha K, et 

al. Oral Cancer: A Historical Review. 

Int J Environ Res Public Health. 

2020;17(9):3168. 

doi.org/10.3390/ijerph17093168. 

9. Lin WJ, Jiang RS, Wu SH, Chen FJ, 

Liu SA. Smoking, alcohol, and betel 

quid and oral cancer: a prospective 

cohort study. J Oncol. 2011;2011. doi: 

10.1155/2011/525976. 

10. Taheri E, Ghorbani S, Safi M, Sani NS, 

Amoodizaj FF, Hajazimian S, Heidari 

M, et al. Inhibition of Colorectal 

Cancer Cell Line CaCo-2 by Essential 

Oil of Eucalyptus camaldulensis 

Through Induction of Apoptosis. Acta 

Med Iran 2020;58(6):260-265. 

11. Hajazimian S, Maleki M, Mehrabad 

SD, Isazadeh A. Human Wharton’s 

jelly stem cells inhibit endometriosis 

through apoptosis induction. 

Reproduction. 2020;159(5):549-58. 

doi: 10.1530/REP-19-0597. 

12. Mahdavi S, Azizi Dehbokri M, 

Isazadeh A. Contamination of chicken 

meat with salmonella spp distributed in 

mahabad city, iran. Int J Enteric 

Pathog. 2018;6(3):65-8. 

doi:10.15171/ijep.2018.18 

13. Maroufi NF, Vahedian V, Hemati S, 

Rashidi M, Akbarzadeh M, Zahedi M, 

et al. Targeting cancer stem cells by 

melatonin: Effective therapy for cancer 

treatment. Pathol Res Pract. 

2020:152919. doi: 

10.1016/j.prp.2020.152919. 

14. Boss A, Bishop KS, Marlow G, Barnett 

MP, Ferguson LR. Evidence to support 

the anti-cancer effect of olive leaf 

extract and future directions. Nutrients. 

2016;8(8):513. doi: 

10.3390/nu8080513. 

15. Farhoudi Sefidan Jadid M, Shadman B, 

Chavoshi R, Seyyedsani N, Aghaei E, 

Taheri E, et al. Enhanced Anticancer 

Potency of Hydroxytyrosol and 

Curcumin by PLGA-PAA Nano-

Encapsulation on PANC-1 Pancreatic 

Cancer Cell Line. Environ Toxicol. 

2021;1-5. doi: 10.1002/tox.23103. 

16. Zhao B, Ma Y, Xu Z, Wang J, Wang F, 

Wang D, et al. Hydroxytyrosol, a 



Anticancer effect of hydroxytyrosol on oral cancer cell line KB 

 

36 

natural molecule from olive oil, 

suppresses the growth of human 

hepatocellular carcinoma cells via 

inactivating AKT and nuclear factor-

kappa B pathways. Cancer Lett. 

2014;347(1):79-87. doi: 

10.1016/j.canlet.2014.01.028. 

17. Calderón-Montaño JM, Madrona A, 

Burgos-Moron E, Orta ML, Mateos S, 

Espartero JL, et al. Selective cytotoxic 

activity of new lipophilic 

hydroxytyrosol alkyl ether derivatives. 

J Agric Food Chem. 

2013;61(21):5046-53. doi: 

10.1021/jf400796p. 

18. Maroufi NF, Vahedian V, Akbarzadeh 

M, Mohammadian M, Zahedi M, 

Isazadeh A, et al. The apatinib inhibits 

breast cancer cell line MDA-MB-231 

in vitro by inducing apoptosis, cell 

cycle arrest, and regulating nuclear 

factor-κB (NF-κB) and mitogen-

activated protein kinase (MAPK) 

signaling pathways. Breast Cancer. 

2020;27(4):613-620. doi: 

10.1007/s12282-020-01055-6. 

19. Isazadeh A, Hajazimian S, Shadman B, 

Safaei S, Babazadeh Bedoustani A, 

Chvosh R, et al. Anti-cancer effects of 

probiotic lactobacillus acidophilus for 

colorectal cancer cell line caco-2 

through apoptosis induction. Pharm 

Sci. 2021;1-5. doi: 

10.34172/PS.2020.52 

20. Firouzi Amoodizaj F, Baghaeifar S, 

Taheri E, Farhoudi Sefidan Jadid M, 

Safi M, Seyyed Sani N, et al. Enhanced 

anticancer potency of doxorubicin in 

combination with curcumin in gastric 

adenocarcinoma. J Biochem Mol 

Toxicol. 2020:22486. doi: 

org/10.1002/jbt.22486 

21. Vahedian V, Asadi A, Esmaeili P, 

Zamani S, Zamani R, Hajazimian S, et 

al. Anti-inflammatory activity of emu 

oil-based nanofibrous scaffold through 

downregulation of IL-1, IL-6, and 

TNF-α pro-inflammatory cytokines. 

Horm Mol Biol Clin Investig. 

2020;20190052. doi: 10.1515/hmbci-

2019-0052. 

22. Mahdavi S, Kheyrollahi M, Sheikhloei 

H, Isazadeh A. Antibacterial and 

Antioxidant Activities of Essential Oil 

on Food Borne Bacteria. Open 

Microbiol J. 2019;13(1):81-85. 

23. Mahdavi S, Hajazimian S, Isazadeh A, 

Babashpour M, Shishehgar R. Study of 

the antioxidant and antimicrobial 

effects of the ethanolic extract of 

Eucalyptus camaldulensis Dehnh 

against infectious bacteria isolated 

from clinical and animal sources. J 

Comparative Pathobiol. 

2017;13(4):2080. 

24. Farhoudi Sefidan Jadid M, Aghaei E, 

Taheri E, Seyyedsani N, Chavoshi R, 

Abbasi S, et al. Melatonin Increases the 

Anticancer Potential of Doxorubicin in 

Caco-2 Colorectal Cancer Cells. 

Environ Toxicol. 2021;1-5. doi: 

org/10.1002/tox.23105 

25. Soheilyfar S, Velashjerdi Z, Hajizadeh 

YS, Maroufi NF, Amini Z, Khorrami 

A, et al. In vivo and in vitro impact of 

miR-31 and miR-143 on the 

suppression of metastasis and invasion 

in breast cancer. J BUON. 

2018;23(5):1290-6. 

26. Maroufi NF, Taefehshokr S, Rashidi 

MR, Taefehshokr N, Khoshakhlagh M, 

Isazadeh A, et al. Vascular mimicry: 

changing the therapeutic paradigms in 

cancer. Mol Biol Rep. 

2020;47(6):4749-65. doi: 

10.1007/s11033-020-05515-2. 

27. Astamal RV, Maghoul A, Taefehshokr 

S, Bagheri T, Mikaeili E, Derakhshani 

A, et al. Regulatory role of microRNAs 

in cancer through Hippo signaling 

pathway. Pathol-Res Pract. 

2020;216(12):153241. doi: 

10.1016/j.prp.2020.153241. 

28. HemaIswarya S, Doble M. Potential 

synergism of natural products in the 

treatment of cancer. Phytother Res. 

2006;20(4):239-49. doi: 

10.1002/ptr.1841. 

29. Wang W, Chen P, Su Y. Colorectal 

carcinoma: from tumorigenesis to 



Anticancer effect of hydroxytyrosol on oral cancer cell line KB 

 

37 

treatment. Cell and Mol Life Sci. 

2006;63(6):663-71. doi: 

10.1007/s00018-005-5425-4. 

30. Mohammad A, Bano Faruqi F, Mustafa 

J. Edible compounds as antitumor 

agents. Indian J Sci Technol. 

2009;2(5):62-74. doi: 

10.17485/ijst/2009/v2i5.9.

 


