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Introduction

Objective Chrysin is a hydroxylated flavonoid derived from “propolis or bee glue,” a
natural product. Previous research on chrysin’s biological functions, including antican-
cer activity, had been reported. However, chrysin’s effect on oral squamous cell
carcinoma (OSCQ) is still scarce. This article aimed to test the cytotoxicity, antiprolifer-
ative, antimigration, anti-invasion, and apoptotic effects of purified chrysin in two
OSCC cell lines, HSC4 and SCC25.

Materials and Methods The malignant phenotype was assessed using cell prolifera-
tion, wound healing, and transwell assays. Cell apoptosis was determined using flow
cytometry. The positive control was OSCC cells treated with cisplatin, and the negative
control was OSCC cells incubated with 0.1% dimethyl sulfoxide.

Results Chrysin at concentrations of 100 and 200 pM could inhibit OSCC cell
proliferation, migration, and invasion, as well as enhance cell apoptosis, particularly
in the early stages of apoptosis.

Conclusion In OSCC cell lines, chrysin has been demonstrated to be an effective
antioncogenic agent. Additional research is required to confirm the results. Chrysin
should be suggested as a possible alternative therapeutic application for OSCC.

Thailand, 2.5% of all cancer cases and 2% of cancer-related
deaths were caused by oral cancer.? At present, the main-

Oral squamous cell carcinoma (OSCC) is the most prevalent
malignant tumor of the head and neck. These cells, which
originated from stratified squamous epithelium, account for
80 to 90% of oral cancer cases.! OSCC incidence has gradually
increased.” Based on estimates from GLOBOCAN 2020
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stream treatment for OSCC is surgical operation combined
with radiation therapy and/or chemotherapy, but tumors are
still prone to recurrence with a low 5-year survival rate,
making patients deformed and suffered from treatment.>
Therefore, alternative treatments for OSCC are required.
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Chrysin is a dihydroxyflavone found in propolis, plants,
and mushrooms like passion flowers.* Propolis which is a
natural resin compound in bee glue has 28 g/L of chrysin,
supposedly.’ Chrysin has two hydroxyl groups at positions 5
and 7 in a flavone’s A ring6 and has antibacterial, antiviral,
anti-inflammatory, antioxidant, and anticancer properties.’
Chrysin has also demonstrated significant potential for
inducing apoptosis (programmed cell death) in cancer cells,
as well as for inhibiting the proliferation of cancer cells,
cancer cell migration, and cancer cell invasion. A study of
chrysin’s anticancer properties on CAL-27 human tongue
carcinoma cells has been reported.8 The CAL-27 cell line, on
the other hand, was identified as an oral adenosquamous
carcinoma®, a rare variant of 0SCC which is not common.'°
For that reason, we focused our research on the effects of
chrysin on SCC25 and HSC4, two oral squamous cell lines that
have a common histological type. Our objective was to
determine the cytotoxic effect of chrysin on OSCC cells in
vitro, as well as its ability to inhibit OSCC cell proliferation,
migration, and invasion.

Materials and Methods

Cell Culture

The HSC4 and SCC25 cell lines are non-human papillomavi-
rus OSCC continuous cell lines generated from the human
tongue. Both cell lines were obtained from the American Type
Culture Collection. HSC4 cells were grown in Dulbecco’s
Modified Eagle’s Medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) in a humidified atmosphere of 5%
CO, at 37°C. SCC25 cells were grown in a 1:1 mixture of
DMEM and Ham'’s F12 media in a humidified atmosphere of
5% CO, at 37°C.

Cell Viability Assay

Cell cytotoxicity was measured using the 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
test.'1:12 OSCC cells were seeded at a density of 7 x 10* cells
per well in a 96-well plate and incubated for 24 hours at 37°C,
5% CO,, and 95% relative humidity. After that, 100 pL of
negative control, positive control, and chrysin in six different
concentrations (50, 100, 200, 400, 800, and 1000 uM) were
added to each well and incubated for another 24 hours. As a
negative control, 0.1% dimethyl sulfoxide (DMSO) was used.
Each well received 100 pL of MTT solution. After 2 hours of
incubation at 37°C, the MTT solution was removed, and each
well was washed with 100 pL of phosphate-buffered saline
(PBS) solution. Then, 100 uL DMSO was added to each well to
dissolve the formazan from the cells. The number of viable
cells was related to the amount of formazan produced. The
absorbance was measured at 570nm using an Epoch 2
microtiter spectrophotometer (Agilent Technologies Inc.,
California, United States). The assay was performed in bio-
logical triplicate.

Cell Proliferation Assay
0OSCC cells were seeded in 96-well plates at a density of
2 x 10* cells per well and incubated for 24 hours at 37°C, 5%
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CO,, and 95% relative humidity. The cultured media was then
withdrawn. Following that, selected quantities of chrysin
(100 and 200 uM) as well as 100 pL of DMSO-dissolved
negative and positive controls were added and incubated for
1, 3, 5, and 7 days. After 2 hours of incubation at 37°C in a
humidified environment with 5% CO,, in each well, 100 pL of
DMSO was added. Finally, using an Epoch 2 microtiter
spectrophotometer (Agilent Technologies Inc.), the absor-
bance was measured at 570 nm. The test was performed in
biological triplicate.

Cell Migration Assay

An in vitro wound healing assay was used to assess
migration.’® HSC4 and SCC25 cells were seeded in a 24-
well plate with culture medium at a density of 100,000
cells per well. The cells were incubated at 37°C, humidified
at 5% CO, environment for 24 hours. The cell monolayer
was then scraped off in a straight line with a 1,000 pL
pipette tip. After that, 500 uL of 100 and 200 uM chrysin
solution were added and incubated for 24 hours. The plate
was rinsed with PBS at the end of the incubation period,
fixed with ice-cold methanol for 10 minutes, and stained
with 0.2% toluidine blue. An inverted microscope was used
to photograph cell migration. Finally, the migration zones
were determined using the Image-Pro (Media Cybernetics,
Maryland, United States) program. The negative control
was treated with only media, while the positive control
was treated with 100 uM cisplatin. The experiment was
done in biological triplicate.

Cell Invasion Assay

The invasion was assessed using the transwell assay.14 The
transwell insert contains a 24-well cell culture plate with 8
um pores. The upper transwell chambers were loaded with
Matrigel at a density of 100,000 cells per well and were
seeded in serum-free DMEM medium. The lower chamber
contains 10% FBS in DMEM. The OSCC cells were incubated
for 24 hours in 37°C, and humidified at 5% CO, environment
after being treated with 100 pL of 100 and 200 uM chrysin. At
the end of the incubation period, invaded cells at the bottom
of the membrane were fixed and stained. Noninvading cells
on the membrane’s upper surface were removed by scrub-
bing with a sterile cotton pellet. The transwell inserts were
fixated for 10 minutes in ice-cold ethanol before being
stained for 15 minutes with 0.2% crystal violet. Methanol
was used to elute the samples, and absorbance was measured
and compared with the control. The negative control re-
ceived only media, while the positive control received 100
uM cisplatin. The test was performed in biological triplicate.

Apoptosis Assay

Flow cytometry was used to examine the apoptosis of SCC25
and HSC4 cells. Approximately 100,000 cells were stained for
30 minutes at room temperature using Annexin V Alexa Fluor
488 (BioLegend, California, United States) and propidium
iodide (PI) (BioLegend). Fluorescence-activated cell sorting
buffer was added to the cells for flow cytometry cell type
quantification (LSRII, BD Biosciences, California, United



HSC4
100
2 ]
3
8
g ]
5 50
3 ]
°\° 4
0_
Control 50 100 200 400 800 1000
Chrysin (uM)
C HSC4
0.6
-e— Control
a -= Chrysin 100 uM
S 0.4 -4 Chrysin 200 uM
8
c
©
£
o 0.24
K
<
0.0 T T T T
1 3 5 7
Days

Chrysin’s Effects on Oral SCC In Vitro Puengsurin et al.

SCC25

% Cell viability

Control 50 100 200 400 800 1000
Chrysin (uM)
SCC25
0.5-
-e- Control
g 0.4 = Chrysin 100 uM
€ sl ~ Chrysin 200 uM
g
£ 0.2
o
§ 0.1+
0.0 T T T T
1 3 5 7
Days

Fig. 1 Cytotoxicity effect of chrysin on cell lines in vitro using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) cell viability
assay (A) HSC4 and (B) SCC25. The cells were treated with six concentrations of chrysin (50, 100, 200, 400, 800, and 1,000 uM) for 24 hours. The
antiproliferative effect of chrysin on cell lines in vitro using cell proliferation assay (C) HSC4, (D) SCC25. The cells were treated with two
concentrations of chrysin (100 and 200 uM) for 1, 3, 5, and 7 days. The negative control contained 0.1% dimethyl sulfoxide (DMSO).

States). The cell types and frequencies were then gated using
both forward scatter and side scatter. Finally, the data was
examined using the FlowJo program (Ashland, Oregon, Unit-
ed States). The test was repeated three times in biological
triplicate.

Statistical Analysis

PASW Statistics 18.0.0 and GraphPad Prism 6.0 were utilized
for statistical analysis. To evaluate quantitative data, the
Kruskal-Wallis test was performed. The results, which
were largely measurements, were shown as mean and
standard deviation. A p-value of less than 0.05 was consid-
ered statistically significant.

Results

Cytotoxicity Effect of Chrysin on OSCC Cells

The half-maximal inhibitory concentration (IC50) for any of
the chrysin concentrations used in this experiment (50, 100,
200, 400, 800, and 1,000 uM) for both HSC4 and SCC25 was
not measured. Chrysin-treated HSC4 cells showed a gradual
decrease in cell viability from 50 to 1,000 M concentration
of chrysin (=Fig. 1A). Similarly, from 50 to 1000 uM concen-
tration of chrysin, the percent cell viability of chrysin-treated
SCC25 cells steadily declined (~Fig. 1B). At 100 and 200 uM,
chrysin showed that more than 75% of the cells in both cell
lines were still alive. So, 100 and 200 uM of chrysin were
chosen as the best amounts for further tests. Supplementary

~Table S1 (available in the online version) provides more
information on the data shown.

Antiproliferative Effect of Chrysin on OSCC Cells

HSC4 cells treated with 100 pM concentration of chrysin
showed a gradual decrease in absorbance after day 5 after of
incubation. But after day 3, 200 uM chrysin drastically
decreased the absorbance of HSC4 cells (=Fig. 1C). For the
SCC25 cell line, 100 and 200 uM chrysin-treated cells exhib-
ited gradual decreases in absorbance after day 3 with statis-
tical significance when compared with the control group
(=Fig. 1D). As a consequence, chrysin at 100 and 200 pM
were suggested to have the ability to inhibit proliferation.
Additional details about this data can be found in Supple-
mentary ~Table S2.

Antimigratory and Anti-Invasion Effect of Chrysin on
0SCC Cells

In comparison to the control group, HSC4 and SCC25 treated
with chrysin 100 and 200 pM showed a concentration-
dependent reduction in migratory regions (=Fig. 2A-C,
Supplementary =Table S3, available in the online version).
The ability to reduce cell migration is comparable to that of
cisplatin-treated cells.

Chrysin-treated HSC4 and SCC25 showed a concentra-
tion-dependent reduction in absorbance and percentage of
invasion as compared with the control group (~Fig. 3A-C,
Supplementary =Table S4). Similar to the migratory effect,
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Fig.2 Antimigratory effect of chrysin on oral squamous cell carcinoma (OSCC) cell lines in vitro using wound-healing assay. HSC4 and SCC25 cells
were treated with two concentrations of chrysin (100 and 200 pM) for 24 hours, compared with the negative control (0.1% dimethyl sulfoxide
[DMSO]) and the positive control (100 uM cisplatin). (A) Microscopic pictures. (B) Histogram of HSC4. (C) Histogram of SCC25.

the ability to reduce cell invasion is equivalent to that of
cisplatin-treated cells

Chrysin Enhance Apoptotic Effect of OSCC Cells

The flow cytometry results were gated and exemplified
in =Fig. 4A and B. According to annexin-V/PI staining,
SCC25 and HSC4 cells treated with chrysin had a higher
rate of apoptosis than the control and a similar level to
cisplatin-treated cells. The apoptotic rate of HSC4 cells is
influenced by chrysin concentration, especially early apo-
ptosis. In comparison to 100 uM chrysin-treated OSCC cells,
200 uM chrysin-treated OSCC cells have a higher percentage
of early apoptosis and a similar percentage of late apoptosis,
indicating that chrysin has a significant impact on early
apoptosis (=Fig. 4C-H). Additional information on the apo-
ptosis data is available in Supplementary =Table S5, avail-
able in the online version.

Discussion

Our study aims to explore chrysin’s antiproliferative, anti-
migratory, anti-invasion, and apoptotic effects on HSC4 and
SCC25. The two cell lines, HSC4 and SCC25, are both OSCC cell

European Journal of Dentistry  Vol. 17 No. 3/2023 © 2022. The Author(s).

lines that were originally excised from the human tongue.
However, chrysin has been shown to affect the two cell lines
differently. This is possibly due to the different character-
istics of the two cell lines. HSC4 is a metastasized cancer from
the cervical lymph node." Meanwhile, SCC25 is a primary
0SCC of the torlgue.16 Resistance to cytotoxic agents is
common in metastatic tumors, which corresponds to our
findings.

In the present study, the cytotoxic potential of chrysin on
HSC4 and SCC25 cell lines was evaluated using the MTT cell
viability assay. As a result, the viability of chrysin-treated
OSCC cells gradually decreased as the concentration of
chrysin was increased. However, cell viability of HSC4 cells
treated with a 400 pM concentration of chrysin, as well as
SCC25 cells treated with 800 uM chrysin, slightly increased
compared with previous concentrations. Even though the
experiment was repeated three times, errors could have
occurred due to interexperiment and intraexperiment var-
iations. Furthermore, because all concentrations of chrysin in
this experiment were not assessed with the half-maximal
inhibitory concentration, chrysin under 1,000 uM showed no
significant inhibitory effect against both HSC4 and SCC25 cell
lines from the IC50. Chrysin at 100 and 200 pM
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Fig.3 Anti-invasion effect of chrysin on oral squamous cell carcinoma (OSCC) cell lines in vitro using transwell assay. HSC4 and SCC25 cells were
treated with two concentrations of chrysin (100 and 200 uM) for 24 hours, compared with the negative control (0.1% dimethyl sulfoxide [DMSO])
and the positive control (100 pM cisplatin). (A) Microscopic pictures. (B) Histogram of HSC4. (C) Histogram of SCC25.
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Fig. 4 Apoptotic effect of chrysin on oral squamous cell carcinoma (OSCC) cell lines in vitro using flow cytometry assay. HSC4 and SCC25 cells
were stained with annexin V and propidium iodide (PI). Both cells treated with two concentrations of chrysin (100 and 200 uM) for 24 hours,
compared with the negative control (0.1% dimethyl sulfoxide [DMSO]) and the positive control (100 uM cisplatin). (A, B) Flow cytometry gating.

Histogram of (C, D) total apoptosis, (E, F) early apoptosis, and (G, H) late apoptosis.
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concentrations increased cell viability in both OSCC cell lines
by more than 75%. Therefore, 100 and 200 pM concentrations
of chrysin were selected for further experiments due to their
low toxicity. Chrysin has been reported to suppress prolifer-
ative activity in various cancer cells.>1” Likewise, the find-
ings of this study revealed that chrysin has antiproliferative
effects against HSC4 and SCC25 cell lines at 100 and 200 uM
concentrations, the latter of which is superior.

OSCC has a highly invasive nature along with a high rate of
lymph node metastasis. Metastasis of cancer is a complex
process in which the primary tumor disseminates and travels
to distant organs, resulting in the growing tumor
within secondary sites.'® Cancer cells can spread by several
cellular processes, such as cell migration and cell invasion.'”

Cell migration refers to the ability of cells to move within
the extracellular matrix, and the process is recreated in
vitro as the wound healing assay.'>'8 At 100 and 200 pM
concentration, chrysin exhibited a significant antimigratory
effect on OSCC cell lines (HSC4 and SCC25), resulting in a
decrease of migrated areas compared with control within a
24-hour time interval. Moreover, the result shows that 200
M chrysin antimigration effects on both HSC4 and SCC25
cell lines are superior to the positive control (100 pM
cisplatin). Cell invasion refers to the ability of cells to invade
through the basement membrane. The process is recreated
in vitro by the transwell assay. The results have shown that
at 100 and 200 pM concentrations, chrysin has effectively
inhibited the cell invasion of both OSCC cell lines (HSC4 and
SCC25). Furthermore, the results revealed that the anti-
invasion effects of 200 uM chrysin on both HSC4 and SCC25
cell lines are comparable to the positive control (100 pM
cisplatin). Together, chrysin may be better or comparable to
cisplatin in its ability to inhibit OSCC invasion and
metastasis.

Several studies in different cancer cell lines found that
chrysin increased apoptosis.’~2* Furthermore, chrysin was
discovered to significantly induce both early and late apo-
ptosis in cervical cancer cells?> and prostate cancer cell
lines.?® According to our findings, chrysin has a greater
impact on early apoptosis. These findings support the idea
that chrysin primarily affects tumor growth by inducing
apoptosis via death receptors and/or activating proapoptotic
members of the B cell lymphoma 2 (Bcl-2) pathway.?”-?8

The limitations of the study were that all experiments
were conducted in vitro and on only two cell lines (HSC4 and
SCC25). To determine the clinical efficacy of chrysin on OSCC
cells, additional in vitro and in vivo studies on additional
OSCC cell lines are required. In addition, the precise mecha-
nism underlying chrysin’s antimigratory and anti-invasion
effects on OSCC cells should be investigated in greater detail.

Conclusion

The current study collectively characterized the critical role
of chrysin on OSCC cells, as it could inhibit their proliferation,
migration, and invasion abilities, while enhancing cell apo-
ptosis. And hence, 100 and 200 pM chrysin possessed the
potential to reduce the metastatic ability of OSCC. In partic-

European Journal of Dentistry © 2022. The Author(s).

ular, 200 uM chrysin has equivalent antimigratory and anti-
invasion effects compared with 100 uM cisplatin. And 200
1M of chrysin is better compared with 100 uM of chrysin for
antimigratory, anti-invasion, and antiproliferative applica-
tions. As a result, chrysin 200 pM can be used in conjunction
with current OSCC treatment. Our opinion is that chrysin
may be suggested for topical application in selected
circumstances.

Conflict of Interest
None declared.

Acknowledgments

We would like to express our gratitude to the Department
of Oral Biology, Faculty of Dentistry, Mahidol University,
for providing us with laboratory equipment and locations.
We would also like to thank Assist. Prof. Dr. Natchalee
Srimaneekarn for statistical analysis advice.

References

1 Johnson DE, Burtness B, Leemans CR, Lui VWY, Bauman ]JE,

Grandis JR. Head and neck squamous cell carcinoma. Nat Rev

Dis Primers 2020;6(01):92

Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020:

GLOBOCAN estimates of incidence and mortality worldwide for

36 cancers in 185 countries. CA Cancer ] Clin 2021;71(03):

209-249

Ringash ], Bernstein L], Devins G, et al. Head and neck cancer

survivorship: learning the needs, meeting the needs. Semin

Radiat Oncol 2018;28(01):64-74

Talebi M, Talebi M, Farkhondeh T, et al. An updated review on the

versatile role of chrysin in neurological diseases: chemistry,

pharmacology, and drug delivery approaches. Biomed Pharmac-

other 2021;141:111906

Siess M-H, Le Bon A-M, Canivenc-Lavier M-C, et al. Flavonoids of

honey and propolis: characterization and effects on hepatic drug-

metabolizing enzymes and benzo[a]pyrene — DNA binding in rats.

J Agri Food Chem 1996;44(08):2297-2301

6 Khoo BY, Chua SL, Balaram P. Apoptotic effects of chrysin in

human cancer cell lines. Int ] Mol Sci 2010;11(05):2188-2199

Kumar S, Pandey AK. Chemistry and biological activities of

flavonoids: an overview. Scientific World Journal 2013;2013:

162750

Celinska-Janowicz K, Zareba I, Lazarek U, et al. Constituents of

propolis: chrysin, caffeic acid, p-coumaric acid, and ferulic acid

induce PRODH/POX-dependent apoptosis in human tongue

squamous cell carcinoma cell (CAL-27). Front Pharmacol 2018;

9:336

9 Jiang L, Ji N, Zhou Y, et al. CAL 27 is an oral adenosquamous
carcinoma cell line. Oral Oncol 2009;45(11):e204-e207

10 Thanakappan P, Venkata NS, Amudala R, Botu M. Adenosquamous
carcinoma of oral cavity. ] Cancer Res Ther 2015;11(04):1034

11 Vajrabhaya LO, Korsuwannawong S, Surarit R. Cytotoxic and the
proliferative effect of cuttlefish bone on MC3T3-E1 osteoblast cell
line. Eur ] Dent 2017;11(04):503-507

12 Colombo M, Ceci M, Felisa E, Poggio C, Pietrocola G. Cytotoxicity
evaluation of a new ozonized olive oil. Eur ] Dent 2018;12(04):
585-589

13 Rujirachotiwat A, Suttamanatwong S. Curcumin promotes col-
lagen type I, keratinocyte growth factor-1, and epidermal
growth factor receptor expressions in the in vitro wound
healing model of human gingival fibroblasts. Eur J Dent
2021;15(01):63-70

N

w

N

6]

~

oo



15

18

20

21

Amir LR, Soeroso Y, Fatma D, et al. Periodontal ligament cell sheets
and RGD-modified chitosan improved regeneration in the hori-
zontal periodontal defect model. Eur ] Dent 2020;14(02):306-314
Momose F, Araida T, Negishi A, Ichijo H, Shioda S, Sasaki S. Variant
sublines with different metastatic potentials selected in nude
mice from human oral squamous cell carcinomas. J Oral Pathol
Med 1989;18(07):391-395

Bair EL, Massey CP, Tran NL, et al. Integrin- and cadherin-mediated
induction of the matrix metalloprotease matrilysin in cocultures
of malignant oral squamous cell carcinoma cells and dermal
fibroblasts. Exp Cell Res 2001;270(02):259-267

Moghadam ER, Ang HL, Asnaf SE, et al. Broad-spectrum preclinical
antitumor activity of chrysin: current trends and future perspec-
tives. Biomolecules 2020;10(10):E1374

Friedl P, Gilmour D. Collective cell migration in morphogenesis,
regeneration and cancer. Nat Rev Mol Cell Biol 2009;10(07):
445-457

Bravo-Cordero JJ, Hodgson L, Condeelis ]. Directed cell invasion and
migration during metastasis. Curr Opin Cell Biol 2012;24(02):277-283
Samarghandian S, Nezhad MA, Mohammadi G. Role of caspases,
Bax and Bcl-2 in chrysin-induced apoptosis in the A549 human
lung adenocarcinoma epithelial cells. Anticancer Agents Med
Chem 2014;14(06):901-909

Dong W, Chen A, Chao X, et al. Chrysin inhibits proinflammatory
factor-induced EMT phenotype and cancer stem cell-like features

Chrysin’s Effects on Oral SCC In Vitro

22

23

24

25

26

27

28

Puengsurin et al.

in HelLa cells by blocking the NF-kB/twist axis. Cell Physiol
Biochem 2019;52(05):1236-1250

Ryu S, Lim W, Bazer FW, Song G. Chrysin induces death of prostate
cancer cells by inducing ROS and ER stress. ] Cell Physiol 2017;232
(12):3786-3797

Xu Y, Tong Y, Ying ], et al. Chrysin induces cell growth arrest,
apoptosis, and ER stress and inhibits the activation of STAT3
through the generation of ROS in bladder cancer cells. Oncol Lett
2018;15(06):9117-9125

Zhong X, Liu D, Jiang Z, et al. Chrysin induced cell apoptosis
and inhibited invasion through regulation of TET1 expression
in gastric cancer cells. OncoTargets Ther 2020;13:3277-
3287

Raina R, Afroze N, Kedhari Sundaram M, et al. Chrysin inhibits
propagation of HeLa cells by attenuating cell survival and induc-
ing apoptotic pathways. Eur Rev Med Pharmacol Sci 2021;25(05):
2206-2220

Samarghandian S, Afshari JT, Davoodi S. Chrysin reduces prolifer-
ation and induces apoptosis in the human prostate cancer cell line
pc-3. Clinics (Sdo Paulo) 2011;66(06):1073-1079

Bin-Alee F, Arayataweegool A, Buranapraditkun S, et al. Evaluation
of lymphocyte apoptosis in patients with oral cancer. ] Appl Oral
Sci 2020;28:e20200124

Voss AK, Strasser A. The essentials of developmental apoptosis.
F1000Res. 2020;9. Doi: 10.12688/f1000research.21571.1

European Journal of Dentistry ~ Vol. 17 No. 3/2023 © 2022. The Author(s).

803



