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Abstract 

Estrogen receptor (ER) and the Piwi-Like Protein 1 (PIWIL1) oncogene alter the expression and methylation of oncogenes 
and tumor suppressor genes. Potential cross-talk between ER and the methylated-DNA binding protein, Kaiso, and its 
downstream genes c-Myc and CDKN2A remains unexplored. Dual targeting of ER and PIWIL1 might be an excellent 
therapeutic approach. We aimed to explore natural drug that exerted anti-carcinogenicity in MCF-7 and MDA-MBA-231 with 
high efficacy and its mode of action. Initially, we used in silico molecular docking to identify potential blockers for ER and 
PIWIL1 among seven natural drugs previously reported anticancer compounds. The best candidate was tested in vitro for its 
influence on KAISO expression by RT-PCR, promoter methylation of c-Myc and CDKN2A by methylation-specific PCR, 
cell cycle and apoptosis by flowcytometry, and cytotoxicity by MTT assay in the ER(+) MCF-7, and ER(−) MDA-231-MB 
breast cancer cell lines. Betulinic acid (BA) docked ER-α and PIWIL1 perfectly at critical amino acids with the lowest 
binding energy. Moreover, ER and PIWIL1 docked Kaiso with root mean square deviation = 5.05 Å and 4.75 Å, respectively, 
at the critical amino acid Y537. Experimentally, BA caused a dose-dependent cytotoxicity in both MCF-7 and MDA-MB-231 
cells (IC50= 21.3 ± 0.05 and 100 ± 0.34 µM), respectively. BA caused a significant dose-dependent G0/G1 cell cycle arrest, 
apoptosis induction, and upregulated Kaiso expression coincided with increased methylation of c-Myc and demethylation of 
CDKN2A promoter regions. We are proposing a novel anticancer mechanism of action for BA via potential inhibition of 
Estrogen-ER-α and PIWIL1 signaling, modulation of KAISO expression and selective alterations in methylation state of c-
Myc and CDKN2A key cancer-associated genes. 
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1. Introduction 

Worldwide, breast cancer (BC) is the most 
common type of cancer among women. Although 
many adjuvant therapies have been approved and 
treatment protocols have advanced significantly, BC 
rates remain the highest in high-income countries [1]. 

The development of BC involves both genetic and 
epigenetic alterations. Several epigenetic alterations 
that contribute to drug resistance in BC were 
identified, and epigenetic-based therapies may be 
used to treat these abnormalities [2]. Hormone-
dependent estrogen receptor-positive ER (+) breast 
cancer accounts for over 75% of all breast cancers in 
women [3]. Estrogen receptors alpha (ERα) and beta 
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(ERβ) are nuclear transcription factors that regulate 

several physiological processes in different systems, 
including the reproductive, skeletal, cardiovascular, 
and nervous systems. While ERβ levels are reduced 

in tumor cells, ERα, on the contrary, is abundantly 

expressed in the majority of breast malignancies and 
has been associated with prognosis and response to 
hormonal therapy [4]. The identification of 
compounds possessing ERα specificity still 

constitutes a major challenge, and selective estrogen 
receptor modulators that target and block Estrogen-
ERα signaling such as Tamoxifen, an ERα antagonist 
are being used in the adjuvant treatment of hormone-
sensitive cancers [5].  However, Tamoxifen 
resistance and side effects were reported during 
treatment [6]. 

PIWI-like protein 1 (PIWIL1) is a PIWI RNA-
binding protein that plays an essential role in RNA 
silencing, proliferation and epigenetic regulation, stem 
cell maintenance, genomic integrity, epithelial -
mesenchymal transition (EMT) and metastasis, and 
PIWIL1 was classified as an upregulated oncogene that 
is overexpressed in different cancers including gastric 
cancer, lung cancer and breast cancer [7]. Several 
studies have shown that Estrogen-mediated signalling 
could regulate the expression of the PIWI family, but 
the molecular basis for such correlation is yet unknown. 
Moreover, the identification or investigation of the 
effect of potential inhibitors to PIWIL1 on cancer 
progression is still unreported [8-10]. 

Transcription factor Kaiso (POZ/BTB family 
protein) is a major member of the Zinc finger protein 
family of methyl-CpG-binding proteins (MBPs), and 
has been shown to modulate normal gene expression 
and tumorigenesis by regulating the transcription of 
certain genes involved in cell division, apoptosis, 
migration, and invasion [11]. The role of Kaiso in 
cancer remains largely controversial even within the 
same tissue type since it was reported to be 
implicated in tumor-cell proliferation either through 
pro-oncogenic [12] or tumor-suppressive roles [13] 
via binding to both methylated and non-methylated 
DNA motifs [14]. Kaiso modulates the gene 
expression, epigenetic status, and actions of two 
nuclear proteins that participate in the proliferation, 
differentiation, senescence, and apoptosis of cells, c-
Myc proto-oncogene [15] and p16Ink4a protein 
encoded by the cyclin-dependent kinase inhibitor 2A 
(CDKN2A) tumor suppressor gene [16], 
dysregulation of these two-cell cycle-controlling 

genes is frequently associated with various types of 
human cancer [17]. Notably, Kaplun D et al, have 
recently reported that Kaiso could modulate the 
methylation status and therefore, the activity of ER 
binding site [18]. 

Many dietary substances have significant anti-
tumor effects by reverting epigenetic changes 
associated with oncogene activation and tumor 
suppressor gene inactivation [19]. The antitumor 
effect of natural substances such as Acacetin [20], 
Coumarin [21], Tryptanthrin [22], Arteminisin [23], 
Ferulic acid [24], Calcitriol [25], and Betulinic acid 
(BA) [26] was previously reported. BA is a natural 
pentacyclic triterpene isolated from birch trees, it has 
a potential against many diseases such as viral 
infection, inflammation, and different types of 
cancers [27].  

Although the efficacy of BA in the treatment of 
cancer cells might be investigated before, however, 
novel molecular targets and potential epigenetic 
modulatory actions remain unexplored. 

This study aims to screen several natural plant-
derived anticancer compounds to identify potential, 
and the most potent inhibitor for ERα and PIWIL1 by 
in silico virtual molecular docking study. Then, an in 

vitro study on the ER(+) MCF-7, and ER(−) MDA-
231-MB BC cell lines was performed to investigate 
the effect of the best-selected candidate on KAISO 
mRNA expression, the methylation status of c-Myc 
and CDKN2A genes, cell cycle progression, 
apoptosis induction, and cytotoxicity. 

2. Materials and Methods 

2.1. In Silico Study 

2.1.1. Drugs Docking 

Docking of Acacetin, Coumarin, Tryptanthrin, 
Arteminisin, Ferulic acid, Calcitriol, and Betulinic acid 
to both ERα (PDB DOI: 10.2210/pdb3ERT/pdb) and 
PIWIL1 PAZ domain (PDB DOI: 10.2210/ 
pdb2L5C/pdb) was done using ChemSketch, Avogadro 
energy for drug optimization, Spdbv for energy 
optimization of 3ERT and PIWIL1, discovery studio 
2021 for visualization tool of ligand-receptor, 
iGemodock for molecular docking.  

http://doi.org/10.2210/pdb3ERT/pdb
http://doi.org/10.2210/pdb2L5C/pdb
http://doi.org/10.2210/pdb2L5C/pdb
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2.1.2. Molecular Docking 

ClusPro was used for molecular docking to evaluate 
the protein-protein interactions between 3ERT, 
PIWIL1, Kaiso (PDB DOI: 10.2210/ pdb6DF5/pdb) 
which consists of one chain (A;134 a.a.) and two 
nucleotides polymers D and E, each consists of 18 
nucleotides (nt), CDKN2A 1A5E (PDB 
DOI: 10.2210/pdb1A5E/pdb) and c-Myc 7C36 (PDB 
DOI: 10.2210/pdb7C36/pdb). In addition, Pymol was 
used to visualize the protein-protein interaction and 
Prodigy provided us with the binding affinity (ΔG) and 

the dissociation constant (Kd) values. 

2.2. In vitro study 

2.2.1. Chemical reagents 

All reagents and chemicals were of analytical grade 
and purchased from Sigma-Aldrich (St. Louis, MO, 
USA), Betulinic acid (BA) powder was purchased 
from Sigma Aldrich, USA (Cat # 472-15-1), then was 
dissolved in DMSO from Sigma Aldrich (Cat #67-68-
5). Betulinic acid was dissolved in 0.1% DMSO. 

2.2.2. Cell Culture and BA treatment 

The study was conducted on the MCF-7 and 
MDA-MB-231 human breast cancer cell lines. Cells 
were obtained from the American Type Culture 
Collection (ATCC), Rockville, MD, USA, and 
cultured according to standard mammalian tissue 
culture protocols and sterile techniques. In all 
treatment protocols, both cell lines were either treated 
with 0.1% DMSO (control) or with the 
predetermined low dose of 10% IC50 or high dose 
IC50 of BA for 48 hours before the respective 
analysis. All experiments were independently 
repeated at least 3 times. 

2.2.3. Cytotoxicity measurement assay (MTT 

assay) 

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) colorimetric assay was 
performed to examine the effect of 48 hours of BA 
treatment on the cell viability against the MDA-MB-
231 and MCF-7 cells. The IC50 values for BA were 
calculated by nonlinear regression of the dose-

response curve for both cell lines as previously 
described [28].  

2.2.4. Analysis of cell cycle by Flow cytometry 

MCF-7 and MDA-MB-231 cells (1 × 106 cells/ml) 
were seeded in 6-well plates and incubated overnight 
to reach exponential growth before the cells were 
treated with BA (IC50 and 10% of IC50) for 48 hours. 
After treatment, control and treated cells were 
collected by trypsiniztion and washed twice with cold 
PBS, and fixed in 70% ethanol. Immediately before 
the analysis, cells were washed with PBS and stained 
with a solution containing 400 μl PI for 30 min at 
4 °C and 100 μl RNase A for 30 min at 37 °C. The 
distribution of cells in the cell cycle was measured at 
488 nm by BD FACSCalibur™ with proper settings.  

2.2.5. Apoptosis analysis by Flow cytometry using 

Annexin V-FITC and PI staining. 

Analysis of the cell death mechanism by flow 
cytometry was performed by double staining of 
MDA-MB-231 and MCF-7 cells by Annexin V-FITC 
and PI as described [29]. In brief, after exposure to 
BA for 48 hours, cells were trypsinized and collected, 
and rinsed in cold PBS. After washing, 1 × 106 cells 
were stained with AnnexinV-FITC and PI in the dark 
for 15 min at room temperature before the cells were 
pelleted and analyzed using BD FACSCalibur™. 

2.2.6. RNA extraction, cDNA synthesis and 

quantitative real-time PCR 

All reagents and kits for RNA extraction, cDNA 
synthesis, and RT- PCR were purchased from 
(Thermo Fisher Scientific, Waltham, MA, USA 
Scientific) and experiments were performed 
according to the manufacturer's instructions. In brief, 
after each treatment, total RNA was isolated from 
MCF-7 and MDA-MB-231 cells using the Gene JET 
RNA Purification Kit. The RNA concentration and 
purity were assessed by nanodrop spectrophotometer 
at 260/280 and 260/230 nm and the ratio were ~ 2.0 - 
2.2 indicating a high-purity RNA. The extracted 
mRNA was reverse-transcribed to generate first-
strand cDNA using the MultiScribe Reverse 
Transcriptase. Finally, real-time PCR was performed 
using the TaqMan Universal Master Mix II and the 
TaqMan KAISO Gene Expression Assay kit. The 
PCR amplification conditions consisted of 10 min at 

http://doi.org/10.2210/pdb6DF5/pdb
http://doi.org/10.2210/pdb1A5E/pdb
http://doi.org/10.2210/pdb7C36/pdb
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95 °C followed by 40 cycles of denaturation at 95 °C 
for 15 s, annealing for 15 s at 60 °C and extension for 
15 s at 72 °C. Relative expression for the KAISO 
gene was calculated by the comparative 2-ΔΔCt 

method using the endogenous β-actin as a 
housekeeping gene. 

2.2.7.  Analysis of Methylation status of c-Myc 

and CDKN2A promoter by methylation-

specific PCR (MSP) 

Genomic DNA was isolated from control and BA-
treated MCF-7 and MDA-MB-231 cells using the 
QIAamp DNA Mini Kit (QIAGEN, MD, USA) 
following to manufacturer's instructions. The 
methylation status of the CpG islands in the promoter 
regions of c-Myc and CDKN2A were determined by 
bisulfite modification that was performed using the 
EpiTect Fast Bisulfite Conversion Kit (QIAGEN, 
MD, USA) followed by MSP-PCR that was carried 
out using specific primers for methylated (M) and 
unmethylated (U) c-Myc and CDKN2A genes, 2 µg 
of DNA were used/reaction. The Methprimer [30] 
software (http://www.urogene.org/cgi-bin/ meth 
primer2/MethPrimer.cgi), was used for the 
identification of the potential CG island promoter-
rich regions and the MSP primer design for both 
genes. Primer sequence, product size and accession 
number for both c-Myc and CDKN2A genes are 
illustrated in Table 1. The PCR conditions were as 
follows:  5 min at 94 °C followed by 40 cycles of: 
denaturation at 94 °C for 30 s, annealing for 30 s at 
60 °C and extension for 30 s at 72 °C. Finally, 10 µl 
of the final PCR products were separated by 
electrophoresis on a 1.0 % agarose gel at 100 mA for 
45 min and then visualized under UV illumination. 
The AccuBand™ 50 bp DNA Ladder II from 

(SMOBIO, Inc., Hsinchu, Taiwan) was used as a 
molecular weight marker. 

2.2.8. Statistical analysis 

Data were analyzed using IBM SPSS version 20. 
Statistical tests, one-way ANOVA, and Tukey post 
hoc were conducted for pairwise comparisons. Data 
are represented as mean ± SD of at least three 
independent experiments. A P-value less than 0.05 
was considered statistically significant. 

3. Results 

3.1. Drug docking 

Seven selected natural compounds were docked 
against 3ERT and PIWIL1. As shown in Table (2) 
and Figure (1), BA showed the most favourable 
conformation, as represented by the lowest free 
energy of binding (-85.59 Kcal/Mol) with PIWIL1. 
BA formed hydrogen bonds with Tyr 526 with a 
distance of 2.71 Å in 3ERT and Asp 320, Arg370, 
and Gly378 in PIWIL1 with distances 4.42 Å, 5.73 
Å, and 3.65 Å, respectively. None of the screened 
products formed hydrogen bonds with the active 
binding sites in 3ERT (515-535) except calcitriol 
form one hydrogen bond with Arg515 with a distance 
of 5.40 Å which was longer than that with BA, in 
addition to two hydrogen bonds which were formed 
with Asn455 and Ser456 with distance 3.96 Å and 
3.87 Å in 3ERT. The binding energy between BA 
and 3ERT (-79.14 Kcal/ Mol) was lower than that 
with Calcitriol (-78.08 Kcal/ Mol.). Moreover, none 
of the screened natural products formed HB with one 
of the active binding sites of PIWIL1 (369-378). We 
found that kaiso binds to PIWIL1 (match align score 
11.000, RMSD = 0.473 Å). Kaiso binds to ER (3ert) 
and showed a match align score of 18.000 and 
RMSD = 5.036 (3 to 3 atoms). 

 
Fig.1. 3D images representing in silico natural compounds docking 
against  (a) estrogen receptor (3ERT) and (b) PIWIL1 (2L5C) with 
Betulinic acid Artemisinin, Calcitriol, Courmin, Ferulic acid, 
Tryptanthrin and Acacetin. 

3.2. Molecular Docking 

Molecular docking data showed that KAISO can 
bind to two crucial Tyrosine residues (Y526 and 
Y537), Methionine (Met421), and cysteine (C530) of 
3ERT, and many residues within the loop extended 
from 369 to 378 including R369 R370 P372 of 
PIWIL-1 with high efficiently as shown in Table (3) 
and Figure 2. 
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Fig.2. 3D images representing in silico molecular docking for 
protein-protein interaction between Kaiso protein (6DFB) in light 
brown and a): estrogen receptor (3ERT) in green, b): PIWIL1 
(2L5C) in cyan. (i) The PPI between the whole proteins structure, 
(ii) surface model of binding site, (iii) PPI between the studied 
proteins using distance cut-off 4.0 Å and (iv) PPI between the 
studied proteins using distance cut-off 3.5 Å. 

3.3. Cytotoxic effect of Betulinic acid on MCF-7 

and MDA-MB231 cells 

The MTT assay was used to evaluate cell viability 
after treatment of MCF-7 and MDA-MB231 cells 
with various BA concentrations. BA caused 
significant dose-dependent cytotoxicity in treated 
cells, the calculated IC50 against MCF-7 and MDA-
MB-231 were 21.3 ±0.05 µM and 100±0.34 µM, 
respectively, Figure 3. 

 

 
Fig.3. Growth inhibitory curves for the calculation of IC50 for BA in 
MCF-7 and MDA-MB-231 cell lines. Cells were exposed to different 
concentrations of BA for 48 hours, and cell viability was determined 
by MTT assay. Data are expressed as mean ± SD (n = 3). 

3.4. Morphological changes in MCF-7 and MDA-

MB231 cells treated with Betulinic acid  

Treatment with BA resulted in a dose-dependent 
morphological alteration in both MCF-7 and MDA-
MB-231 cells that are characteristic of unhealthy 
dying cells where they had lower proliferation rate 
and confluency, Figure 4. 

 
 

 
Fig.4. Representative images showing morphological changes in (a) 
MCF-7 and (b) MDA-MB-231 cell lines after treatment with different 
concentration of Betulinic acid. Cells were examined and photographed 
under inverted phase contrast microscope, 100x magnification. 

3.5. Betulinic acid arrests cell cycle in MCF-7 and 

MDA-MB-231 cells 

Cell cycle phase distribution was analyzed by flow 
cytometry for control and after treatment of MCF-7 
and MDA-MB-231 cells with 10% IC50 and IC50 BA 
for 48 hours, Figure 5. Treatment of MCF-7 cells 
with BA induced a dose-dependent G0/G1 cell cycle 
arrest; the percentage of cells in the G0/G1 phase was 
43.88±0.98% in control and 58.07±0.63% in IC50 (20 
µM) treated cells. Similarly, treatment of MDA-MB-
231 cells with BA induced a significant G0/G1 cell 
cycle arrest using IC50 (100 µM) dose that resulted in 
accumulation of cells in G0/G1 (57.83±0.58%) 
compared to control cells (41.52±0.93%). Moreover, 
Sub-G1 cells were significantly (P<0.05) increased 
by treatment with IC50 BA in MCF-7 (5.34±0.56%) 
and MDA-MB-231 cells (12.65±0.23%), compared to 
control MCF-7 and MDA-MB-231 cells (1.12% and 
4.35±0.45%), respectively. 

 
Fig.5. Assessment of cell cycle phase distribution by flow 
cytometry for (A) MCF-7 and (B) MDA-MB-231 cells lines. Cells 
were either 0.1% DMSO treated (control) or treated with 10% 
IC50 and IC50 of BA for 48 hours or cell cycle phases were 
analyzed by flowcytometry.   

3.6. Effect of BA treatment on cell death mechanism  

Cell death mechanism involved in the BA 
cytotoxic action was investigated after double 
staining of cells by Annexin V-FITC and PI as 
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prescribed earlier in materials & methods and 
analyzed by flow cytometry. Stained cells appeared 
as follows: viable (Annexin V-/PI-), early apoptotic 
(Annexin V+/PI-), late apoptotic (Annexin V+/PI+), 
and necrotic cells (Annexin V-/PI+), Figure 6. 

 
Fig.6. Assessment of apoptosis and necrosis in MCF-7 and MDA-
MB-321 after BA treatment for 48 hours. The upper panel shows 
cells stained with annexin V-FITC and PI, analyzed by 
flowcytometry. In lower panels, apoptotic (early + late) and 
necrotic cells are plotted and represented as percentage of total 
events. Data are expressed as mean ± standard deviation; n=3, 
(***p < 0.001) significantly different compared to control.  

 
In MCF-7 cells, treatment with 2.1 µM or 21 µM 

of BA caused a highly significant (p< 0.001) dose 
dependent increase in the percentage of cells 
undergoing early+late apoptosis (42.33±4.67% and 
68.99±7.07%) compared to control cells 
(4.55±0.35%), respectively. No significant change in 
necrotic cells was observed in any of the BA-treated 
MCF-7 cells compared to the control.  

Notably, treatment of MDA-MB-231 cells with BA 
caused a dose-dependent significant increase in both 
apoptotic and necrotic cells. Only treatment of MDA-
MB-231 cells with the high BA dose (100 µM), 
resulted in a significant (p< 0.001) increase in total 
apoptotic cells (31.96±3.9%), compared to control 
cells (2.55±0.4%). Simultaneously, the same treatment 
resulted in a significant increase in the percentage of 
necrotic cells compared to control (29.56±4.12% and 
2.67±0.32%), respectively. Figure 6. 

3.7. Betulinic acid upregulates Kaiso expression in 

MCF-7 and MDA-MB-231 cells 

MCF-7 and MDA-MB-231 cells were treated with 
the predetermined 10% IC50 or IC50 concentration of 
BA for 48 hours, and relative Kaiso gene expression 
was measured by real-time PCR (Figure 7). A 
statistically non-significant increase in Kaiso 
expression was observed in MCF-7 (p=0.060) and 
MDA-MB- 231 cells (P = 0.843) treated with 10% 
IC50 of BA, compared to control cells. On the other 
hand, treatment of cells with the higher IC50 dose 
caused a statistically significant increase in Kaiso 

expression by 14.27 fold (p<0.001) in MCF-7 and 
9.07-fold (p=0.004) in MDA-MB-231, compared to 
control and cells treated with 10% IC50 (BA). 
Therefore, collectively, BA treatment has caused a 
dose-dependent increase in Kaiso gene expression in 
both MCF-7 and MDA-MB-231 cells. 

 
Fig.7. Relative expression levels of Kaiso gene in MCF-7 and 
MDA-MB231 cells treated with 10% IC50 and IC50 of BA for 48 
hours. Real-time PCR reactions were performed, data are 
represented as mean of three replicates ± standard deviation (**p < 
0.005 and *** p < 0.001 compared to control). 

3.8. Promoter methylation analysis for CDKN2A 

and c-Myc genes 

The potential effect of BA treatment on the 
promoter methylation status of CDKN2A and c-Myc 
genes was investigated by MS-PCR analysis, Figure 
8. Data reveals that treatment of MCF-7 and MDA-
MB231 cells with BA caused a dose-dependent 
increase in the unmethylation of the CDKN2A gene 
compared to control in both cell lines. On the other 
hand, BA treatment increased the methylation of the 
c-Myc gene promoter in a dose-dependent manner in 
both models of cell lines tested. 

 
Fig.8. Representative Agarose gel electrophoresis for MS-PCR 
analysis showing the promoter methylation status for CDKN2A 
and c-Myc genes in MCF-7 and MDA-MB-231 cells in control and 
after treatment with 10% IC50 and IC50 of (BA) for 48 hours then 
analysis by MS-PCR followed by gel electrophoresis with a 50 bp 
DNA ladder. Amplification with the (M) primer reveals 
methylation, amplification with the (U) primer reveals de-
methylation, and amplification with both the (M) and (U) primers 
reveals partial methylation. The amplicon band size for the 
Unmethylated (U) CDKN2A is 152 bp and methylated (M) c-Myc 
is 116 bp.
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Table 1 

Primer sequence, product size and accession number for methylation-specific PCR for target genes 

Genes Primer 5’-3’ (Forward) Primer 5’-3’ (reverse) 
Product 

size 

Accession 

number 

c-Myc (M) GTTTCGTTTTTGGTTTAGTTTTTTC TATAAATTCCAATACAAAATACCCG 116 NG_007161 
c-Myc  (U) GGTTTTGTTTTTGGTTTAGTTTTTTT ATTCCAATACAAAATACCCACC 112 NG_007161 
CDKN2A (M) GATATTTTTTTAGTCGTATAGGTGATTTC TTCCTAACTACCAAATTAAATCGAA 150 X94154 
CDKN2A (U) GGATATTTTTTTAGTTGTATAGGTGATTTT CTTCCTAACTACCAAATTAAATCAAA 152 X94154 

M: Methylation PCR primers; U Unmethylation PCR primers  

Table 2 

Drug docking of estrogen receptor (3ERT) and PIWIL-1 (2L5C)  

Compounds 

3ERT PIWIL1 

Binding energy Interacted amino acid 

( type of bond) 

Binding energy Interacted amino acid 

( type of bond) E VDW HB Elec. E VDW HB Elec. 

Betulinic acid -79.14 -72.88 -6.25 0 Tyr526 (HB) -85.59 -63.8 -18.22 -3.57 Asp320, Arg370, 
Gly378(HB) 

Coumarin -67.35 -58.82 -8.53 0 
Ser468 (HB) 
Asp374 (PA) 

Phe461,Leu462,Lys467 (AB) 
-69.37 -60.87 -8.5 0 Lys315(HB) 

Ala335,Tyr345(AB) 

Tryptanthrin -87.39 -77.19 -10.2 0 

Lys449,Gly390(HB) 
Glu323,Arg394,Glu353 (VDW) 

Pro324 (PS), 
Ile326,Met357,Leu387(AB) 

-77.09 -68.05 -9.04 0 
Arg368,Met381(HB) 

Ala335,Pro379,Ala380 
(AB) 

Artemisinin -87.13 -70.27 -16.86 0 Gly390, Lys 449(HB) 
Pro324(AB) -82.78 -52.34 -30.44 0 

Tyr350(HB) 
Ty335,Tyr345, 

Ala380(AB) 

Acacetin -82.41 -64.59 -17.82 0 
Ala307,Ser317,Gly366,Asp369,P

he367 (HB) 
Leu310,Ala318, Pro365(AB) 

-76.75 -51.59 -22.11 -3.05 
Asp321,Ile322 (HB) 

Asp321,Trp324(VDW) 
Lys301,Ile304(AB) 

Ferulic Acid -69.06 -54 -13.97 -1.1 
Arg363,Asp369(HB) 

Pro365 (PS), Gly366 (PD),  
Als307,Leu310,Val368(AB) 

-85.02 -76.14 -17.88 0 
Thr316,Arg318, 

Arg368(HB) 
Lys315,Lys367(AB) 

Calcitriol -78.08 -64.74 -13.33 0 Asn455,Arg515, Ser456(HB) 
Ile451,Ile452,Leu508,leu511(AB) -81.74 -74.37 -7.36 0 

Asp269,Arg275,Asp356 
(HB) 

His271,Phe284(AB) 
 
HB: hydrogen bond, AB: alkyl bond, VDW: Van der Waals, PA: pi-anion bond, PS: pi-sigma bond, PD: pi-donor HB 

 
Table 3: Molecular docking between Kaiso (6df5), estrogen receptor (3ERT) and PIWIL1 (2l5c)  

Protein-protein interaction (PPI) Residues or nucleotide in P1 Residues in P2 RMSD (Å) 

Kaiso (6df5) (P1) vs PIWIL1 (2l5c) 

(P2) 

Pose 0. (chain D: DG9 DC10 DC11 
DA12 DA13 DA15 & chain E: DT21 

DA23 DT24 DT25 DG26 DA29 
DT5 DC6 DC7 DT8 DG9 DG30 DA32 
Pose 1. (chain D: DT1 DG2 DC3 DT4 
DT5 DC6 DC7 DT8 DG9) (chain E: 

DG30 DA32 DC35 DA36) 
Pose 2. (chain A: DG9 DC10 DC11 
DA12 DA13 DT14) (chain E: DG20 

DT22 DA23 DA29 DG30) 
 
 
 

Pose 0. V307 N313 N314 T316 Y317 
K334 A335 D336 G337 S338 E339 
Y345 Y350 K367 R369 R370 G371 
P379 A380 M381 T390 L392 M396 

R397 N398 
Pose 1. K311 Y312 N313 N314 T316 
Y317 D336 Y345 K348 Q349 Y350 
N351 Q352 P366 K367 R368 R369 

R370 G371 P372 G373 
Pose 2. Y312 N313 N314 K315 T316 
Y345 R347 K348 Q349 Y350 N351 

R368 R369 P372 

4.75 

Kaiso (6df5) (P1)  vs 3ERT (P2) 

Pose 0. (R501 Y503 S508 I515 & (nt 
chain D) DT1 DG2 DC3 DT4 DT5 DC7 
DT8&(nt chain E) DA33 DG34 DC35 

DA35) 
Pose 1. (chain A: V504 C505 S508) (nt 
chain D: DG9 DC10 DG18), (nt chain 

E: DC19 DG20 DT21 DT22) 
DG18 DC19 DG20 DT21 DT22 DA23 
Pose 2. chain A (Q596), chain D (DT8 
DC10 DA12 DA13), chain E  (DT22 

DA23 DT24 DT25 DG27 DA29 DG30) 

Pose 0. (E380 G457 V458 Y459 
T460 N519 M522 Y526 C530 K531 

Y537 
G457 V458 Y459 N519 M522) 
Pose 1. R412 K416 M421 V422 

D426 M427 G457 V458 Y459 N519 

M522 
 

Pose 2. S329 E330 Y331 D332 P333 
D351 R352 V355 C530 K531 V533 

V534 P535 D538 L539 M543 

5.05 

RMSD: root-mean-square deviation, Å: Angstrom 
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4. Discussion 

The effect of the naturally occurring BA in the 
treatment of cancer has been investigated before, 
however, molecular targets and mechanisms leading 
to such effect remain mostly unexplored. A previous 
study indicated the hormonal modulating action of 
BA via suppressing the ER signalling by reducing 
ERα mRNA and protein levels [31]. Meanwhile, 
none reported its potential ability to target amino acid 
residues within the active binding sites of ER or 
PIWIL1 polypeptides or investigated its role on the 
expression of Kaiso or the epigenetic alterations of  
c-Myc and CDKN2A genes.  

The current report aimed to screen and select a 
potential natural inhibitor for ERα and PIWIL1 

proteins via in silico molecular docking analysis. The 
effect of the selected compound which turned to be 
BA on KAISO mRNA levels, the methylation status 
of its downstream genes c-Myc and CDKN2A, cell 
cycle arrest, apoptosis or necrosis induction, and 
cytotoxicity was investigated. 

The in-silico study suggests that BA could block 
the active binding sites of ERα and PIWIL1 

efficiently after binding to Tyr526 in ERα with a 

short distance of 2.71 Å and low binding energy  
-79.14 Kcal/Mol, as well as binding to Arg370 and 
Gly378 in PIWIL1 with the lowest binding energy  
-85.59 Kcal/Mol. These residues play a crucial role in 
the regulation of ERα and PIWIL1 functions [32, 33]. 
This possible binding raises the possibility of a novel 
anticancer mechanism in which BA disrupts the ER 
and PIWIL1 signalling, inhibiting tumor progression. 

In this aspect, it has been shown that the amino 
acid residues between 515 and 535 at the C terminus 
of the human ER are critical for proper interaction 
with response elements in target genes, and hence 
play a critical role in its transcriptional activity. 
Different reports have also shown that 
phosphorylation at Serine and Tyrosine residues 
within the ER plays an important role in promoting 
receptor recycling between the cytoplasm and the 
nucleus, activation of heterodimerization, cell cycle 
regulation, and target gene transcription [34, 35]. As 
per our results, the binding of BA to Tyr526 may 
interfere with the activation of ligand action and the 
stimulation of ER dimerization. A previous study 
indicated the importance of post-translational 

methylation at Arginine residues by type I and type II 
of protein methyltransferases to the binding activity 
of PIWIL1. Particularly, the 9-aa segment, (amino 
acids residues 370–378) directed the methyl group 
into the binding site of the PIWIL pocket [36, 37].  

Based on the preliminary in silico data, we 
conducted an in vitro study to assess the effect of BA 
on the regulation of Kaiso, one of ER downstream 
genes, since a previous study discovered that the loss 
of ER upregulated Kaiso expression [38]. The 
function of Kaiso as an oncogene or a tumor 
suppressor is still highly ambiguous. In the current 
work, a substantial dose-dependent increase in Kaiso 
expression was observed in MCF-7 (14-fold) and 
MDA-MB-231 (9-fold) after BA treatment. 
According to one theory, the anti-neoplastic effects of 
etoposides are caused by to the overexpression of 
Kaiso in cells expressing p53 [39]. 

Our data, therefore, support the tumor suppressor 
function of Kaiso, particularly given that Kaiso 
overexpression occurred concurrently with BA's 
induction of apoptosis and cytotoxicity. The 
suggestions that Kaiso may function as both a 
transcription activator and repressor may be 
dependent on the target with which it interacts; for 
example, Kaiso's interaction with wild-type p53 
activates transcription of pro-apoptotic genes, 
whereas its interaction with mutant p53 represses 
transcription of pro-apoptotic genes. Thus, the pro-
apoptotic response of MCF-7 cells to KAISO 
overexpression might be explained by the presence of 
a wild-type functioning p53; in contrast, wild-type 
p53 is lost in MDA-MB-231 cells [40] which might 
explain the balanced apoptosis/necrosis observed in 
our study rather than the apoptosis as an exclusive 
mode of cell death.  

The effect of BA on epigenetic gene expression 
was rarely investigated, a single study reported that 
BA treatment caused a suppression in ERβ 

expression through epigenetic modification of its 
promoter in endometriotic cells [41]. To investigate if 
alteration of cellular epigenetics might contribute to 
the antitumor activity of BA, we examined the 
methylation status of the promoter region of two 
target genes in the Kaiso signaling pathway, a known 
oncogene; c-Myc, and a tumor suppressor gene; 
CDKN2A. The inhibitory effect of BA on c-Myc 
expression was previously reported in several reports 
[42-44]. On the other hand, hypomethylation of 
oncogenes such as c-Myc has been suggested to 
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contribute to its over-expression leading to cancer 
development [45]. On the other hand, 
hypomethylation of oncogenes such as c-Myc has 
been suggested to contribute to its over-expression 
leading to cancer development [46].  

Overall, our epigenetic analysis points to the 
epigenetic modulatory action of BA through selective 
promoter methylation, therefore silencing the c-Myc 
while enhancing the demethylation of the tumor 
suppressor CDKN2A promoter region, leading to its 
increased expression in both cell lines, resulting in 
cell cycle arrest and ultimately leading to cell death. 

On the cellular level, our study showed that BA 
exhibited a concentration-dependent reduction in cell 
viability accompanied by morphological changes in 
both MCF-7 and MDA-MB-231 cells, however, the 
ER (+) MCF-7 cells were more sensitive as 
evidenced by the 5 folds higher IC50  value of BA in 
MDA-MB-231 (100 µM) compared to that of MCF-7 
cells (21 µM). These results support the theory that, 
in contrast to the ER-deficient MDA-MB-231 cells, 
BA's main mechanism of action may include binding 
to the active site of ER in the ER (+) MCF-7 breast 
cancer cells. Flow cytometer cell cycle analysis 
revealed a significant G0/G1 arrest after BA 
treatment, which is consistent with earlier studies 
conducted on various cell lines, emphasizing the 
ability of BA to arrest cells in the G0/G1 phase [47]. 
This is in line with the findings of Foo, et al., who 
reported a G0/G1 arrest was responsible for BA's 
anti-proliferative and pro-apoptotic actions in MCF-7 
cells [48]. One explanation for the G0/G1 cell cycle 
arrest and the subsequent apoptosis may be due to 
BA's ability to induce early DNA damage via direct 
binding to and inhibition of DNA topoisomerase II in 
a dose-dependent manner [49].  

Evading apoptosis is a fundamental hallmark of 
cancer cells [50]. Therefore, combating aggressive 
chemo-therapeutic-resistant cancers like ER (-) cells 
through targeting both apoptosis and an alternative 
cell death mechanism such as necroptosis could be 
adopted for the treatment of such cancers, indeed 
several studies are reporting on the concept of 
harnessing necroptosis for fighting aggressive 
cancers including triple-negative breast cancers with 
necroptosis-inducing agents [51-54]. 

In agreement with the cell cycle arrest and 
morphology results, BA treatment has induced 
apoptosis in a dose-dependent in MCF-7 but not 
necrotic cells even at the low, 10% IC50 dose. As to 
be expected, MDA-MB-231 cells were more resistant 

at low BA dose and responded relatively differently, 
only treatment with the high, IC50 dose (100 µM) 
caused a significant increase in both apoptotic and 
necrotic cells.  

These data also explain the greater susceptibility 
of MCF-7 cells to lower doses of BA compared to 
MDA-MB-231 cells that were only affected using 
high doses which shifted the cell death mechanism 
from solely apoptosis to a co-existing necroptosis and 
apoptosis. Therefore, our findings support the trend 
of MDA-MB-231 in displaying resistance to anti-
cancer agents probably due to its ability to evade 
apoptosis and perform cell recovery “anastasis” 

therefore, regaining viability and proliferation 
capabilities [55]. 

As mentioned earlier, the preliminary in silico 
study identified the most efficient anti-ERα and anti-
PIWIL1 candidate drug; Betulinic acid. Additionally, 
we explored whether BA can exert an indirect anti-
carcinogenic effect on breast cancer cells via the 
upregulation of KAISO. The molecular docking data 
showed that KAISO can bind to ER and PIWIL1 with 
high efficiency at crucial residues, in turn, it can 
block their signal pathway. We suggest that KAISO 
can bind to ER with many bonds especially, tyrosine 
residues including (Y526 and Y537), Methionine 
(Met421), and cysteine (C530). Many previous 
studies reported the essential role of Y537 in the 
binding with Estrogen, binding to response elements 
in target genes, and transcription activation [56]. 
Also, it has been demonstrated that C530 is the main 
residue at the binding site with Estrogen and 
Tamoxifen [57]. Moreover, Methionine (Met421) is a 
crucial residue in the binding cavity [58]. In addition, 
we show that KAISO may bind to PIWIL1 through 
multiple bonds at many residues within the loop 
extended from 369 to 378 including R369 R370 P372 
that play an important role in the destination of a 
methyl group at the 3′ end for further loading in the 

binding pocket. Also, many nucleotides of KAISO 
bind to M381 which is essential for binding the 2'-O-
methylated 3'-end of piRNAs [33].  

5. Conclusions 

We conclude that the hormonal modulating and 
cytotoxicity actions of BA might be attributed to its 
ability to block the ERα and PIWIL1 signaling 

pathways and so on of its target gene; Kaiso gene 
expression and selective alterations in the 
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methylation status of the c-Myc and CDKN2A genes 
leading to cell cycle arrest and ultimately cell death. 
BA proved to be effective against both ER (+) cells 
by inducing apoptosis and ER (-) cells by shifting 
towards necroptosis, such data might undoubtedly 
provide a potential clinical benefit for BA, including 
the treatment of triple negative breast cancer. 
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