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Abstract

Colorectal cancer (CRC) is one of the leading causes of cancer and cancer-related
deaths worldwide. Lactic acid bacteria (LAB) are bacteria that have potential activity
as an inhibitor of the growth of colorectal cancer, and also has been widely used and
was very useful for consumption. In our previous study, we isolated various LAB from
Indonesian traditional fermented food. This study aims to determine the potential of LAB
as an anticancer agent by determining the antioxidant activity and cytotoxicity assay of
colon cancer in the WiDr cell line. This study used extracellular extract of various LAB.
We use the Diphenylpicrylhydrazyl (DPPH) method to determine the antioxidant activity
and 3-(4,5'dimethylihiazol-2-yl),2.5-di-phenyl-relrrzolium bromid (MTT) assay to study
cytotoxicity activity. The viability cell staining also applied to detect unviable cells.
The results informed that the highest antioxidant activity was shown by S.34 LAB with
81% activity. The S.34 also showed cytotoxicity activity with 73% of WiDr viable cell at a
concentration of 200 pg/mL of LAB extract. Based on the results of the study, it can be
concluded that the S.34 LAB from Bekasam may inhibit the proliferation of WiDr cell lines
and It had the highest antioxidant activity comparing to other LAB samples.
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INTRODUCTION

An instant lifestyle for the community and
lack of exercise is one of the biggest factors causing
cancer (Bishehsari, ef al., 2014). One of the biggest
rapidly cancer in the world is colorectal cancer
(CRC). Based on WHO data in 2018, as the top
three cancer, colorectal cancer reached 1.8 million
cases with a 10.2% mortality rate (IARC, The
Global Cancer Observatory 2019). In Indonesia the
top three cancer are colorectal cancer, breast cancer
and cervical cancer (Harpa, 2018).
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Colorectal cancer refers to malignant tumors
that found in the colon and rectum. The colon and
rectum are part of the large intestine in the digestive
system which is also called the gastrointestinal
tract. Generally, the development of colorectal
cancer is an interaction between environmental
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and genetic factors. It is strongly associated with
weight gain, alcohol consumption, and the activity
of free radicals in the body (Tatuhey, et al., 2012).
Treatment of colorectal cancer can be performed
by surgery, chemotherapy, and adjuvant therapy.
However, these treatments have not been effective
in curing colorectal cancer and are very expensive
(Siregar, 2007). Therefore, an alternative treatment
is needed to inhibit the development of colorectal
cancer.

One of the potential treatment is using
probiotic bacteria. Lactic acid bacteria (LAB)
has some probiotic functions, such as adjusting
the balance of intestinal flora, reducing serum
cholesterol, inhibiting and reducing the risk of
tumors, and revitalizing the immune system
(Gupta, et al., 2018). LAB also can reduce
symptoms of lactose intolerance symptoms, reduce
constipation, eliminate inflammation, and prevent
development of colorectal cancer (Zhong, et al.,
2014). Lactobacillus has attracted a lot of attention
for its potential probiotic effects on human health.
Some lactobacilli have been shown that possessing
ant oxidative activity and can decrease the risk of
accumulation of reactive oxygen species during the
ingestion of food (Zhang, et al.,2011). Several types
of LAB that reported as anti colorectal cancer are L.
Sakei GM3 (Avaiyarasi, et al.,2016), L. Casei BL23
(Jacauton, et al., 2017), Pediococcus Acidilactici
(Villarante, et al., 2011) and L. Plantarum (Hu, et
al., 2015).

Mustopa and Fatimah (2014) reported
LAB isolates from Indonesian traditional food
using 16S rRNA. The isolates were S34, S31,
S12  Lactobacillus Plantarum (Bekasam); 2.12
Lactobacillus Casei (Goat milk); 1.13, R24,
R31, DHI Lactobacillus Fermentum (Curds); T8
Lactobacillus Plantarum (Sticky rice fermentation).
In this study, we determine the potential of the LAB
isolates as anticancer agents by determining the
antioxidant activity and cytotoxicity assay in WiDr
cell line.
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METHOD AND MATERIALS

Lactic Acid Bacteria Preparation

Lactic acid bacterial isolates used were S34,
S31, S12 (Lactobacillus Plantarum (Bekasam))
2.12 (Lactobacillus casei (goat’s milk), 1.13, R24,
R31, DH1 (Lactobacillus Fermentum (Curd)), T8
(Lactobacillus Plantarum (Tape sticky rice).

Sample Preparations

Pre-culture of LAB isolates were inoculated
asmuch as 5 pul on 5 mL De Man, Rogosa and Sarpe,
Himedia (MRS) media, incubated for 18-20 h. LAB
isolates were then harvested (transferred to a 15 mL
conical tube) and centrifuged at a speed of 10,000
rpm for 30 minutes. The supernatant is separated
with pellets. Furthermore, the freeze-drying process
is carried out by freezing the supernatant as much as
2 mL at -80°C for 30 minutes and then drying it with
a freeze dryer at -55°C for 2 days. The freeze- dried
sample was then dissolved with 10% Dimethyl
sulfoxide (DMSO) (Applichem, Gatersleben,
Germany) with a final concentration of 10 mg/mL.
For the 3-(4,5’dimethylihiazol-2-yl),2.5-di-phenyl-
relrrzolium bromid (MTT) assay, the extracted
sample were dissolved in complete media (RPMI,
Sigma St. Louis, Missouri, USA ) with the addition
of' 10% Fetal Bovine Serum (FBS) (Sigma, St. Louis,
Missouri, USA) and 1% Penicillin-Streptomycin
supplements (Invitrogen, Carlsbad, California,
USA) into several concentrations, namely 25 pg/
mL, 50 ug/mL, 100 ug/mL, and 200 pg/mL.

The LAB isolates was grown in 20 mL of
liquid MRS media and incubated for 24-48 h at
37°C. After incubation, the LAB isolates were then
harvested (transferred to 50 mL tube centrifuge)
and centrifuged at 6000 g for 10 minutes and the
supernatant was stored at -20°C for later use.

Antioxidant Assay

Twenty microliters of LAB supernatant
were added into 96 well-plates with three
replications. Diphenylpicrylhydrazyl (DPPH) (0.1
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mM DPPH in methanol) was then added as much as
180 pL followed by incubation at room temperature
under dark conditions for 30 minutes (Singh, et al.
2016). The absorbance of the sample was measured
with a 540 nm ELISA reader. Data analysis was
performed using the One-Way ANOVA test with a
level of significant 0.05.

Cell Culture and Reagent

WiDr human colon cancer cells (from
mammalian cell culture laboratory, Indonesian
Institutes of Sciences (LIPI), Indonesia) were
thawed and washed with 9 mL of RPMI (Sigma)
media containing penicillin (100 units/mL) and
streptomycin (100 mg/mL) (Invitrogen). Cells
were grown in the same media containing 10%
FBS (Sigma) at 37°C and 5% CO,. After 90% of
confluency, the cells were washed with phosphate
buffer saline (pH 7.4, Invitrogen) and detached with
500 pL of triple express (-) non-phenol (Gibco, New
York, USA) at 37°C for 3 minutes. The cells were
divided and treated using four final concentration
(25 pg/mL, 50 pg/mL, 100 pg/mL and 200 pg/mL)
of nines extract of LAB samples (S34, S31, S12,
2.12,1.13, R24, R31, DH1, T8).

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) Assay

WiDr human colon cancer cells were seeded
at a density of 1x10° in 10 cm cell dish to 15x10°
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cells/well. For the further assay, after confluences
cells were seeded at a density of 1 x10* cells/well.
Each of 1 x 10* cells/well was seeded onto a 96-well
plate and incubated for 48 h in a CO, incubator.
Following incubation, culture media was discarded,
and MTT (Invitrogen) was added at a concentration
of 0.5 pg/uL. Cells were then incubated for 3 h
and the medium was discarded. Formazan crystals
formed at the bottom of the well were dissolved
in 100 pL of SDS 10%. The cells were incubated
overnight. The reaction was stopped by 0.01 M
HCI and dissolved formazan was measured at 540
nm. The experiments were done in triplicates in
three dependent experiments. Absorbance values
were converted to the percentage of cell viability
according to One-Way ANOVA with a significant
level of 0.05.

Viabilty Staining

Cell staining was performed as a previous
study by Ningrum, et. al., (2015). Treated cells
in 24 well plates were washed twice with 1 mL
of PBS (Invitrogen) and stained with 500 uL of 2
UM calcein AM and 4 uM ethidium bromide (Life
Technology). The cells were incubated at room
temperature for 45 minutes and observed under a
fluorescence microscope at 485 nm of excitation
wavelength. The experiments were done in
triplicates in three dependent experiments.

Tabel 1. Results of the LAB extract antioxidant activity assay.

Extract Lactic Acid

Incubation Time

Bacteria Sample
(Ekstraseluler)

24 h 48 h

T8
S31
R24
R31
SI2
1.13
S34
DHI
2.12
Vitamin C
Media

72%%0,01 3
70%%0,003
52%+0,008-
69%+0,00 | 2>
80%+0,0| 42>
63%+0,0082>
81%+0,01 320
72%%0,01 52
70%%0,004b
87%%0,002>
63%10,0002

71%+0,0042b
71%+0,0072b
53%%0,01 I
63%%0,0082>
72%+0,00 | b
77%%0,0082
63%+0,01 32>
73%+0,01 320
56%+0,00820
87%%0,002>
63%%0,0002

Description: The figure followed by the same letter in the same column showed no significant difference in

the one-way ANOVA test with a level of significant 0.05.

30



Indonesian Journal of Cancer Chemoprevention, February 2021

ISSN: 2088-0197
e-ISSN: 2355-8989

RESULTS

Antioxidant Activity

Antioxidant assay for extracellular
extract of LAB within 24 h and 48 h incubation is
obtained extracellular extract data showed LAB
T8, S31, R31, S12, 1.13, S34, DH1 and 2.12 were
significantly different from negative control of
media and vitamin C (Tabel. 1). This indicated
that extracellular extracts of LAB had antioxidant
activity against radical DPPH with a 24 and 48 h
incubation period. The highest antioxidant activity
of LAB extracellular extract in 24 h was 81% for
LAB S34 (L. Plantarum from Bekasam) with 24 h

Figure 1. WiDr cells.

incubation time. Previous study reported that the
antioxidant activity of extracellular extract of L.
Plantarum LAB was above 80.0% (Hasim, et al.
2017).

The results of the antioxidant assay with 48
h incubation time from extracellular extracts of LAB
T8, S31, R31, S12, 1.13, S34, DH1, and 2.12 were
significantly different from the negative control of
media and vitamin C. This result that the LAB has
antioxidant activity against free radicals DPPH.
Extract LAB of 1.13 had the highest antioxidant
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activity of 77% while the LAB R24 had the lowest
activity, namely R24 53%. Based on the cross-test
results with a level of significant 0.05, it showed that
there was no significant difference in the incubation
treatment of the number of antioxidant compounds
produced by extracellular extracts of LAB T8, S31,
R31, S12,1.13, S34, DH1, and 2.12.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) Assay

WiDr is a colorectal adenocarcinoma cell
lines. It is epithelial and adherent cells that can be
used as colorectal cancer model (Figure 1). We
study the possibility of cytotoxic activity of nines
extract LAB samples (S34, S31, S12, 2.12, 1.13,
R24, R31, DH1, T8) in four various concentration
(25 pg/mL, 50 pg/mL, 100 pg/mL and 200 pg/mL).
MTT assay was chosen due to its advantages as
rapid and highly reproducible method.

The one-way ANOVA calculation results
with a significant level of 0.05 showed that
the results of the cytotoxicity as follows: at a
concentration of 25 pg/mL extract S31 had the
highest cytotoxicity activity, at a concentration of
50 pg/mL extract 2.12 has the highest cytotoxicity
activity, at a concentration of 100 pg/ 2.12 and S34
extracts had the highest cytotoxicity activity and at
a concentration of 100 pg/mL (Table 2). This means
that each LAB can reduce the viability of WiDr
colon cancer cells at each concentration by 88%,
86%, 79%, and 73% and inhibits the viability of
WiDr colon cancer cells by up to 12%, 14%, 21%,
and 27%. The result showed in cytotoxicity assay
that the highest value at each concentration was
not significantly different from the positive control
tamoxifen. Where the viability of colon cancer cells
in tamoxifen positive control was 87% and inhibited
the growth of colon cancer cells by 13%. Kim et
al., (2008) reported that LAB at a concentration of
200 pg/mL was able to inhibit the growth of Caco-
2 colon cancer cells by 36%, LAB L. Plantarum
inhibited the growth of cancer cells by up to 50% at
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Tabel 2. Viability of WiDr cells after cytotoxin assay with extract LAB.

Extract Lactic Concentration I1Cso
Acid Bacteria 25 pg/mL 50 ug/mL 100 pg/mL 200 pg/mL (ppm)
Sample

(Ekstraseluler)
T8 111%+0.164> 97%+0.0873b 85%+0.079= 82%+0.041= 1519.6
Si2 114%+0.188b 104%+0.028> 91%%0.0592 81%+0.064= 1329.4
R24 100%+0.0472>  96%+0.0262> 90%+0.0562 81%+0.061= 6155.7
R31 105%+0.075  90%=0.068> 87%+0.054= 81%+0.0762 3365.8
S31 88%+0.00852 93%0.1052b 87%+0.0822 82%=0.110= 194804 |
1.13 108%+0.0352>  89%+0.040:0 88%+0.0362 78%+0.1 122 1634.6
DHI 92%%0.010> 87%%0.0542 81%+0.099: 82%+0.097= 5795.8
S34 99%+0.08620 89%%0.0952 79%%0.1262 73%+0.1002 1077.1
2.12 105%+0.06920 86%10.0732 79%%0.107> 74%+0.1192 899.1

Tamoxifen 87%%0.0552

Description: The figure followed by the same letter in the same column showed no significant difference in the

one-way ANOVA test with a level of significant 0.05.

a concentration of 500 pl/mL against colon cancer
cells CaCo-2 (ER et al., 2015) and L. Plantarum A7
inhibits cell growth by up to 54% at a concentration
of 2500 pg/mL against colon cancer cells HT-29
(Aliabadi, 2014).

Viability Staining

The results of viability staining of WiDr
colon cancer cells that have been tested for cyto-
toxicity with fluorescent dye can be seen in Figure
2. We chose the 1.13, S34 and 2.12 to be moni-
tored. The extract caused apoptosis in wiDr cell
lines. There are two parameters of viable cells,
intracellular esterase activity and plasma mem-
brane integrity. We used Calcein AM and Ethidium
Bromide III as fluorescent agent of cell staining.
Calcein AM is a non-fluorescent cell-permeant
that can be enzymatically converted into intensely
fluorescent calcein. The polyanionic dye calcein is
retained within the living cells producing green
fluorescence. Ethidium bromide III is excluded by
the intact plasma membrane of live cells and is
40% brighter than Ethidium bromide I (Ningrum
et al.,2015).

DISSCUSSION

Antioxidant activity is a mechanism pos-
sessed by antioxidant compounds to delay, inhibit,
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and prevent the oxidation process of fat so that it
can protect cells from oxidative damage by free
radicals such as singlet oxygen, superoxide,
peroxyl radicals, hydroxyl radical, and peroxynitrite
(Zhang et al., 2011 ). The reaction between DPPH
and antioxidant compounds occurs due to dehydro-
genation of antioxidant molecules so that DPPH
changes to DPPHn where n shows the number of H
atoms received by DPPH from antioxidants, DPPH
will be purple and DPPHn has a color that decreases
in concentration closer to yellow (Nenadis and Tsi-
midou, 2010).

Based on the cross-test results with a level
of significant 0.05, it was showed that there is no
significant difference in the incubation time and
treatments of the antioxidant compounds produced
by extracellular extracts of LAB T8, S31, R31, S12,
1.13, S34, DH1 and 2.12, The antioxidant com-
pounds that play a role in antioxidant activity can
be acid compounds produced by LAB. The anti-
oxidants produced by L. Plantarum, namely L-3-
(4-hydroxyphenyl) lactic acid (HPLA) and L-in-
dol-3-lactic acid (Suzuki, et al., 2013; Guo, et al.,
2013).

Antioxidant activity in LAB is due to the
presence of peptides produced from extracellular
extracts (Pihlanto, et al., 2006). The antioxidant
compounds produced in the extracellular extract of
LAB can be in the form of the breakdown of pro-
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Figure 2. Viability staining of WiDr cells (100x magnification). (a) Cell control; (b) WiDr cells with treated
extracellular extract LAB for 2.12; (c) WiDr cells with treated extracellular extract LAB for S34; (d) WiDr
Cells with treated extracellular extract LAB for 1.13. Green: life cell; Red: dead cell.

teins from cellular products secreted by bacteria
with the highest antioxidant activity found in the
supernatant of LAB. Antioxidant activity in LAB
is due to the presence of peptides produced from
extracellular extracts (Pihlanto, et al., 2006). The
antioxidant compounds produced in the extracellu-
lar extract of LAB can be in the form of the break-
down of proteins from cellular products secreted by
bacteria. Peptides that have biological activity can
be produced through enzymatic hydrolysis and fer-
mentation (Shahidi and Zhong, 2008). The fermen-
tation of LAB produces peptides with sizes below
3000 Da which play a role in free radical binding
activity (Pihlanto, ef al., 2006). Peptide size can be
associated with accessibility to a larger antioxidant
assay system for small peptides and amino acids
than for large peptides and proteins (intracellular)
because larger peptides are difficult to dissolve in
test solvents such as methanol which is used in the
DPPH antioxidant assay.

WiDr colon cancer cells are unique in their
gene arrangement. The advantages of WiDr cells as
a research model are that they have an efficiency of
up to 100% in the process of tumor cell prolifera-
tion, are easy to culture, a short doubling-time of
15 h, and a high plating efficiency of 51%. In this

study, we used WiDr cells with 80% confluence,
where cells have grown on almost all dish surfaces.
According to Ruutu, ef al. (2004), when the cell has
more than 80-85% confluent and the cell fills all the
walls of the dish, it can trigger intracellular mecha-
nisms that affect protein synthesis and degradation
and change the expression of certain genes in cells
through contact inhibition. Contact inhibition is a
process of restraining cell growth when cells come
into contact with each other, as a result, normal cells
will stop growing when forming a monolayer in a
dish (Seluanov, et al., 2009), so this study refers to
previous studies regarding the number of cells used.
The number of cells used for this cytotoxicity test
is 1x10* cells per well in 96 well plates, therefore at
least the cells must reach 80% confluence.
Cytotoxicity assay used to select the var-
ious isolate that has potential as anticancer agents
based on the ability of cells to survive due to the
presence of toxic compounds. The ability of cells
to survive can be interpreted as not loss of cell pro-
liferation and can be measured by increasing cell
numbers, increasing the number of proteins, or syn-
thesized DNA (Dhanalakshmi, et al., 2016). The
MTT assay is based on the ability to viability cells
to reduce MTT salts that are yellow and dissolve
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into purple formazan salts (Kusuma, et al., 2010).
The formazan crystal purple color is read by absor-
bance using an ELISA reader. Formazan crystals
formed are proportional to the number of living
cells.

The best cytotoxicity activity was from
the LAB S34 extract at a concentration of 200 ng/
mL which was able to inhibit the viability of colon
cancer cells with 73% of viable cells. Inhibition of
WiDr colon cancer cell viability can be caused by
apoptosis (death). Extracellular extract of LAB has
high cytotoxicity activity and able to inhibit the
viability of WiDr colon cancer cells. Based on re-
search conducted by Kahouli, et al. (2013) that ex-
tracellular extracts of LAB have a preventive effect
on cancer cells due to the effects of organic acids
and exopolysaccharide roles namely rEPS (released
exopolysaccharides) and cbEPS (cell bound exo-
polysaccharides). Anticancer activity was found
in peptidoglycan produced by L. casei, polysac-
charides and glycoproteins found in the Lac-
tobacillus culture supernatant. LAB has a mech-
anism to inhibit the growth of colon cancer cells,
namely suppressing development
and boosting the immune system, suppressing
procarcinogenic enzyme activity and eliminating
mutagenic compounds, and inducing the produc-
tion of cytokines such as TNF-o (Tumor Necrosis
Factor) (Kim, ef al., 2008). Some LABs such as L.
rhamnosus (ATCC53103), L. plantarum (VTT),
Lactococcus lactis (ARH74), and Bifidobacterium
animalis in a live state have the potential to induce
the production of TNF-a and interleukin-6 (IL-6).
TNF-a is a cytokine produced by macrophages and
is responsible for various signaling events in cells
that lead to necrosis or apoptosis and is also im-
portant for resistance to infection and cancer (Idriss
and Naismisth, 2000).

tumor cell

CONCLUSION

The S34 L. Plantarum extracellular extract
has potential use as an anticancer agent with high
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antioxidant activity. Additional assay should be
performed to determine the anticancer activity.
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overexpression of ERB can reduce proliferation in
cancer cells (Strom, et al., 2004; Hartman, et al.,
2009; Nilsson, et al., 2011). This research focuses
on estrogen receptor beta agonists because it has the
potential as an antitumor therapy agent by activating
beta subtypes and preventing proliferative effects
on cancer. Ligands that are included as estrogen
receptor beta-agonists that have the potential activity
to inhibit the proliferation of glioma cells are DPN
(Diarylpropionitrile), MFF101, Liquiri-tigenin, and
LY500307 (comparison drug (Erteberel)) (Sareddy,
et al., 2012; Sareddy and Vadlamudi, 2015).
Erteberel is one of the agonists ERf that has high
potential in reducing glioma cell proliferation and
it can penetrate the blood-brain barrier (Sareddy, ef
al.,2016). The discovery of a specific agonists ER]
provided naturally has opened the development of
new therapies through the estrogen receptor beta to
prolong survival in cancer patients (Sareddy and
Vadlamudi, 2015).

Based on the research by Sareddy, et al.
(2012) show that ERB pathway activation is a
potential therapeutic target for glioma because
ERP agonists are under clinical trials and are well
tolerated with fewer side effects. The use of ERf
as a therapeutic agent can be extended to clinical
use and is predicted to be a new class of drugs
for treating glioma. Future studies examining the
mechanism of ERp in cancer progression will be
useful for maximizing treatment using ER[} natural
ligands (Sareddy and Vadlamudi, 2015). The
purpose of this study was to determine the activity
of Heliannuols on estrogen receptor beta and the
lack of information on estrogen receptor beta-
agonists as therapeutic agents in cancer patients,
encouraging researchers to compile this study.

MATERIALS AND METHODS

Software

This research uses Chem Bio Draw Ultra
12.0 application, Avogadro, pkCSM online tool,
Protox II online tool (accessed on January 2020),
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and Molegro Virtual Docker 6 (Lisensi expires on:
January 01, 2099).

Target and Template Selection

The target of this research is the estrogen
receptor beta 210G from Protein Data Bank (https://
www.rcsb.org). The test compounds of this research
are Heliannuol A, B, C, D, and E where the SMILES
code from Chem Bio Draw 12.0 and the Erteberel
SMILES code from PubChem.

Prediction of Physicochemical,
Pharmacokinetic, and Toxicity Properties

Prediction of physicochemical properties
using the pkCSM online tool and the Protox II
online tool by entering the SMILES code of the
compound. The prediction of physicochemical
properties is based on Lipinski’s rules and the
ability of compounds to penetrate the brain
barrier membrane. Lipinski’s rules use to evaluate
compounds that have pharmacological activity with
predictable physical and chemical properties as
drug candidates for humans. While the prediction
of pharmacokinetic properties using the online
pkCSM tool is based on the absorption, distribution,
metabolism, and excretion parameters. Toxicity
prediction using the pkCSM online tool and the
Protox II online tool based on several parameters
and toxicity classes according to the Globally
Harmonized System (GHS).

Molecular Docking

Molecular docking using Molegro Virtual
Docker 6.0 to know the interaction between the
test compound and the receptor. 2D structures of
Heliannuol A, B, C, D, and E were drawn using
Chem Draw Ultra 12.0 and to know the SMILES
code of the test compounds then 3D structures were
made using Avogadro and energy minimization
was performed. Validation of molecular docking
ERB (210G) using Molegro Virtual Docker 6.0 and
a docking simulation process was also performed.
Validation of molecular docking result is the Root
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Mean Square Deviation (RMSD), the docking
simulation process can be run if the RMSD value
was less than 2A. The parameters used in docking
simulation include rerank score, bond distance, and
type of interaction.

RESULTS

Prediction of Physicochemical Properties
and Toxicity

Prediction of physicochemical properties
using Lipinski rules of five with several parameters
includes molecular weight, the partition coefficient
of octanol/water (log P), Hydrogen Bond Donors
(HBD), and Hydrogen Bond Acceptors (HBA).
Topological Polar Surface Area (TPSA) also a
parameter to determine compound can penctrate
the brain barrier membrane (Kelder, ef al., 1999).
The physicochemical test was used to predict that
the compound has good permeability, high absorp-
tion, and can penetrate the blood-brain barrier. The
results of physicochemical properties, the ability
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of compounds to penetrate the brain barrier mem-
brane, and toxicity are shown in Table 1.

The results of physicochemical prediction
show that all compounds comply with Lipinski
rules, it can be predicted that all compound easy to
absorption and has good permeability. The result
of TPSA showed that all compounds have a TPSA
value of less than 80, it can be predicted that all
compounds could penetrate the brain barrier mem-
brane (Hughes, 2008). Heliannuol A, B, and C are
in toxicity class 4 with Lethal Dose (LD, ) 300-2000
mg/kg. Heliannuol D and Erteberel are in toxicity
class 5 with LD, 2000-5000 mg/kg. Heliannuol A,
B, C, D, E, and Erteberel were predicted to be non-
toxic in the AMES Mutagenic test, not toxic in the
Hepatotoxicity test, and did not cause skin irritation
in the Skin Sensitization test.

Prediction of Pharmacokinetic Properties
Prediction of pharmacokinetic properties

is based on the prediction of absorption, distribu-

tion, metabolism, and excretion (ADME) using the

Table 1. Prediction of physicochemical and toxicity.

Physicochemical Properties Toxicity Lipinski
Compound AMES Skin Class of Rules of
Mw* Log P* HBA* HBD* Torsion* TPSA*®* Hepatotoxicity* .

Mutagenic* Sensitization® Toxicity™* Five
Heliannuol A 250338 3.11622 3 2 0 49.69 No No No 860 4 Yes
Heliannuol B 248322 2.8922 3 2 | 49.69 No No No 482 4 Yes
Heliannuol C 248322 2.89222 3 2 | 49.69 No No No 500 4 Yes
Heliannuof D 250338 3.1162 3 2 | 49.69 No No No 2148 5 Yes
Heliannuol E 248322 2.89222 3 2 2 49.69 No No No 500 4 Yes
Erteberel 282339 4.1152 3 2 | 49.69 No No No 5000 5 Yes

Description: *pkCSM online tool; **Protox Il online tool.

pkCSM online tool. The results of the prediction of
pharmacokinetic properties are shown in Table 2.
The result from the prediction of phar-
macokinetic properties shows ADME of the com-
pound, in this research shows that all compound
is predicted to have good intestinal absorption
with the value is more than 80% (Chander, ef al.,
2017). According to the pkCSM online tool page

website (http://biosig.uni-melb.edu.au/pkcsm/the-
ory), the compound has a high skin permeability if
the Log value of Kp>-2.5 cm/h, and all compound
are predicted have high skin permeability. Caco2
permeability is good if the Papp value>0.90 cm/s
and all compounds are predicted to have good per-
meability. Heliannuol C and E do not include as
Pgp substrates, then they are not predicted to be
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Table 2. Prediction of pharmacokinetic properties.

Result
Prediction Category
Heliannuol A Heliannuol B Heliannuol C Heliannuol D Heliannuol E Erteberel
Absorption in - . "
. : 90.904 91.276 91.826 90.8 91.759 93.474
intestine (%)
Skin Permeability . o
-3.243 -3.192 -3.285 -3.159 -3.35 -2.751
(Log Kp cm/h)
c Caco-2
2 Permeability(Log 1.283* 1.3 1.242 13127 1.248 1.248
g- Ppap in 10°¢ cm/s)
2 P-glycoprotein
g gycop Yes Yes No** Yes No** Yes
substrate
P-gl tein |
glycoprotein No No No No No No
inhibitor
P-gl tein Il
glycoprotemn No No No No No No
inhibitor
Vdss (Log L/kg) 0.092 0.156 0.082 0.166™ 0.135% 0.378"
BBB Permeabili
5 v 0.295" -0.024 0.233* -0.023 0.221 -0.062
'g (Log BB)
a
5
2
] .
CNS Permeability . "
-2.769 -2.793 -1.942 -2.787 -2.042 -1.745
(Log PS)

CYP2Dé6 substrate No No No No No No
€ CYP3A4 substrate No No No No No Yes**
2 CYPIA2 inhibitor No No No No No Yes*™
o
5 CYP2C19 inhibitor No No No No No Yes™
g CYP2C9 inhibitor No No No No No Yes™

CYP2Dé6 inhibitor No No No No No No

CYP3A4 inhibitor No No No No No Yes**

Total Clearance
s ) 0.947 1.009* 1.085" 0.946 1.08™ 0.005
g (Log ml/min/kg)
S Renal OCT2
&5 No No No No No No
substrate

Description: Vdss (Volume of Distribution at Steady State); BBB (Blood Brain Barrier); CNS (Central Nervous Sys-
tem); CYP2D6 (Cytochrome P2D); CYP3A4 (Cytochrome 3A4); CYP1A2 (Cytochrome 1A2); CYP2C19 (Cyto-
chrome 2C19); CYP2C9 (Cytochrome 2C9); Renal OCT2 (Renal Organic Cation Transporter 2). *The highest
value of comparative drugs; **The highest value of the first test compound; +The second highest value of

the test compound; ++Different result from other.

removed from the target cell (Chakraborty and Ra-
makrishnan, 2016). Heliannuol A, B, C, D, E, and
Erteberel are not included as Pgp I and II  inhibi-
tors, it predicts that the compound did not inhibit
the work of the Pgp substrate (Robert and Jarry,
2003). The distribution volume of the compound
is declared low if the Log Vdss value <-0.15 and
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high if the Log Vdss value >0.45, all compound
has good distribution volume. Compounds with
log BB>0.3 can penetrate the brain barrier mem-
brane while compounds with log BB<-1 cannot be
well distributed in the brain. Compounds with Log
PS>-2 are considered to be able to penetrate CNS
while Log PS<-3 are considered unable to pene-
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Table 3. Validation of molecular docking.

RMSD (A) Average*SD (A)
Receptor —— —— —
Replication | Replication Il Replication Il
210G (A) 0.4429 0.7535 0.7794 0.6586+0.1872
210G (B) 0.5947 0.8566 0.8296 0.7603+0.1440

trate CNS. All compound is predicted to pene-
trate the brain barrier and central nervous system.
Heliannuol A, B, C, D, E are predicted not to be
part of the CYP substrate or inhibitor then the com-
pound is predicted to be metabolized without the
help of cytochrome enzymes and does not inhibit
the work of CYP 450. Whereas Erteberel is pre-
dicted to include CYP3A4 substrate and inhibitors
of CYP1A2, CYP2C19, CYP2C9, CYP2C9, and
CYP3AA4. Heliannuol C is predicted to have a faster
excretion process than other compounds because
if the CLTOT value is higher then the excretion is
faster (Hardjono, et al., 2018). Heliannuol A, B, C,
D, E, and Erteberel are predicted to not include Or-
ganic Cation Transporter 2 (OCT2) substrate then
the compound is predicted to be excreted without
OCT2 substrate, OCT plays an important role in
cationic drugs (Koepsell, 2015).

Validation of Molecular Docking System

RMSD is a parameter for receptor valida-
tion. The validation of molecular docking process
is carried out by docking between the native ligand
and the receptor, if the results obtained are less than
2, it can be predicted that poses receptor with the
native ligand is valid (Ruswanto, 2015). Validation
of molecular docking result are shown in Table 3.

Validation of molecular docking result in
table 3 show that the receptor has two ligands and
the 210G(A) ligand has a smaller RMSD value than
the 210G(B) ligand.

Docking Molecular and Interaction of Amino
Acid

The docking simulation process uses
several parameters including the MolDock
Score, Rerank Score, and H bond. The results of

Figure 1. Interaction of amino acids between (a) Heliannuol A, (b) Heliannuol B, (c) Heliannuol C, (d)
Heliannuol D, (e) Heliannuol E, (f) Erteberel on ERB with red color as steric bond and blue color as

hydrogen bond.
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Table 4. Interaction of amino acid and rerank score.

Hidrogen Bond and

Steric Bond and Rerank Score

Compound Distance (A) Distance (A) (kcal/mol)
Heliannuol A - Leu 339 (3.09)* -69.988
Gly 472 (2.61)
Heliannuol B His 475 (3.32)* - -72.313
Leu 298 (2.79)
Arg 346 (2.70)*
wan oD
Heliannuol C Val 280 (3.10) . ) -78.532
Phe 356 (2.98) His 279 (2,99)
Ala 357 (3.15)
Glu 305 (2,93)*
Gly 472 (2.60)
Heliannuol D His 475 (3.18)* - -70.814
Leu 298 (2.84)
Heliannuol E 9{_:320959((25.6'0'); Val 487 (3.12) -80.245
His 475 (2.69)*
Gly 472 (3.37)
Erteberel Leu 339 (3.10) Glu 305 (2.99)* -97.857

Arg 346 (2.82)*
Glu 305 (3.29)*

Description: *Amino Acid of Heliannuols that same with Erteberel.

molecular docking are showed by the interaction of
amino acids and rerank scores are shown in Figure
1 and Table 4.

In Figure 1 and Table 4 are show that
Heliannuol A has a steric bond with the amino acid
Leu 339, Heliannuol B has a hydrogen bond Gly
472, Leu 298, His 475, Heliannuol C has a hydro-
gen bond Lys 401, Val 280, Phe 356, and a steric
bond Arg 346, Pro 358, Pro 277, His 279, Ala 357,
Glu 305. Heliannuo! D has hydrogen bonds Gly
472, His 475, Leu 298, Heliannuol E has hydro-
gen bonds Glu 305, Thr 299, and steric bonds Val
487. Whereas Erteberel has bonds hydrogen His
475, Gly 472, Leu 339, Arg 346, Glu 305 and steric
bonds Glu 305.

DISCUSSION

The purpose of this research was to predict
interactions, toxicity, and physicochemical proper-
ties of Heliannuol A, B, C, D, and E compounds
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using in silico study as anticancer. Prediction of
physicochemical properties and toxicity is obtained
by submitting the compound SMILES code into
the pkCSM online tool and the ability to pene-
trate the brain barrier is obtained from the Protox
II online tool. Heliannuol A, B, C, D, and E can be
predicted easily absorbed and have good perme-
ability because have a molecular weight less than
500, log P values are less than 5, HBD expressed
by the number of OH groups and NH is less than
5, and HBA which is expressed with some O and
N atoms less than 10 (Lipinski, et al., 2001). All
compounds have a TPSA value less than 80A, it
can be predicted that the compound can penetrate
the brain barrier membrane (Hughes, 2008). He-
liannuol A, B, and C are in toxicity class 4 which
means fatal if ingested with LD,  300-2000 mg/kg.
Heliannuol D and Erteberel are in toxicity class 5
which means it might be dangerous if swallowed
with LD, 2000-5000 mg/kg (EI-Din, et al., 2016).
All compounds also were predicted to be non-toxic
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in the AMES Mutagenic test, not toxic in the liver,
and did not cause skin irritation. Pharmacokinetic
properties are used to determine the absorp-
tion, distribution, metabolism, and excretion of
the test compound. The result of pharmacokinetic
shows that Heliannuols have high absorption and
can penetrate the brain barrier membrane where
these compounds are expected as therapy in glioma
patients. Besides, Heliannuol C and E are not in-
cluded in the Pgp substrate then these compounds
are predicted not to be removed from the cell and
are expected to increase the therapeutic effect of the
compound. This prediction is expected to be used as
an additional prediction regarding the effects of the
compound in the body before proceeding to the in
vivo and in vitro tests.

This research shows that the receptor has
two active sides that bind with the native ligand is
2I0G(A) and 210G(B). Ligand 2I10G(A) has a smaller
RMSD value than 210G(B), it can be predicted that
the active side of the receptor for the docking simu-
lation is 2I0G(A). The docking process can be per-
formed if the receptor has RMSD value <2 and the
RMSD value from ligand 210G(A) is 0.6586A. Pre-
diction of molecular docking between Heliannuol
A, B, C, D, and E with estrogen receptors  (ERp)
show that Heliannuol E has the lowest energy with
a rerank score of -69.988 kcal/mol and predicted to
have the most stable bond among other Heliannuols
and predicted have the greatest activity. And if the
result of the rerank score (the value of bond energy)
is lower (more negative), the bond between the
ligand and receptor is more stable, and the more
stable bond between the ligand and receptor than
the activity is high (Hardjono, 2012).

The result of amino acid interaction from
this research includes hydrogen and steric bond.
Heliannuols have the same several amino acids with
an amino acid of the Erteberel by hydrogen bonds.
Hydrogen bonds are non-covalent bonds that play
a role in the biological activity produced (Much-
taridi, et al., 2018; Wijaya, et al., 2003). Erteberel
bind to amino acid His 475, Glu 305, and Arg 346
with hydrogen bonds, a compound that binds with
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that amino acid can be classified as an ERP ago-
nist. Estrogen receptor beta agonist bind to amino
acid Glu 305, Arg 346, His 475 (Meegan and Lloyd,
2003). Heliannuols have the same amino acid with
an amino acid of the Erteberel by hydrogen bond,
but Heliannuol A doesn’t bind to amino acid His
475, Glu 305, and Arg 346. From the result of this
study, it can be predicted that Heliannuol B, C, D, E
have the same function with the Erteberel as
an ERP agonist. Prediction of physicochemical,
pharmacokinetic, and toxicity from Heliannuols
are predicted to have high absorption, good per-
meability, can penetrate the blood-brain barrier, and
toxicity in classes 4 and 5. The docking result of
Heliannuols is not good than the Erteberel because
Erteberel still has the lowest rerank score than
Heliannuols.

CONCLUSION

The conclusion from the research shows
that Heliannuols have the same amino acid
with the Erteberel, then can be predicted that
Heliannuols have the same effect on estrogen
receptor beta. When looked at its physicochemi-
cal, pharmacokinetics, and toxicity, Heliannuols
has high absorption, can penetrate the brain barrier
membrane, has good permeability and toxicity is in
grades 4 and 5. However, the rerank score of Erte-
berel is still lower than Heliannuols. And for further
research, it is recommended that Heliannuols be
tested on other receptors to produce a lower rerank
score of test compound than comparison compound.
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Abstract

Breast cancer is the most common type of cancer causing mortality for women due
to metastasis. More than 50% of breast cancer patients are suffered lung metastases. One
strategy to target the cancerous cell is Boron Neutron Captured Therapy (BNCT) which
showed high affinity toward cancer cells and reported to have anti-proliferative as well as
anti-metastatic activities. Pentagamaboronon-0 (PGB-0) is a curcumin analogue substance
which had reported to exert anticancer activities against Her-2 expressing as well as triple
negative breast cancer cells. Despite its great potency as BNCT agent candidate, this
compound also exerted several anticancer properties. Complex formation of this substance
with sorbitol was achieved to improve the solubility and maximize compound’s delivery to
the target cells. This study aimed to investigate the ability of Pentagamaboronon-0-Sorbitol
(PGB-0-So0) to modulate cell cycle and induce apoptosis especially through the mechanisms
of reactive oxygen species (ROS) modulation. The 3-(4,5-dimethylthiazzol-2yl)-2,5-
diphenyltetrazolium (MTT) cytotoxicity assay of PGB-0-So against 4T1 breast cancer cell line
were found to exert potential effect in dose-dependent manner with lethal concentration
(IC,,) values of 39 pM. The cytotoxicity of PGB-0-So complex was found to be increased
considerably compared with that of PGB-0. Cell cycle modulation identified using propidium
iodide (PI) staining showed cell accumulation in S phase following treatment with PGB-0-So.
Apoptosis induction assay analyzed using flowcytometer with Annexin V and PI staining on
its IC,, dose was found to induce programmed cell death (apoptosis). The sub-IC, treatment
of this compound was also improved the cellular ROS level which also took role in apoptosis
induction. These findings suggest that PGB-0-So is potential as an anticancer agent.

Keywords: Curcumin analogue, PGB-0-So, Anticancer, 4T1 cell line, ROS modulation.

INTRODUCTION

Breast cancer is the most common type of
cancer causing mortality for women which is still
poorly identified (Xiao, et al., 2018). In 2012, there
were registered 1.67 million new cases of breast

46

cancer mortality in women by 198,000 in all over
the world (Ferlay, et al., 2015). It was estimated
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that 20-25% of all patients with breast cancer found
has Human Epidermal Growth Factor Receptor 2
(HER2) amplification (Mendes, et al., 2015) and
approximately 10-15% of them was known to be
triple negative breast cancer (TNBC) (Dawood,
2010). These breast cancer subtypes are positive-
metastatic breast cancer (MBC) which have worse
prognosis leading to aggressive disease. Metastatic
pattern investigation on breast cancer patients
showed 57-77% of them suffered lung metastases
(Lee, 1983). Moreover, failure of metastasis
prevention primarily caused mortality in breast
cancer (Redig and McAllister, 2013).

Curcumin analogues based on
benzylidine cyclopentanone backbone such as
Pentagamavunon-0 (PGV-0)and Pentagamavunon- 1
(PGV-1)exerted potent cytotoxic and anti-metastatic
activities toward several types of breast cancer
cells (Meiyanto, et al., 2014; Putri, et al., 2016).
Pentagamaboronon-0 (PGB-0) is a novel curcumin
analogue based on benzylidine cyclopentanone
developed by Faculty of Pharmacy, Universitas
Gadjah Mada. Cytotoxicity of PGB-0 toward HER2
positive breast cancer had been determined and
showed to decrease HER2 expression (Utomo, et
al., 2017). PGB-0 also performed anti-metastatic
activity toward triple negative breast cancer cells
(Kusumastuti, et al., 2019). Since this compound
showed poor solubility in water, complexation
PGB-0 with polyol sugar Sorbitol was done to
optimize the potency of this substance as anticancer
agent (Chen, et al., 2013; Dash, Srinivas and Babu,
2019). PGB-0-So had reported to inhibit the activity
of Matrix Metalloproteinase 9 (MMP-9) which
plays role in tumor invasion in several breast cancer
cells (Qodria, et al., 2018; Ramadani, et al., 2018).

Reactive oxygen species (ROS) showed an
interestingly important role especially in biological
processes (Covarrubias, et al., 2008; Abdal Dayem,
etal.,2017). Under normal conditions, the regulation
of ROS level is conducted steadily to prevent cells
from damages through the activation of cell survival
signaling cascade involving mitogen-activated
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protein  kinase/extracellular  signal-regulated
protein kinases 1/2 (MAPK/ERK1/2), p38, c-Jun
N-terminal kinase (JNK), and phosphoinositide-
3-kinase/ protein kinase B (PI3K/Akt) (Simon,
et al., 2000; Liou, et al., 2010; Son, et al., 2011;
Schattenberg, et al., 2014; Aggarwal, et al., 2019).
Moreover, large amount of ROS molecules inside
the cell could also trigger oxidative stress which
later would regulate cell damage through the
mechanisms of cell death induction (He, et al.,2017).
Previous researches reported that the elevation of
ROS level was detected from many kind of cancers.
At high concentrations, ROS can cause cancer
cell apoptosis. Therefore, in this study we aim to
investigate the potency of Pentagamaboronon-0-
Sorbitol (PGB-0-So) to induce apoptosis towards
triple negative breast cancer cells.

MATERIAL AND METHODS

Chemicals

The PGB-0-So complex was prepared
according to (Watanabe, et al., 2016) using the
PGB-0 and Sorbitol compounds in the ratio
1:8. The result of the complexation was in the
form of 5 mL of clear yellow PGB-0-So solution
then freeze dry and stored at 4°C for further use.
The Freeze dried PGB-0-So was dissolved in 5
mL ddH20 and filtered using a 0.22 um syringe
filter. The filter results were then analyzed using a
spectrophotometer to determine the concentration
of the PGB-0-So compound and the compound
could be used for testing.

Cell Culture

The 4T1 cell line were kindly given by Prof.
Dr. Mashashi Kawaichi (NAIST, Japan) and were
cultured in CO, incubator (37°C) with Dulbecco’s
Modified Eagle Medium (Gibco, New York, USA)
suplemented with 10% Fetal Bovine Serum (FBS)
(Sigma, St. Louis, Missouri, USA), 150 w/mL
Penicillin and 150 pg/mL Streptomicin (Gibco), and
1.25 pg/mL Fungizone (Amphotericin B) (Sigma).
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Subculture was performed using Trypsin-EDTA
(Gibco) for cell detachment. Samples used were
synthesized PGB-0-So, as previously described.

3-(4,5-dimethylthiazzol-2yl)-2,5-
diphenyltetrazolium (MTT) Cytotoxicity Assay

Cytotoxicity assay of was performed using
MTT assay adapted from Utomo, et al., 2017. The
2x10% of 4T1 cells were seeded into each well on 96
well-plate. On the next day, cells were treated with
PGB-0-So by the series of concentrations (5, 10, 15,
25,50, 75, and 100 uM) for 24 h. Cells were added
with 100 uL of 0.5 mg/mL MTT reagent (Biovision,
California, USA) and incubated for 2-4 h. At the
end of incubation period, SDS stopper solution
containing 0,01N HCI was added to each well.
The absorbance was measured by ELISA reader
at A 595 nm. Cells were added with 100 uL of 0.5
mg/mL MTT reagent and incubated for 2-4 h. At
the end of incubation period, SDS stopper solution
containing 0,01N HCI was added to each well. The
absorbance was measured by ELISA reader at A 595
nm. In combination cytotoxic assay, combination
index value was examined using CompuSyn®
software and the category was defined based on
Patrick Reynolds and Maurer (2005). The potential
application in combination therapy was analyzed
using the combinatorial index method (CI) based
on Reynold and Maurer (2005).

Cell Cycle Assay

Cell cycle assay of this research was
performed using flowcytometer according to
Amalina, et al., 2017. A total of 2x10° cells/mL of
4T1 cells were seeded in each well of 6-well plate
with DMEM medium (10% FBS, 1.5% penicillin-
streptomycin, 0.5% fungizone) and incubated in an
incubator (5% CO,, 37°C) for 24 h. Furthermore,
cells were treated with PGB-0-So compound at
concentrations of 40 and 60 pM for 24 h. On the
next day, cell harvesting and centrifugation were
carried out to obtain cell pellets. Cells were fixed
with 70% ethanol for 30 minutes and stained with
propidium iodide (PI) (400 pul PI reagent containing
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I mg/mL PI, 10 mg/mL RNAse and 0.1% (v/v)
Triton-X 100) to read after 30 minutes using the
FACS Calibur flowsitometer.

Apoptosis Assay

Apoptosis assay was conducted by Annexin
V-FITC/PI staining flowcytometry according to
Putri, et al., 2016. The 2x10° 4T1 cells were seeded
in each well of 6-well plate and treated with the
different concentrations of PGB-0-So for 24 h. Cells
were harvested using trypsin-EDTA, collected, and
stained Annexin-V-FLUOS staining kit (Roche,
Zhangjian Hi-Tech Park, Shanghai, China)
consisting of 500 mL of binding buffer, 2 mL of
Anexin V and PI and incubated for 10 minutes in the
dark room, according to manufacturer’s instruction,
then the cells were analyzed with flowcytometer
(FACS Calibur).

Reactive Oxygen Species (ROS) Assay

The 4T1 cells in as much as 5x10* were
seeded into each well of 24-well plates. Incubation
cells for 24 h at an incubator temperature of
37°C. Then, the cells were harvested in 500 pL
supplemented buffer (10% FBS in 1x PBS).
Furthermore, cell staining was conducted by adding
15 uM Dichlorodihydrofluorescein diacetate
(DCFDA) (3.75 pL 2 mM DCFDA) (Abcam,
Cambridge, UK) and incubated for 30 minutes in
an incubator. The experiments was conducted as its
describe on manufacturer’s instruction. 4T1 cells
were treated with concentrations of 40 and 60 uM
of PGB-0-So compounds and treatment with 1 uM
H,0, as a positive control group. Incubation at 37°C
for 3-4 h and analyzed by using a flowcytometer
(FACS Calibur).

RESULT

Cytotoxicity  of
Sorbitol (PGB-0-So)

Single cytotoxic assay of PGB-0-So
compound showed a dose-dependent inhibitory
profile in 4T1 breast cancer cells (Figure 1). The

Pentagamaboronon-0-
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Figure 1. The Cytotoxicity Profile of PGB-0-So on Several Cell Lines. (A) The single cytotoxicity profile of
PGB-0-So and conjugated sugar Sorbitol against 4T1 cell, (B) The single cytotoxicity profile of PGB-0-So
against normal cell model Vero, (C) The single cytotoxicity profile of against normal cell model NIH-3T3.
Cells were treated with several concentration of PGB-0-So and Sorbitol (A) for 24 h then was analyzed
by MTT assay. After regression analysis, the IC,, was measured by excel software (P<0.01). All data were
conducted on three independent experiment (n=3). The single cytotoxicity test of PGB-0-So against triple
negative breast cancer cell 4T1 cell showed the decrease of cell viability in dose-dependent manner, while
the single cytotoxicity test of the conjugated sugar Sorbitol showed no toxic effect of Sorbitol agaist triple
negative breast cancer cell 4T1 cell. PGB-0-So was also found non-toxic into two normal cell models, Vero

and NIH-3T3 cell line.

graph above shows that the higher the concentration
of the PGB-0-So compound given, the lower the
viability of 4T1 breast cancer cells based on linear
regression line interpolation. These data indicate
that the PGB-0-So compound is toxic to 4T1
cells with a lethal concentration (IC) of 40 uM.
Moreover, the IC,, value of PGB-0-So on Vero
and NIH-3T3 were >250 and >150, respectively.
According to the selectivity index, PGB-0-So is
considered as selective toward cancer cells based
on SI > 3, in which >6 in Vero, and >3 in NIH-3T3
cells.

Combination treatment of 2 IC, PGB-0-So
compound and 2 IC, doxorubicin compound was
able to reduce cell viability by up to 70% compared
to the control group (Figure 2). Combination of

PGB-0-So with doxorubicin showed the synergistic
effect of the PGB-0-So and doxorubicin causing
the accumulation of cytotoxic effects between the
two tested compounds compared with a single
treatment.

Effect of Pentagamaboronon-0-Sorbitol
(PGB-0-So) in 4T1 Cell Cycle Modulation

The treatment of PGB-0-So compounds on
4T1 breast cancer cells for 24 h is known to be able
to modulate the cell cycle and cause accumulation
in the S phase of the cell cycle (Figure 3). The
administration of PGB-0-So at concentrations
of 40 uM and 60 puM showed an increase in
cell accumulation in the S phase along with the
increasing dose of PGB-0-So treatment given.
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Figure 2. The cytotoxic effect of PGB-0-So in combination with Doxorubicin on TNBC 4T1 Cells. A. Cytotoxic
profile of PGB-0-So in combination with Doxorubicin on 4T1 describing correlation between concentration
and cell viability. B. Table of Combination Index of PGB-0-So with Doxorubicin on 4T1 cells. PGB-0-So per-
formed synergic effect with Doxorubicin with combination index <1 against 4T1 cells.

Treatment with 40 uM PGB-0-So increased the
S phase up to 11.92%, meanwhile treatment with
60 uM PGB-0-So increased the S phase by up to
12.59%, both compared to control cells without
treatment with PGB-0-So.

Effect of Pentagamaboronon-0-Sorbitol
(PGB-0-So) in Apoptosis Induction

A single cytotoxic test of PGB-0-So
compound showed the occurrence of cell death after
incubation for 24 h, then it is necessary to confirm
which of the cell death pathway influenced by the
compound. In this study, further apoptosis induction
experiment was carried out using a flowcytometer.
The data showed an increase in the induction of
early stage and late stage apoptosis along with
PGB-0-So treatment by the concentrations of 40
uM and 60 uM (Figure 3). Treatment with PGB-
0-So compounds generally induced an increase in
4T1 breast cancer cell death. The cell control group
had a necrosis mortality rate of 1.4%, an early phase
of apoptosis of 3% and a late phase of apoptosis of
1.54%. In the group treated with 40 pM of PGB-0-
So compound, the percentage of necrosis mortality
was detected 0.77%; the early phase of apoptosis
was 7.18% and the final phase of apoptosis was
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7%. Meanwhile, in the group treated with 60 uM
of PGB-0-So compound, the percentage of necrosis
mortality was detected 0.71%; the initial phase
of apoptosis was 9.41% and the final phase of
apoptosis was 9.41%.

Reactive Oxidative Stress (ROS) Generation
upon Pentagamaboronon-0-Sorbitol (PGB-O-
So) Treatment

The cytotoxicity and anti-proliferative
activities of the PGB-0-So compound against 4T1
breast cancer cells can occur due to increased levels
of ROS (Liou and Storz, 2010; Aggarwal, et al.,
2019). In this study, the ROS intercellular level
test was carried out using fluorescent compounds
and cell permeable chemiluminescent probes,
namely DCFDA which were then measured using
flowcytometry. Based on the results below, it can be
seen that incubation with the PGB-0-So compound
on 4T1 breast cancer cells for 4 h was able to
increase the ROS level, the higher the PGB-0-So
treatment given the higher the ROS level detected.
The treatment group with 40 pM and 60 uM PGB-
0-So compound showed DCFDA mean fluorescence
of 1.25 and 1.45 which was higher than the positive
control group with H O,. This result showed the
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role of PGB-0-So as a pro-oxidant that might able
to increase cellular ROS level. Increasing the ROS
level beyond the threshold can induce death in
cancer cells (Atsumi, et al., 2007; Larasati, ef al.,
2018) .

DISCUSSION

This study aims to study one of the
curcumin analogue compounds, namely PGB-0
which is reacted with PGB-0-So as a chemotherapy
agent in triple negative 4T1 breast cancer cells. The
initial screening to determine the potential of PGB-
0-So compounds in inhibiting the proliferative
activity of highly metastatic 4T1 breast cancer cells
was a cell cytotoxicity test using the MTT Assay
chlorometric method. Single cytotoxic test of PGB-
0-So compound against 4T1 breast cancer cells
showed a decrease in cell viability in accordance
with the dose (dose-dependent manner) with an
IC, value of 40 uM. Meanwhile, sorbitol, which in
this study was reacted with the PGB-0 compound
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to increase the solubility of the compound, did not
show cytotoxicity effects on 4T1 breast cancer
cells. It showed that the cytotoxic potential exerted
by PGB-0-So compound is not an accumulation
of cytotoxic effects between the two compounds
being reacted. Based on the results of testing the
cytotoxicity activity of PGB-0-So, compound’s
complexation with sorbitol not only improved its
solubility but also its cytotoxic properties compared
to previous studies. Utomo, et al., 2017 reported that
PGB-0 inhibited MCF-7/HER2 cell growth with
the IC_ value of 270 uM while Kusumastuti, ez al.,
2019 reported that PGB-0 showed cytotoxic effect
against 4T1 cell with the IC, value of 294 uM. This
result explained that complexation with sorbitol
significantly increased PGB-0 cytotoxicity against
breast cancer cells. Nevertheless further research
is needed regarding the stability and solubility of
this compounds. In addition, in the development
of PGB-0-So as BNCT agents, further testing
regarding the transportation and accumulation of
the compound in cells are importantly needed.
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Figure 3. The Effect of PGB-0-So on Cell Cycle Modulation and Apoptosis Induction against TNBC 4T1 cell.
Cells were treated with 40 uM and 60 pM of PGB-0-So against 4T1 cells for 24 h. The cells then harvested
and conducted DNA content analysis by flow cytometry with PI staining for cell cycle modulation analysis
and with Annexin-V and PI for apoptosis induction analysis. Cell cycle profiles in the sub-G1, G1, S, and
G2/M of the cells and the quantification of cell distribution on the each cell cycle phase. PGB-0-So re-
vealed S phase arrest as well as apoptosis induction at the concentration 40 pM.
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Cytotoxic testing of the combination of
PGB-0-So compounds with doxorubicin showed
a synergistic effect of the two compounds on 4T1
breast cancer cells. Previous studies reported that
at certain concentrations, the combination of
curcumin and the chemotherapy agent doxorubicin
has a synergistic effect and is able to influence
down regulation of the expression of several genes
including: c-myc, Bcl-XL, c-IAP-2, NAIP, XIAP
which play an important role in maintaining the
ability to proliferate cancer cells (Notarbartolo, et
al., 2005; Limtrakul, 2007). In this study, the sub-
lethal dose of PGB-0-So and doxorubicin were
found to be able to reduce the viability of 4T1
breast cancer cells by up to 70%, this is in line with
previous studies which stated that the synergistic
effect of the combination of curcumin analogue
compounds with doxorubicin was obtained at sub
IC,, doses (Putri, et al., 2016; Kusumastuti, ef al.,
2019). It indicates that PGB-0-So can be combined
with doxorubicin as a co-chemotherapy compound
with a smaller chemotherapy dose.

The findings of the compound cytotoxicity
test then can be confirmed through the cell cycle
modulation test using the flowcytometry method.
The single treatment of the PGB-0-So compound
is able to modulate the cell cycle through induction
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arrest in the synthesis phase (S phase) of the cell
cycle. They are in line with previous research which
shows that the DBBAC or PGB-0 compound causes
S-phase arrest which is most likely due to DNA
damage (Kusumastuti, et al., 2019). DNA damage
results in the accumulation of broken DNA double
strands which is induced by topoisomerase I inhibitor
(SN38), this event has implications for arrest in the
S phase of the cell cycle. Cancer cells that did not
undergo arrest in the G1 phase after treatment with
flavopiridol showed growth inhibition activity in
the S phase which could then experience cell death
(apoptosis) earlier and more efficient than cells
that undergo arrest in the G1 phase after treatment
with drug compounds. Failure of G1 arrest due
to the presence of Cyclin dependent kinase (Cdk)
inhibitors increases the apoptotic response of cells
(Doumont, et al., 2005). A further test to confirm
the results of cytotoxic tests and the results of cell
cycle modulation tests was apoptosis induction test.
In apoptosis testing with flowcytometry, we need
to identify membrane conditions and cell genetic
material 24 h after treatment. The initial phase
of apoptosis is characterized by translocation of
phosphatidylserine (PS) on the inner cell membrane
to the outer membrane. This displacement causes
PS to face the outside of the cell so that it is able to

H202 -
PGB-0-S0 40 UM -
PGB-0-So 60 uM -

+

- +

Figure 4. PGB-0-So modulated the ROS level of TNBC 4T1 Cells. Cells were stained with DCFDA then treated
with two different concentrations PGB-0-So for 4 h and then subjected to FACS flowcytometry. X-axis, the
cellular ROS level; Y-axis, the relative cell count. ROS level elevated after treatment with PGB-0-So in

dose-dependent manner.
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interact with the external proteins of the cell. In this
test, detection of the presence of PS was carried out
using Annexin V (in the form of Ca2 + -dependent
phospholipid-binding protein) which is a specific
protein and is able to strongly interact with the PS
residue. The detection of PS in cells indicates an
early phase of cell death in the apoptotic pathway
(Elmore, 2007). The detection of apoptotic events is
also carried out with PI which is able to intercalate
with DNA so that it can show the DNA content of
cells. The final phase of apoptosis is characterized
by the occurrence of DNA fragmentation followed
by loss of nuclear DNA, which can be detected
using a PI. Viable cells will have low Annexin V
and PI intensities (Vermes, et al., 1995; Riccardi
and Nicoletti, 2006).

Incubation with PGB-0-So compound
showed the ability of the compound to induce
an increase in the percentage of cell death in the
apoptotic pathway. The mechanism of apoptosis
induction in 4T1 breast cancer cells is most likely
to occur via the pS53-independent mitochondrial
pathway (intrinsic pathway). This is because triple
negative breast cancer cells, such as 4T1 cells used
in this study, have mutations in the p53 protein
which play an important role in the induction of
apoptosis in the extrinsic pathway (Yerlikaya,
et al., 2012). Incubation with the PGB-0-So
compound is possibly affected depolarization of the
mitochondrial membrane so that cytochrome C is
released from the membrane, cytochrome C then
activates caspase 9 which can induce activation of
other caspases (caspase 3). Activation of caspase
protein then induces activation of endonuclease and
proteases which play a role in the degradation of
chromosomal DNA, nuclear lamina and cytoskeletal
proteins until apoptosis occurs (Tsang, et al., 2003;
Elmore, 2007; Karp, 2008).

To understand more deeply about the
cytotoxic and anti-proliferative effects of PGB-0-
So compounds on 4T1 breast cancer cells, as well
as the mechanisms for inducing cell death that are
likely to occur, in this study, intracellular ROS

22 11]ICIC

levels were tested in 4T1 breast cancer cells after
incubation with compound PGB-0-So for about 4 h.
In this study, it can be seen that there was an increase
in ROS levels in cells incubated with the PGB-0-So
compound compared to the untreated control group
(as a negative control group) and the group induced
by addition of H,O, (as a positive control group).
ROS can be in the form of ions or radical molecules
with one single electron in the outer layer of the
electron layer, so it has a very high reactivity. In
normal conditions, ROS is very tightly guarded by
the presence of antioxidants and repair mechanisms
so that it does not cause oxidative stress (Manda,
et al., 2009). Elevated levels of ROS beyond the
normal threshold are known to cause cancer cell
death. Previous studies reported that curcumin
has the ability as a pro-oxidant agent capable of
inducing increased production of ROS in cells
(Atsumi, Tonosaki and Fujisawa, 2007; Larasati,
et al., 2018). In cells ROS acts as a messanger in
the signal transduction pathway, influences protein
phosphatase and plays an important role in the
regulation of transcription factors (Chiarugi, et
al., 2003; Torres, et al., 2003; Zhang, et al., 2004).
ROS can affect the activation of several important
genes for transcription factors, including the c-fos,
c-jun, ATF, JDP and NF-kB gene families (Manda,
et al., 2009). In addition, high production of ROS
can induce apoptosis by influencing the expression
and translocation of Bax to mitochondria, causing
mitochondrial damage, release of cytochrome
c, activation of caspase 3 resulting in apoptosis
(Dumay, et al., 2006; Susnowa, et al., 2009; Redza-
Dutordoir, et al., 2016).

CONCLUSION

The PGB-So treatment against TNBC cell
4T1 was able to modulate cell cycle and induce
apoptosis especially through the elevation of the
cellular ROS level. These findings suggest that
PGB-0-So is potential as an anticancer agent.
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Abstract

Ameloblastoma, a tumor located in the jaw, grows slowly but locally invasive.
Ameloblastoma expands in the jaw based on a mechanism resorbing the surrounding
bone. To date, the bone resorption mechanisms of ameloblastoma are associated with the
expression of receptor activator of nuclear factor (NF)-kB (RANK) ligand (RANKL), matrix
metalloproteinases (MMPs), and tumor necrosis factor (TNF)-a. RANKL plays an important
role in generating osteoclastogenesis. MMPs degrade the extracellular matrix. TNF-a
can induce the formation of osteoclast and modulate the MMPs. In this review the bone
resorption mechanism of ameloblastoma as well its signaling pathway will be disclosed.

Keywords: Ameloblastoma, RANKL, MMPs, TNF-a.

INTRODUCTION

One of the most common benign epithelial
odontogenic tumors of the jaw is ameloblastoma.
Ameloblastoma has the characteristics of slow
growth and locally invasive. The peak incidence
of ameloblastoma is in the third and fourth decades
of life, but ameloblastoma can occur at all ages,
equal in gender distribution. In Caucasians, most
ameloblastomas occur in the molar-ramus region,
with over 50% prevalence. Most ameloblastomas
occur in the mandibular symphysis in the Asian
Indian and Nigerian population (Petrovic, et al.,
2018). Ameloblastoma usually occurs in a unilateral
form (95%). Overall, ameloblastomas arise mostly
in the mandible (80-93%) (Singh, et al., 2015). In
Indonesia, multicystic follicular ameloblastoma
was the most common type (57%), followed by
unicystic (25%) and unspecified multicystic (18%)
(Ruslin, et al., 2018). In Southeast Myanmar and
Lower Northern Thailand, ameloblastoma was

shown multilocular radiolucency in 70% cases and
unilocular radiolucency in 30% cases. Unicystic
ameloblastoma (20%), conventional solid/mul-
ticystic ameloblastoma (70%), and desmoplastic
ameloblastoma (10%) were diagnosed in Lower
Northern Thailand, Southeast Myanmar, and Thai-
land regions. The most common histologic pattern
was the plexiform type (57.2%), followed by the
follicular type (23.8%) (Intapa, 2017).

A 40-year epidemiologic study in Iran
showed the most frequent location of the tumor
was the mandibles (93.2%) (Saghravanian, et al.,
2016). Ameloblastoma is mainly located in the third
molar region; 20% of ameloblastoma arises in the
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maxilla, particularly in the posterior region. Des-
moplastic ameloblastoma, a rare subtype (2% of
all ameloblastomas), arises most frequently in the
premolar and anterior regions of the mandible
and the maxilla (Kreppel and Zoller, 2018). As
the development of odontogenic tumors was asso-
ciated with remnants of the migrating epithelium at
the cervical loop of the enamel organ, it was not
surprising that the development of ameloblastoma
was also linked to the enamel organ remnants of
odontogenic epithelium and lining of odontogenic
cyst. This odontogenic etiological origin was fur-
ther supported by the similarities in the expression
profiles of cytokeratin and vimentin between the
developing tooth germ and ameloblastoma (Ef-
fiom, et al., 2018). The molecular pathogenesis of
ameloblastoma is now attributed to dysregulation
of the mitogen-activated protein kinase (MAPK)
pathway based on studies using ameloblastoma
tissues, cell lines, and transgenic mice (Brown, et
al., 2015).

Various risk factors have been associated
and studied which might be involved in triggering
development and progression of ameloblastoma
such as chronic inflammatory responses, viral in-
fection (human papillomavirus), malnutrition,
deficiency of either vitamins/proteins/minerals,
improper dental health, individual's genetic poly-
morphism (Toprani, 2020), chemical exposure (ar-
senic, lead, drugs, occupational-related exposures),
radiation, and pollution (air, water, and foodborne)
(Sun, et al., 2020).

Interaction between ameloblastoma cells
and bone marrow stromal cells (BMSCs) increased
the secretion of interleukin (IL)-8 and activin A
by BMSCs. Tumor-derived tumor necrosis fac-
tor (TNF)-a modulated the expression of IL-8 in
BMSCs. IL-8 could stimulate receptor activa-
tor of nuclear factor (NF)-kB (RANK) ligand (L)
in contributing to osteoclast formation. In BMSCs
culture, ameloblastoma cells stimulate the secre-
tion of Activin A. The mechanism via cell-to-cell-
mediated activation of c-Jun N-terminal kinase
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activation. Osteoclast formation and function were
induced by Activin A as a cofactor of RANKL (Liu,
et al., 2019). RANKL binding will trigger the acti-
vation of the osteoclast. Besides RANKL, the pro-
gression also involved matrix metalloproteinases
(MMPs). MMP-1, MMP-2, and MMP-9 were re-
leased by ameloblastoma (Yoshimoto, et al., 2016).
A study confirmed the bone-resorption mechanism
of ameloblastoma by observing the role of RANK
and MMP-9. On the other hand, osteoprotegerin
was found to act as a bone resorption inhibitory fac-
tor (Qian and Huang, 2010).

CLINICAL, RADIOGRAPHIC, AND HISTO-
LOGICAL FEATURES OF AMELOBLASTOMA

Clinical Appearance

In general unicystic, multicystic, dermo-
plastic, and plexiform ameloblastomas have the
same clinical appearances, which are extra and
intraoral swelling with the absence of pain
(Figueiredo, et al., 2014; Kamboj, et al., 2015). The
swelling was the most common symptom (38%)
(Kim and Jang, 2001). The reported initial chief
complaint was the swelling of the lower jaw and/
or face, for a period ranging from 1 to 4 months,
usually asymptomatic (Figueiredo, et al., 2014).
Other rare symptoms experienced by ameloblas-
toma patients such as local discomfort (11.3%),
purulent discharge (4.2%), pain and paresthesia
(1.4%), tooth mobility (1.4%), swelling, and puru-
lent discharge (2.8%) (Kim and Jang, 2001). Some-
times the pain will occur due to hemorrhage in the
adjacent soft tissue (Kreppel and Zoller, 2018).

Recurrences have been reported to occur
between 2 and 5 years for more than 50% of the
cases. The rest can occur sporadically 20, 30, and
even 45 years later. Usually, recurrent lesions were
smaller than the primary lesion, and thus, segmen-
tal resection may be more limited (Parmar, et al.,
2016).

Maxillary ameloblastomas were not
commonly found, and approximately about 15% of
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all ameloblastoma cases. Maxillary ameloblastomas
are often be associated with an aggressive course.
The surgery challenges are different on maxillary
ameloblastoma compare to mandible ameloblas-
toma. Complication into adjacent spaces such
as the maxillary antrum is often detected at later
stages of maxillary ameloblastoma (Yang, et al.,
2017). If orbital is involved in maxillary ameloblas-
toma, usually related to high mortality, morbidity,
and recurrence. Only 23 well-documented cases
and 3 publications in ophthalmic were reported.
This indicated the maxillary ameloblastoma was
extremely rare. The clinical presentation of
recurrent maxillary ameloblastoma such as
nasal discharge with blood, swelling, nasal obstruc-
tion, pushed-down hard palate, and eye proptosis
(Qahtani, et al., 2019).

Radiographic Feature

Multilocular and unilocular ameloblas-
tomas had the same radiographic features.
Well-defined margin, corticated thick, adjacent
root resorption may present or absent, buccal/
lingual/inferior border of mandible cortical expan-
sion, and usually found at posterior or anterior of
the mandible. Radiographic features of unilocular
and multilocular ameloblastomas can be differen-
tiated. The unilocular usually has a smooth shape
of margin, absent of septae, and internal structure
radiolucent (Figueiredo, et al., 2014). Meanwhile,
the multilocular can appears with scalloped mar-
gin, thin curved or coarse curved septae, and mix
or soap bubble internal radiolucent structure. Radi-
olucency cyst-like appearance referred to unicystic
type ameloblastoma. However, unlike cyst, unicys-
tic ameloblastoma may show trabeculae within the
lumen and had a discontinuity in the peripheral cor-
tex. Another radiolucency appearance to be seen is
a large radiolucent area with scalloped borders, and
it is referred to as one most common appearances of
spider-web patterns. From the center of the lumen,
coarse strands of trabeculae radiate peripherally,
giving rise to a gross caricature of a spider. Multilo-
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cular radiolucency is seen as a soap bubble pattern.
This pattern had a varying size, multi-chambered,
or multicystic “bunch of grapes” appearance
giving rise to the soap-bubble. The last pattern seen
in radiolucency was honeycomb appearance, also
known as solid or beehive pattern. The honeycomb
appearance arose from multiple small radiolucen-
cies that are seen surrounded by hexagonal or po-
lygonal thick-walled bony cortices (More, et al.,
2012).

Histological Findings

In the WHO classification for odonto-
genic tumors, types of ameloblastomas are solid/
multicystic, plexiform, and follicular. Other types
of ameloblastomas are unicystic, extraosseous-
peripheral, and desmoplastic (Arora, 2015).
Microscopic patterns of ameloblastomas can be
uniform or mixed and divided into the follicular,
plexiform, acanthomatous, spindle, basal cell-like,
desmoplastic, and granular cell. The most common
type was the solid or multicystic type with 91%
prevalence of ameloblastoma followed by unicys-
tic, extraosseous, and desmoplastic type with 6%,
2%, and 1%, respectively. Benign ameloblastoma
is a unicystic type and divided into intraluminal and
intramural subtypes. On the other hand, if the inva-
sion of supporting connective tissue was the intra-
mural subtype. The appearance which is centered
within the marrow space and encapsulated by bone
was dermoplastic ameloblastoma. The peripheral
ameloblastomas are extra-osseous and do not in-
volve the underlying bone (McClary, et al., 2016).

The classical histological pattern of
ameloblastoma described by Vickers and Gorlin is
characterized by a peripheral layer of tall columnar
cells with hyperchromasia, reversely polarized nu-
clei and sub-nuclear vacuole formation (Masthan,
et al., 2015). Follicular type is composed of many
small islands of the peripheral layer of cuboidal or
columnar cells with a reversely polarized nucleus.
The term plexiform refers to the appearance of
anastomosing islands of odontogenic epithelium,
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with double rows of columnar cells in a back-to-
back arrangement. In acanthomatous type, the cells
occupying the position of stellate reticulum undergo
squamous metaplasia, with keratin pearl formation
in the center of tumor islands. In granular cell
ameloblastoma, the cytoplasm of stellate reticu-
lum-like cells appears coarse granular and eosino-
philic. Basal cell type, the epithelial tumor cells are
less columnar and arranged in sheets. The desmo-
plastic variant is composed of the dense collagen
stroma, which appears hypocellular and hyalinised
(Rajendran, 2012).

A cyto-histological study investigated the
ameloblastoma expression of B-cell lymphoma
(Bcl)-2 related proteins. Bl-2 and Bcl-x were found
more in the outer layer cells of the tumor island. On
the other hand, Bcl-2-associated X-protein (Bax)
and Bcl2-antagonist/killer (Bak) were found more
in the inner layer. This finding indicating the outer
layer cell had apoptotic inhibition. Meanwhile, the
inner layer cell was experienced more apoptosis
(Sandra, et al., 2001). Due to the active proliferating
state, Proliferating Cell Nuclear Antigen (PCNA)
and Ki-67 of ameloblastoma were investigated.
The cytological pattern of ameloblastoma showed
PCNA and Ki-67 were expressed in the outer layer.
Higher expression of PCNA and Ki-67 suggested
the ameloblastoma had a higher proliferation
activity in the outer layer (Sandra, ef al., 2001).

OSTEOCLASTIC MECHANISM AND ITS UN-
DERLYING PATHWAYS IN AMELOBLAS-
TOMA

Bone resorption is a complex process ini-
tiated by the proliferation of immature osteoclasts.
Osteoclastic differentiation is principally regulated
by RANK/RANKL/OPG system. The interaction
between RANK and RANKL plays a critical role
in promoting osteoclast differentiation and activa-
tion, thus leading to bone resorption. RANKL binds
to RANK on the surface of preosteoclasts and
stimulates the development and activation of osteo-
clasts. OPG is a soluble decoy receptor for RANKL
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that blocks osteoclast formation by inhibiting
RANKL binding to RANK. The enhanced RANKL
expression or decreased OPG levels play an im-
portant role in tumor-associated bone destruction
(Tekkesin, et al., 2011; Al-Rawi, et al., 2018).

The current concept of bone resorption
caused by ameloblastoma occurs as a result of
activities by peritumoral osteoclasts. It is believed
activation of peritumoral osteoclasts by RANKL
is released from the ameloblastoma (Yoshimoto, et
al., 2016). RANKL-induced NF-kB activation for
osteoclast differentiation and function. Activated
T cells produce the RANKL that directly controls
bone remodeling and osteoclastogenesis. RANKL
was expressed in all types of ameloblastomas, and
it could be the regulating factor of bone metabolism
(Tekkesin, et al., 2011; Sandra, et al., 2005).

Several cytokines such as IL-1, IL-6, IL-8,
IL-11, and IL-17 were bone-resorbing factors and
have been reported to trigger RANKL expression in
BMSCs. Upregulating IL-8 and activin A triggered
osteoclastogenesis from the interactions between
ameloblastoma cells and BMSCs. Ameloblas-
toma-derived TNF-a will enhance the production of
IL-8 in BMSCs, further induced osteoclast forma-
tion directly or by upregulating RANKL expression
in BMSCs. The activation of the JNK pathway in
the presence of ameloblastoma cells induced stimu-
lation of Activin A secretion in BMSCs. Osteoclast
formation and function stimulated by RANKL and
activin A acted as a co-factor of RANKL. Over-
expression of IL-8 not only correlates with tumor
growth, angiogenesis, and metastasis but also
serves a critical role in osteoclast formation. Mul-
tiple signals, including IL-1a, IL-1f3, and TNF-q,
are correlated with the production of IL-8. A study
suggested RANKL expression through IL-8-de-
pendent pathway from the interaction between the
ameloblastoma cells and BMSCs (Fuchigami, et
al., 2014; Liu, et al., 2019). (Figure 1)

Expressions of IL-la and IL-6 con-
tribute to the tumor size of ameloblastoma.
IL-1o and IL-6 are known to be the major
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cytokines for osteolysis. Based on the result, the
author suggested IL-1a and IL-6 mediating bone
lysis play a vital role in ameloblastoma expansion
in the jawbone (Senguyen, et al., 2011).

Besides RANKL, osteoclastogenesis
stimulation by TNF-o has been confirmed. Tar-
trate-resistant acid phosphatase-positive multinu-
cleated cells formation directly induced by TNF-a.
This mechanism will produce resorption pits on
the bone (Sandra, et al., 2005; Feng, et al., 2019).
Besides, matrix metalloproteinases (MMPs) and
Cathepsin K are involved in the degradation of
the organic matrix in bone, mainly type I collagen
(Qian, et al., 2010).

Regulation of IL-6 and MMP-9 can be
modulated by TNF-a in ameloblastoma cells,
which implicated the ameloblastoma pathological
behavior, such as bone resorption. TNF-a secreted
from the tumor directly modulates osteoclasts and
may also act on osteoclastogenesis by intro-
ducing IL-6 and MMP-9 via autocrine mechanisms
in ameloblastoma. TGF-P and interferon-y (IFN-y)
have also been reported to be essential regulators of
osteoclastogenesis. TGF-J is an essential element,
as it functions as a cofactor of RANKL. IFN-y has
also been shown to induce activation and secre-
tion of the osteoclastogenesis factors. TGF-f and
IFN-y could increase the levels of TNF-a-induced
IL-6 and MMP-9. TGF-f and IFN-y cooperate
to regulate TNF-a mediation of genes related to
bone resorption in ameloblastoma cells and may
influence ameloblastoma tumor growth and in-
vasiveness. TNF-a was shown to increase NF-kB
activation via inhibitor of kB (IxB)a phosphoryla-
tion to induce IL-6 and MMP-9, while the NF-xB
inhibitor dramatically decreased TNF-a-mediated
IL-6 and MMP-9 expressions. A study revealed that
TNF-a-induced NF-kB signaling plays a vital role
in pathological behavior, such as bone resorption in
ameloblastoma cases. On the opposite, NF-kB in-
hibitor blocked TNF-a-mediated synergistic induc-
tion of MMP-9 and IL-6 in the presence of IFN-y or
TGF-B. Thus, for NF-kB activation, TNF-a is ini-
tially triggered, followed by other signal pathways
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stimulated by IFN-y or TGF-f cross-talk (Ohta, et
al.,2017). (Figure 1)

MMPs may contribute to ameloblastoma
behavior, which can transduce the Extracellular Re-
lated Kinase (ERK) 12 pathway. In ameloblastoma,
MMPs mediate bone resorption. The tissue inhibi-
tors of metalloproteinases (TIMPs), Transforming
Growth Factor (TGF)-a, and Epidermal Growth
Factor (EGF) cooperate to regulate ameloblastoma
proliferation. Distinct signaling pathways have been
implicated in TIMP growth-promoting activity, in-
cluding ERK 12. ERK 12 signals are generated
by growth factors and tissue inhibitors of MMPs
(Siqueira, et al., 2010). Besides MMPs, The TN-
F-o induction for ameloblastoma was transduced
by Phosphoinositide 3-Kinases (PI3K), Akt, and
Mitogen-activated Protein Kinase (MAPK). This
induction will impact ameloblastoma proliferation
activity and survival (Hendarmin, et al., 2005).

RANKL and MMP-9 were found to be
immunohistochemically expressed in ameloblas-
toma. MMP-9 (gelatinase B, a 92 kDa type IV
collagenases) is involved in the process of tumor
invasion by mediating degradation of basement
membrane and remodelling of extracellular matrix
(ECM), and one of the most important proteinases
involved in bone resorption. MMP-9 is not only
contributed to bone matrix degradation but also as
a regulator in the initial bone resorption process.
MMP-9 presents in ameloblastoma to digest bone
matrix and release mitogens, which could increase
tumor proliferation (Qian, et al., 2010; Anne, et al.,
2014; Pinheiro, et al., 2004).

MMPs and RANKL play important roles
in cell proliferation, invasion, and bone resorp-
tion. Wnt/B-catenin signaling, which is involved
in the progression of ameloblastoma, can regulate
MMP and RANKL expression. B-catenin is a key
factor in the Wnt signaling pathway, acting as a
transcriptional activator. Activation of the Wnt/p-
catenin pathway inhibits glycogen synthase ki-
nase-3p (GSK-3p) enzymatic activity within the
destruction complex by phosphorylating GSK-
3B (Yang, et al., 2018). Wnt/B-catenin signaling,
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through GSK-3f inactivation, can also affect osteo-
clast differentiation. Several mechanisms related
to B-catenin signaling are suggested to modulate
RANK-RANKL-OPG signaling in osteoclasts
(Amirhosseini, et al., 2018). (Figure 1)

Osteoclast differentiation is completed by
the expression of a large number of related marker
genes, such as MMP-9, Nuclear Factor of Activated
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T Cells 1 (NFATc1), TRAP, C-Src, and cathep-
sin K. Most of which are target genes of NFATcI.
NFATcl is a well-known master regulator of o0s-
teoclastogenesis and function (Sandra, et al., 2005).
This osteoclastogenesis provides the space for the
ameloblastoma to expand in the bone (Gomes, et
al., 2010).

Ameloblastoma

r A e N e D
Wnt/ B-catenin IL-1, IL-6, IL-8, TGF-B and IFN-y
IL-11 and IL 17
\§ J \_ Y, \_ J
4 ) 4 ) ( )
MMPs RANKL TNF-a
\_ J \_ J . J

|

|

Organic Matrix
Degradation

Osteoclastogenesis

Osteoclastogenesis

Bone resorption

Figure 1. Bone resorption mechanism of ameloblastoma.

MANAGEMENT OF AMELOBLASTOMA AND
RECURRENT PREVENTION

Lesion elimination should always be
the main focus for the best treatment choice. The
treatment method will influence on the life and
rehabilitation of the patients. Treatment options
ranging from conservative to radical bone resec-
tions (Maia and Sandrini, 2017).
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MMP-2 and MMP-9 are proteolytic
enzymes and target genes of Wnt pathways. Both
MMPs mediate tumor growth and invasion by
regulating events like neoangiogenesis, anti-
apoptosis, invasion, and metastasis. The elevated
neovascularization or angiogenesis indicated the
tumor prone to recurrence. Each type of ameloblas-
toma had the variant expression of the MMPs. High
expression of MMPs was reported to be correlated
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with the high proliferative ameloblastoma with
elevated neoangiogenesis. Therefore, adequate
treatment with more extensive resection should be
considered. In contrast, lower expression of these
markers suggests the treatment could be done with
the conservative procedure (Kibe, ef al., 2013; Sah,
etal., 2013). (Figure 2)

MMPs role of action is mainly the degra-
dation of ECM. While RANKL is involved in the
mechanism of how the tumor expands in the bone,
RANKL is required for osteoclast development.
Therefore, target therapy on these markers could
be potential (Al-Rawi, et al., 2018). Invasion by
ameloblastoma cells expressing RANKL, marked
by a larger tumor volume, needs more invasive
procedures, such as segmental resection with the
discontinuity of the bone piece, even removing the
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periosteum, and overlying soft tissue (Dissanayake
etal.,2011). (Figure 2)

Conservative methods such as enucleation
and curettage require less operation time, but these
methods are assumed to be associated with high
recurrence rates and re-resection (Hendra, et al.,
2019). Recurrence rates of solid and unicys-
tic ameloblastomas revealed a lower risk of
recurrence after radicalization compared to conser-
vative treatment (Antonoglou and Sandor, 2015).
Recurrence rates were 3% for radical treatment and
21% for conservative treatment. The solid or mul-
ticystic ameloblastoma may  behave more
aggressively than the unicystic ameloblastoma
based on the recurrence rates (Hendra, et al.,
2019). Despite the surgery, another important as-
pect is the awareness of the patients since they will

MMPs

RANKL

/\/

Neoangiogenesis }

Bone resorption

Prone to recurrent } [

Larger volume

l\.&

v

-
-

[ Radical Procedure

] [ Conservative Procedure ]

Figure 2. Procedure selection for ameloblastoma based on bone expansion and recurrent prevention.
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need more rigorous attention and care regarding
their oral health, including specific diet, follow-up,
and periodical examinations. (Franga, et al., 2012).

CONCLUSION

Bone resorption in ameloblastoma occurs
as a result of peritumoral osteoclasts activities. Os-
teoclastic induction of ameloblastoma cells is asso-
ciated with RANKL, TNF-a, and MMPs. RANKL
expression will induce osteoclast differentiation and
function. TNF-a induces osteoclast formation and
modulates the regulation of MMPs. While MMPs,
despite mediating degradation of the basement
membrane, also play a role in and neovasculariza-
tion event. By understanding the osteoclastogene-
sis in ameloblastoma cases, together with surgery
and other target therapies, the RANKL, TNF-a, and
MMPs should be targeted so that the growth and
recurrence of ameloblastoma can be managed.
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