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ABSTRACT

Phyllanthus debilis was shown to have a strong anti-proliferative effect on cancer cells
with less effect in normal cells. However, its mechanism on the epigenetic mechanism
at repeat sequences is unknown. This study was carried out to determine the effect of P,
debilis extract on long interspersed nuclear element-1 (LINE-1) and Alu DNA methylation.
The anti-proliferative effect of P. debilis methanolic extract on human colorectal
adenocarcinoma (HT-29) at 24 hours was done using trypan blue assay. LINE-1 and Alu
methylation measurement on the HT-29 cell line was done after 72 hours of treatment
using Pyrosequencing. The effect of P. debilis methanolic extract at 24 hours on the
viability of HT-29 cells was dose-dependent with the half-maximal inhibitory concentration
(ICs) concentration of 0.1 mg/mL. Treatment with P. debilis methanolic extract showed
significantly higher 4/u DNA methylation when compared with the untreated HT-29 cells
(37.0 £ 2.5% vs 32.3 £ 4.3%, p<0.05). Similarly, treatment with 5-aza-2-deoxycytidine
also significantly increased the A/u DNA methylation compared with the untreated HT-29
cells (46.0 £2.3% vs 37.0 + 2.5%, p<0.05). For LINE-1, there was a significant increase
of LINE-1 methylation when treated with P. debilis extract (80.3 = 1.3% vs 76.3 +2.1%,
p<0.05) and with 5-aza-2-deoxycytidine (81.8 + 4.3% vs 76.3 = 2.1%, p<0.05) when
compared with untreated cells. In conclusion, treatment of P. debilis methanolic extract on
HT-29 cell line reduces the viability of HT-29 cells and increases the methylation of 4/u
and LINE 1. Similar changes in methylation
were also seen in the 5-aza treatment. These
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INTRODUCTION

Aberrant DNA hypomethylation, which
was frequently seen in the cancer cells, can
induce activation of oncogenes and loss of
imprinting (Sharma et al., 2010). Overall
genomic methylation in carcinogen-induced
cancer cells was reduced by 20-60%
compared to normal cells, and demethylation
of repetitive sequences’ methylation accounts
for 20-30% of the human genome (Ehrlich,
2002). Hypomethylation of the genome
occurs early in the development of cancer.
It accumulates throughout all tumorigenic
steps, from benign proliferation to invasive
cancer (Fraga et al., 2004). Although gene-
specific demethylation occurs in the context
of global DNA hypomethylation, many of
the effects are thought to be caused by the
activation of transposable elements and
endogenous retroviruses found in the human
genome as by loss of imprinting (Whitelaw
& Martin, 2001). Potentially, the reactivation
of the strong promoters associated with
transposable elements can globally modify
the expression levels of transcription factors
and/or the gene expression levels of the
growth regulatory genes in which these
factors reside (Whitelaw & Martin, 2001).
Human DNA comprises a significant number
of transposable elements. The most studied
sequences were LINE-1, and Alu repeats.
LINE-1 and Alu repeat sequences are highly
methylated in somatic tissues (Ehrlich,
2002). These repeat genetic elements are
sequences that can change places on a
chromosome and be exchanged between
chromosomes that need to be repressed
by methylation to prevent disruption to

the genetic sequences and transcriptome
(Rodi¢ & Burns, 2013). Studies have
shown that changes in methylation at these
repeat sequences affected the changes
of genome-wide methylation, and these
changes can be measured as a surrogate
marker for epigenetic changes in genome-
wide methylation status (Lisanti et al.,
2013).

Phyllanthus debilis, a less common
Phyllanthus species, is usually used to
substitute other popular Phyllanthus species,
such as Phyllanthus amarus (Kumaran &
Karunakaran, 2007). This herb shows anti-
inflammatory, anti-microbial, anti-diabetic,
anti-cancer, and antihepatotoxic properties
(Ahmed et al., 2009; Chandrashekar et al.,
2005). The aqueous extract of the plant
shows an antihyperglycemic property
(Wanniarachchi et al., 2009). Phyllanthus
debilis has been shown to possess higher
antioxidant activity than Phyllanthus
amarus, Phyllanthus maderaspatensis,
Phyllanthus urinaria, and Phyllanthus
virgatus (Kumaran & Karunakaran, 2007).
Many bioactive compounds had been
found in P. debilis, such as B-sitosterol,
debelalactone, and phyllanthin. These
compounds were shown to have anti-
inflammatory, antihepatotoxic, and anti-
cancer (Sarin et al., 2014). Based on
traditional usage but limited scientific
evidence, Phyllanthus sp. could be explored
for their potential anti-cancer activity
through an epigenetic mechanism in
colorectal cancer cells line (HT-29).
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METHODS
Sample Preparation

Herbal Specimen Collection and
Identification. Phyllanthus debilis was
collected from a local collection at Tasek
Gelugor, Penang, Malaysia. The species
was identified by the herbarium unit, School
of Biology, Universiti Sains Malaysia. The
voucher specimen was deposited at the
Universiti Sains Malaysia herbarium unit
(Phyllanthus debilis specimen number:
11623)

Sample Extraction

The whole sample of P. debilis was cleaned
and washed before being dried in the oven at
50 °C for three days. The dried sample was
then ground and prepared in powder form.
First, a five-gram sample was extracted
with 100 mL of methanol (Fisher Scientific,
USA) in an ultrasonic bath (Power-Sonic
405 Model, Hwashin, Korea) for 20 min
and then filtered. The procedure was carried
out twice more with the remaining residual
extract. Finally, a rotary evaporator was
used to dry the extract (Rotary Evaporator
RII, Biichi, Switzerland). Prior to use, the
dried extracts were kept at a temperature
of -20 °C.

Cell Culture for Phyllanthus debilis
Methanolic Extract on HT-29 Cells
Viability

Passage 19 of human colorectal
adenocarcinoma (HT-29) was used in this
study and was grown in the Roswell Park
Memorial Institute (RPMI)-1640 medium.
The medium was supplemented with

10% fetal bovine serum (FBS) (Gibco™,
USA) and 1% penicillium-streptomycin
(10,000 U/mL, Gibco™, USA) to ensure
cell growth and viability. The cells were
incubated in a humidified atmosphere with
5% carbon dioxide at 37 °C for growth and
maintenance.

Viability of HT-29 Cell Lines

Cells were seeded at their optimal cell
density (0.05 x 10° cells/well) into a 24-
well plate and were incubated in 5% carbon
dioxide at 37 °C for 36 to 48 hours to allow
cell attachment and make them reach the
growth of 80% confluency. The cells were
then treated P. debilis methanol extracts
at 6 different concentrations (0.03125,
0.0625,0.125,0.25, 0.5, and 1 mg/mL). The
experimental control was prepared with only
cells and cultured medium without treatment
with Phyllanthus extract. The experimental
plates were incubated at 37 °C, 5% carbon
dioxide for another 24 hours.

The cells were then washed using
phosphate-buffered saline (PBS) to remove
any floating cells and then incubated with
trypsin for 5 min to detach the cells from
the well. Next, the medium was added to the
well to deactivate the trypsin and thoroughly
mixed. Once mixed, the cell suspension was
then mixed with 0.4% trypan blue solution
in the ratio of 1:1. The cells in 10 pL of this
suspension were then directly counted on a
haemocytometer. The average cell count of
four fields represented the number of cells
per mL of cell solution and determined the
total number of cells from each well.
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The number of cells was counted in each of the four quadrants by using the following

formula:

Number of cell =

<A+B+C+D>

x 10% x 2 x sample dilution

The viability of the cell is determined by comparing viable cells for the treatment with

the untreated cell:

Number of viable cells from treatment

Percentage of cell viability (%) = <

The percentage of cell inhibition is
determined by using the following formula:

Percentage of cell inhibition (%)
= 100-Viability of cell (%)

The percentage of cell inhibition (%)
versus treatment concentration (mg/mL)
was plotted based on the data obtained.
The concentration that inhibits 50% of the
cells (ICso) was obtained by extrapolating
the graphs constructed on the viability test.

Treatment of Cells with Phyllanthus
debilis for Determination of DNA
Methylation at LINE-1, and Alu
Repeats Sequence

HT29 cells were seeded at their optimal cell
density (0.4 x 10° cells/well) in a 6-well
plate in RPMI-1640 medium (Gibco™,
USA) supplemented with 10% fetal bovine
serum (Gibco™, USA) and 1% penicillin-
streptomycin (Gibco™, USA). Cells were
maintained at 37 °C in a 5% carbon dioxide
(CO,) atmosphere. ICs, of the P. debilis

Number of viable cell from experimental control) x 100

(0.1 mg/mL) was used to treat the HT-29
cell line. Stock solution (0.1 mg/mL) was
prepared by diluting the crude extracts in
RPMI for treatment. 5-aza-2-deoxycytidine
(Acros, USA) was used as a positive
control in methylation study as the drug
act as an epigenetic modulator. 5-aza-
2-deoxycytidine stock solution (4.382
mM) was prepared by dissolving 1 mg of
5-aza-2-deoxycytidine (molecular weight =
228.208 g/mol) in 1 mL dimethyl sulphoxide
(DMSO) (Sigma Aldrich, USA). The stock
solution was then diluted into 100 uM
in PBS (Gibco™, USA). Then, the stock
was diluted with cultured medium to the
concentration of 0.5 uM. The concentration
of 5-aza-2-deoxycytidine at 0.5 uM used
in this study was shown previously to
demethylate genes at genome-wide scale
(Ishiguro et al., 2007; Khamas et al., 2012).
The working solutions of the drug were
freshly prepared before usage. When the
cells reached 80% confluency, the cells
were then treated with P. debilis extract and
5-aza-2-deoxycytidine at the concentration
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of 0.1 mg/mL and 0.5 uM, respectively.
Treatments were continued for three days
(72 hours) while replacing the RPMI-1640
medium and the treatment daily. Cells were
harvested after completing 72 hours of
treatments.

Bisulfite Modification of DNA

Genomic DNA of the HT-29 cells was
isolated using Wizard SV Genomic
DNA purification kit (Promega, USA)
following manufacturer protocol with slight
modifications. The cells were then bisulfite
modified by treating them to sodium bisulfite,
which selectively converts unmethylated
cytosine to uracil. Still, the 5-methylcytosine
is protected from deamination and is
preserved in the downstream reactions.
The bisulfite modification was conducted
using EZ DNA Methylation-Gold™ Kit
(Zymo Research, USA) by following
the manufacturer’s protocol with slight
modification. Briefly, 500 ng of DNA was
incubated with CT conversion reagent at
the following temperatures: 98 °C for 10
min, 64 °C for 2.5 h, held at 4 °C. Once
completed, the DNA was transferred to a
spin column, washed, and desulphonated.
It was further purified using wash buffer
before being eluted in 20 pL deionised
water. The bisulfite modified DNA was kept
at 4 °C for further use.

Polymerase Chain Reaction (PCR) and
Pyrosequencing

HT-29 cells were assayed at the repeat
sequences of A/u and LINE-1. Each sample
was biologically and technically replicated

four times. LINE-1 and Alu sequences and
primers followed Lisanti et al. (2013). Two
microliters (2 pL) of bisulfite modified DNA
were used in a polymerase chain reaction
(PCR) containing a total volume of 25 pL
reaction. The reaction includes 12.5 pL
GoTaq Green master mix (Promega, USA),
400 nM forward primer, and 400 nM biotin-
labelled reverse primer. The biotinylated
labelled reverse primer was used to capture
a single-stranded DNA template for the
Pyrosequencing assay later. PCR condition
was carried out using the following a three-
step protocol: an initial denaturation step at
95 °C for 15 min, then 50 cycles of 95 °C
for 15 s and annealing temperature 50 °C for
30 s, followed with 72 °C for 30 s, and final
elongation step at 72 °C for 5 min. About
5 uL of PCR product was subjected to gel
electrophoresis to confirm the amplicon size
of LINE-1 and Alu.

The biotin-labelled PCR product was
then captured with Streptavidin Sepharose
beads (Qiagen, Germany) using a
Pyrosequencing Vacuum Prep Tool (Qiagen,
Germany). It was made into single-stranded
DNA. The single-stranded DNA was then
annealed to the sequencing primer and was
heated to 80 °C for 5 min and allowed to cool
to room temperature. Pyrosequencing was
then carried out on a PyroMark ID (Qiagen,
Germany). The percentage of methylation
at the target cytosine-guanine dinucleotide
(CpG) sites was quantified using PyroMark
Q96 2.5.8 software (Qiagen, Germany). The
primers used in PCR and Pyrosequencing
and sequence to analyse LINE-1 and Alu
were shown in Tables 1, 2, and 3.
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Table 1

The primers sequences of LINE-1 and Alu repeat sequences used in the PCR reaction and Pyrosequencing

Assay Forward primer Biotinylated labelled reverse primer

LINE-1 5>-TTTTGAGTTAGGTGTGGGATATA-3’ 5’-AAAATCAAAAAATTCCCTTTC-3’

ALU S-TTTTTTTTTAAAGGTTATG-3’ 5’-TCTATCCCTAAAATTAAAA-3’
Table 2

The sequencing primer of LINE-1 and Alu repeat sequences used in the Pyrosequencing assay

Assay Sequencing primer

LINE-1 5’-AGTTAGGTGTGGGATATAGT-3’

Alu S>-TTTTTTTTTAAAGGTTATG-3’
Table 3

Sequence to analyse for PyroMark CpG assays

Assay Sequence to analyse
LINE-1 5’-TTC/TGTGGTGC/TGTC/TG-3’
Alu 5’-TC/TG-3
Statistical Analysis Measurement of Alu and LINE-1 DNA

Comparison between 2 groups of treatments
was made using student #-test (SPSS Version
24). All the data presented as mean +
standard deviation (SD).

RESULTS

The Effect of Phyllanthus debilis
Methanolic Extract Towards Viability
of HT-29 Cell Line

The effect of P. debilis methanolic extract
on the viability of HT-29 was evaluated.
Figure 1 shows the results of the effect of
P. debilis methanolic extract on the viability
of HT29 cells. The effect of P. debilis
methanolic extract on the viability of HT-
29 cells was dose-dependent manner. The
1Cs, concentration of P. debilis methanolic
extract was 0.1 mg/mL.

Methylation in HT29 Cells

The methylation changes of A/u and LINE-
1 repeat elements as a surrogate marker for
global methylation were measured. DNA
methylation was measured at one CpG
site in the A/u sequence (Figure 2) and 3
CpG sites in the LINE-1 repeat sequence.
For LINE-1, data were presented as mean
methylation of all 3 CpG sites (Figure
3). The methylation changes at targeted
CpG sites of the untreated cells were
compared with the methylation changes of
the treated cells with P. debilis and 5-aza-2-
deoxycytidine for 72 hours.

For Alu methylation, treatment with
5-aza-2-deoxycytidine showed higher
DNA methylation when compared with the
untreated HT-29 cells (46.0 + 2.3% vs 32.3
+ 4.0, p<0.05). Similarly, treatment with P
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debilis also significantly increased the DNA
methylation compared with the untreated
HT-29 cells (37.0 £ 2.8% vs 32.3 + 4.3%,
p<0.05).

For LINE-1, compared with untreated
cells, the average DNA methylation showed

a significant increase of LINE-1 methylation
when treated with 5-aza-2-deoxycytidine
(81.8 £4.3% vs 76.3 £ 2.1%, p<0.05) and
with P. debilis (80.3 = 1.3% vs 76.3 £2.1%,
<0.05).

Percentage of Inhibition of Colon Cancer Cell Line (HT-29) Treated with
Phyllanthus debilis Methanolic Extracts

120
110
100

Percentage (%)
W
(=}

0.6 0.8 1

Concentration (mg/mL)

Figure 1. The inhibition of Phyllanthus debilis methanolic extract on HT-29 cell line. HT-29 were treated with
different concentrations of P. debilis methanolic extract for 24 hours

The Methylation of Alu element in HT-29 Cell Line

60

50

Methylation (%)
W
(=}

= Control

Treatment

W Phyllanthus debilis

™ 5-aza-2-deoxycytidine

Figure 2. The methylation of 4/u element in the untreated cells and cells treated with Phyllanthus debilis

and 5-aza-2-deoxycytidine

Note. * Denotes significant difference in DNA methylation of 4/u when compared with untreated cells

(p<0.05)
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The Methylation of LINE! in HT-29 Cell Line

88

86

84

Methylation (%)
= ~
N oo

= Control

m Phyllanthus debilis

Treatment

= 5-aza-2-deoxycytidine

Figure 3. The methylation of LINE-1 in the untreated cells and cells treated with Phyllanthus debilis and

S-aza-2-deoxycytidine

Note. * Denotes significant difference in DNA methylation of LINE-1 when compared with untreated cells

(9<0.05)

DISCUSSION

Genome-wide DNA hypomethylation
plays an important role in epigenomic
and genomic instability and colorectal
carcinogenesis (Natsume et al., 2008).
Human DNA contains large numbers of non-
coding repeat sequences, the most studied
sequences being LINE-1 and Alu repeats.
LINE-1 repeat sequences constitute about
17% of the human genome, while A/u repeats
constitute about 11% of the human genome
(Lander, 2001; Sellis et al., 2007). Changes
in methylation at these repeat sequences may
affect genome-wide methylation changes,
and these changes could be monitored and
measured as a surrogate marker for genome-
wide methylation status (So et al., 1996).
A simple method was used to measure

global DNA methylation using bisulfite
PCR of DNA repetitive elements, and
pyrosequenced was carried out by Lisanti
et al. (2013). Lisanti et al. (2013) showed a
strong correlation between Alu and LINE-
1 methylation with global methylation,
analysed by high-performance liquid
chromatography (HPLC), in which HPLC
was considered a gold standard in measuring
genome global DNA methylation.
Genomic hypomethylation
demonstrated by downregulation of
methylated CpG dinucleotides, which
disperse throughout the genomes in non-
coding repetitive sequences, has been
recognised as a common epigenetic change
during cancer development (Feinberg
& Tycko, 2004; Sugimura & Ushijima,
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2000). It has been proposed that genome
hypomethylation contributes to oncogenesis
by activating oncogenes, such as c-Myc and
H-RAS75, activating latent retrotransposons,
or causing chromosome instability (Das
& Singal, 2004). Global hypomethylation
in colon, liver, bladder, oesophagus, head
and neck, prostate, stomach, breast, and
lung carcinomas tissues was common
observations compared to their normal
tissue counterparts (Chalitchagorn et al.,
2004).

Global DNA methylation, measured
by HPLC, LINE-I and Alu assays were
lower in colorectal tumour tissue than
in paired normal tissue (Natsume et al.,
2008). Hypomethylation of A/u and LINE-
1 has been reported as early events in the
multistep carcinogenesis of colorectal
cancer (Chalitchagorn et al., 2004; Kwon et
al., 2010; Lee et al., 2009). Hypomethylation
of transposable elements, such as A/u
and LINE-1, causes transcriptional
activation, resulting in transposable element
retrotransposition, chromosome alteration,
and thus genomic instability (Bae et al.,
2012; Saito et al., 2010). On the other hand,
CpG sites within Alu and LINE-1 are usually
methylated in normal cells, thus maintaining
transcriptional inactivation and inhibiting
retrotransposition (Yoder et al., 1997).

This study showed that the treatment
with P. debilis induces anti-proliferation
to HT-29 cells at 0.1 mg/mL with an
observable small significant increase in
DNA methylation of LINE-1 and Alu
element in HT-29 cells compared with the
untreated cells. Furthermore, the changes

observed due to the treatment of P. debilis
were also seen when the HT-29 cells were
treated with 5-aza-2-deoxycytidine at a
low dose (0.5 uM), which showed a similar
increase in DNA methylation of LINE-1
and Alu but with higher methylation when
compared with P. debilis.

Although 5-aza-2-deoxycytidine is
a drug that can demethylate global and
gene-specific regions (Momparler, 2013),
this study showed a reverse pattern of
methylation where it was found that 5-aza-
2-deoxycytidine at the dose of 0.5 uM
increase the LINE-1 and Alu methylation.
Whether the observations made on the effect
of 5-aza-2-deoxycytidine at a low dose
and P. debilis methanolic extract happened
only in HT-29 cells or whether the findings
were specifically at the LINE-1 and Alu
target sequences in this study need further
evaluation.

A previous study on breast cancer cell
lines and normal cell lines showed that
P. debilis methanolic extract targets the
cancer cells while sparing the normal cells
(Omar & Zain, 2018). Furthermore, at the
gene-specific level, P. debilis methanolic
extract was able to reduce the 74C1 DNA
methylation (Zain & Omar, 2020). Thus,
the specific target of P. debilis methanolic
extract on cancer cells, and the increasing
level of global methylation as observed in
this study with increasing LINE-1 and Alu
methylation may reduce the proliferative
ability of the colorectal cancer cells.
Whether these changes may sensitise the
cell to undergo apoptosis should further be
tested and studied.
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CONCLUSION

Treatment of Phyllanthus debilis methanolic
extract on HT-29 cell line induced anti-
proliferation of HT-29 cells with an increase
of the methylation of A/u and LINE-1.
Furthermore, increased methylation of
Alu and LINE-1 was also seen in the
5-aza-2-deoxycytidine treatment. Thus,
the methylation changes in 4/u and LINE-
1 by P. debilis methanolic extract may
contribute to its anti-cancer properties,
and its regulation on the DNA methylation
should be further studied.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge
the financial support from the Research
University Grant, Universiti Sains Malaysia
(Grant No:1001/CIPPT/8012317).

REFERENCES
Ahmed, B., Khan, S., Verma, A., & Habibullah. (2009).

Antihepatotoxic activity of debelalactone, a new
oxirano-furanocoumarin from Phyllanthus
debilis. Journal of Asian Natural Products
Research, 11(8), 687—692. https://doi.
org/10.1080/10286020802621864

Bae, J. M., Shin, S., Kwon, H., Park, S.,
Kook, M. C., Kim, Y., Cho, N., Kim, N.,
Kim, T., Kim, D., & Kang, G. H. (2012).
ALU and LINE-1 hypomethylations in
multistep gastric carcinogenesis and their
prognostic implications. International Journal
of Cancer, 131(6), 1323-1331. https://doi.
org/10.1002/ijc.27369

Chalitchagorn, K., Shuangshoti, S., Hourpai, N.,
Kongruttanachok, N., Tangkijvanich, P.,
Thong-ngam, D., Voravud, N., Sriuranpong, V.,
& Mutirangura, A. (2004). Distinctive

pattern of L/INE-1 methylation level
in normal tissues and the association with
carcinogenesis. Oncogene, 23(54), 8841-
8846. https://doi.org/10.1038/sj.onc.1208137

Chandrashekar, K. S., Joshi, A. B., Satyanarayana, D.,
& Pai, P. (2005). Analgesic and anti-
inflammatory activities of Phyllanthus
debilis. Whole plant. Pharmaceutical
Biology, 43(7), 586-588. https://doi.
org/10.1080/13880200500301670

Das, P. M., & Singal, R. (2004). DNA methylation and
cancer. Journal of Clinical Oncology, 22(22),
4632-4642. https://doi.org/10.1200/
j€0.2004.07.151

Ehrlich, M. (2002). DNA methylation in cancer: Too
much, but also too little. Oncogene, 21(35), 5400-
5413. https://doi.org/10.1038/sj.onc.1205651

Feinberg, A. P., & Tycko, B. (2004). The history of
cancer epigenetics. Nature Reviews Cancer, 4(2),
143-153. https://doi.org/10.1038/nrc1279

Fraga, M. F., Herranz, M., Espada, J., Ballestar, E.,
Paz, M. F,, Ropero, S., Erkek, E., Bozdogan, O.,
Peinado, H., Niveleau, A., Mao, J., Balmain, A.,
Cano, A., & Esteller, M. (2004). A mouse
skin multistage carcinogenesis model reflects
the aberrant DNA methylation patterns of
human tumors. Cancer Research, 64(16),
5527-5534. https://doi.org/10.1158/0008-5472.
can-03-4061

Ishiguro, M., lida, S., Uetake, H., Morita, S.,
Makino, H., Kato, K., Takagi, Y., Enomoto, M.,
& Sugihara, K. (2007). Effect of combined
therapy with low-dose 5-aza-2'-deoxycytidine
and irinotecan on colon cancer cell line HCT-
15. Annals of Surgical Oncology, 14(5), 1752-
1762. https://doi.org/10.1245/5s10434-006-
9285-4

Khamas, A., Ishikawa, T., Mogushi, K., lida, S.,
Ishiguro, M., Tanaka, H., Uetake, H., &
Sugihara, K. (2012). Genome-wide screening
for methylation-silenced genes in colorectal

34 Pertanika J. Trop. Agric. Sci. 45 (1): 25 - 36 (2022)



Phyllanthus debilis Extract Increases LINE-1 and Alu Methylation

cancer. International Journal of Oncology, 41(2),
490-496. https://doi.org/10.3892/ij0.2012.1500

Kumaran, A., & Joel Karunakaran, R. (2007). In vitro
antioxidant activities of methanol extracts of five
Phyllanthus species from India. LWT - Food
Science and Technology, 40(2), 344-352. https://
doi.org/10.1016/j.1wt.2005.09.011

Kwon, H., Kim, J. H., Bae, J. M., Cho, N., Kim, T.,
& Kang, G. H. (2010). DNA methylation
changes in ex-adenoma carcinoma of the
large intestine. Virchows Archiv, 457(4), 433-
441. https://doi.org/10.1007/s00428-010-0958-9

Lander, E. S. (2011). Initial impact of the sequencing
of the human genome. Nature, 470(7333), 187-
197. https://doi.org/10.1038/nature09792

Lee, H. S., Kim, B., Cho, N., Yoo, E. J., Choi, M.,
Shin, S., Jang, J., Suh, K., Kim, Y. S., &
Kang, G. H. (2009). Prognostic implications
of and relationship between CPG island
hypermethylation and repetitive DNA
hypomethylation in hepatocellular
carcinoma. Clinical Cancer Research, 15(3),
812-820. https://doi.org/10.1158/1078-0432.
ccr-08-0266

Lisanti, S., Omar, W. A., Tomaszewski, B., De
Prins, S., Jacobs, G., Koppen, G., Mathers, J. C.,
& Langie, S. A. (2013). Comparison of methods
for quantification of global DNA methylation
in human cells and tissues. PLOS One, 8(11),
e79044. https://doi.org/10.1371/journal.
pone.0079044

Momparler, R. L. (2013). Epigenetic therapy of non-
small cell lung cancer using decitabine (5-aza-
2'-deoxycytidine). Frontiers in Oncology, 3,
188. https://doi.org/10.3389/fonc.2013.00188

Natsume, A., Wakabayashi, T., Tsujimura, K.,
Shimato, S., Ito, M., Kuzushima, K., Kondo, Y.,
Sekido, Y., Kawatsura, H., Narita, Y., & Yoshida, J.
(2008). The DNA demethylating agent 5-aza-2'-
deoxycytidine activates NY-ESO-1 antigenicity

in orthotopic human glioma. /nternational

Journal of Cancer, 122(11), 2542-2553. https://
doi.org/10.1002/ijc.23407

Omar, W. A. W., & Zain, S. N. D. M. (2018).
Therapeutic index of methanolic extracts of
three Malaysian Phyllanthus species on MCF-
7 and MCF-10A cell lines. Pharmacognosy
Journal, 10(6s), s30-s32. https://doi.org/10.5530/
pj-2018.6s.5

Rodi¢, N., & Burns, K. H. (2013). Long interspersed
element—1 (LINE-1): Passenger or driver in
human neoplasms?. PLOS Genetics, 9(3),
¢1003402. https://doi.org/10.1371/journal.
pgen.1003402

Saito, K., Kawakami, K., Matsumoto, 1., Oda, M.,
Watanabe, G., & Minamoto, T. (2010). Long
interspersed nuclear element 1 hypomethylation
is a marker of poor prognosis in stage 1A
non—small cell lung cancer. Clinical Cancer
Research, 16(8), 2418-2426. https://doi.
org/10.1158/1078-0432.ccr-09-2819

Sarin, B., Verma, N., Martin, J. P., & Mohanty, A. (2014).
An overview of important ethnomedicinal herbs
of Phyllanthus species: Present status and future
prospects. The Scientific World Journal, 2014,
839172. https://doi.org/10.1155/2014/839172

Sellis, D., Provata, A., & Almirantis, Y. (2007).
Alu and LINE-1 distributions in the human
chromosomes: Evidence of global genomic
organization expressed in the form of power
laws. Molecular Biology and Evolution, 24(11),
2385-2399. https://doi.org/10.1093/molbev/
msm181

Sharma, G., Mirza, S., Parshad, R., Srivastava, A.,
Gupta, S. D., Pandya, P., & Ralhan, R.
(2010). Clinical significance of promoter
hypermethylation of DNA repair genes in
tumor and serum DNA in invasive ductal breast
carcinoma patients. Life Sciences, 87(3-4), 83-
91. https://doi.org/10.1016/].1f5.2010.05.001

So, F. V., Guthrie, N., Chambers, A. F., Moussa, M.,
& Carroll, K. K. (1996). Inhibition

Pertanika J. Trop. Agric. Sci. 45 (1): 25 - 36 (2022) 35



Siti Nur Dalila Mohd Zain and Wan Adnan Wan Omar

of human breast cancer cell proliferation
and delay of mammary tumorigenesis
by flavonoids and citrus juices. Nutrition
and Cancer, 26(2), 167-181. https://doi.
org/10.1080/01635589609514473

Sugimura, T., & Ushijima, T. (2000). Genetic and

epigenetic alterations in carcinogenesis. Mutation
Research/Reviews in Mutation Research, 462(2-
3), 235-246. https://doi.org/10.1016/s1383-
5742(00)00005-3

Wanniarachchi, K. K., Peiris, L. D., &

36

Ratnasooriya, W. (2009). Antihyperglycemic and
hypoglycemic activities of Phyllanthus debilis
aqueous plant extract in mice. Pharmaceutical
Biology, 47(3), 260-265. https://doi.
org/10.1080/13880200802435754

Whitelaw, E., & Martin, D. I. (2001). Retrotransposons
as epigenetic mediators of phenotypic variation
in mammals. Nature Genetics, 27(4), 361-
365. https://doi.org/10.1038/86850

Yoder, J. A., Walsh, C. P., & Bestor, T. H. (1997).
Cytosine methylation and the ecology of
intragenomic parasites. Trends in Genetics, 13(8),
335-340. https://doi.org/10.1016/s0168-
9525(97)01181-5

Zain, S. N. D. M., & Omar, W. A. W. (2020).
The effect of Phyllanthus debilis methanolic
extract on DNA methylation of 74C/ gene in
colorectal cancer cell line. Pharmacognosy
Magazine, 16(67), 57. https://doi.org/10.4103/
pm.pm 226 19

Pertanika J. Trop. Agric. Sci. 45 (1): 25 - 36 (2022)



