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Abstract 

Introduction: Breast cancer results from tissue degradation caused by environmental and genetic factors that 
affect cells in the body. Matrix metalloproteinases, such as MMP-2 and MMP-9, are considered potential 
putative markers for tumor diagnosis in clinical validation due to their easy detection in body fluids. In addition, 
recent reports have suggested multiple roles for MMPs, rather than simply degeneration of the extracellular 
matrix, which comprises mobilizing growth factors and processing surface molecules.  
Methods: In this study, the chemotherapeutic effects of anthraquinone (AQ) extracted from edible 
mushrooms (Pleurotus ostreatus Jacq. ex Fr.) cells was examined in MCF-7 breast cancer cells. The cytotoxic 
potential and oxidative stress induced by purified anthraquinone were assessed in MCF-7 cells using MTT and 
ROS estimation assays. Gelatin Zymography, and DNA fragmentation assays were performed to examine MMP 
expression and apoptotic induction in the MCF-7 cells treated with AQ. The genes crucial for mutations were 
examined, and the mutated RNA knockout plausibility was analyzed using the CRISPR spcas9 genome editing 
software.  
Results: MCF-7 cells were attenuated in a concentration-dependent manner by the administration of AQ 
purified from P. ostreatus compared with the standard anticancer drug paclitaxel. AQ supplementation 
decreased oxidative stress and mitochondrial impairment in MCF-7 cells. Treatment with AQ and AQ with 
paclitaxel consistently decreased the expression of crucial marker genes such as MMP2 and MMP9. The 
mutated genes MMP2, MMP7, and MMP9 were assessed and observed to reveal four putative gene knockdown 
potentials for breast cancer treatment.  
Conclusions: The synergistic application of AQ and paclitaxel exerted a strong inhibitory effect on the MCF-7 
breast cancer cells. Extensive studies are imperative to better understand the action of bioactive mixes on the 
edible oyster fungus P. ostreatus. The gene knockout potential detected by CRISPR SpCas9 will aid in elite 
research into anticancer treatments. 
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Introduction 
Among the different types of cancer, breast 

cancer estimates at 2.26 million cases recorded in 2020, 
which is a considerable health challenge. Breast 
cancer is the primary cause of mortality in females [1]. 
Breast cancer rates have increased significantly over 
the past two decades. Matrix metalloproteinases 
(MMPs) are a group of zinc metalloproteinases that 
act as a crucial function in degradation of extracellular 
matrix (ECM), angiogenesis, and remodeling. Current 
treatments for breast cancer such as chemotherapy 
have numerous side effects. Therefore, there is a need 
to identify novel, potent, and low-toxicity natural 
cancer treatments. MMP-2 and MMP-9 are associated 
with tumor growth, invasion, angiogenesis, and 
inflammation in breast cancer [2]. Natural products, 
particularly those derived from plants and fungi, have 
become increasingly popular in cancer therapy owing 
to their high efficiency and fewer side effects. The 
edible mushroom Pleurotus ostreatus (PO) has received 
considerable attention owing to its potential 
therapeutic properties. It has been found to exhibit 
high efficacy against various cancers and 
degenerative diseases. Oyster mushrooms are widely 
cultivated edible mushrooms that possess medicinal 
properties such as hypocholesterolemia and 
antiatherogenic, antitumor, and antioxidant activities. 
Furthermore, crude oyster extract has been found to 
have pro-apoptotic and anti-proliferative effects on 
HT-29 cells and cytotoxic effects on PC3-cells [3,4]. 
This article discusses the development of methods to 
validate natural drugs as anticancer agents. One such 
drug is anthraquinone (AQ), found in the edible 
mushroom PO, which has been analyzed for its 
anticancer activity against MCF7 breast cancer cells. 
AQ was extracted from PO and examined for its effect 
on cell viability and cytotoxicity in MCF7 breast 
cancer cells. The reactive oxygen species (ROS) 
induced by AQ were examined using a DCFH-DA 
fluorescence assay. Furthermore, we discuss the 
methods to evaluate the effectiveness of a natural 
anticancer agent: inhibition of collagen Type I 
synthesis and induction of apoptosis via the 
mitochondrial pathway. In addition, the 
downregulation of gelatin and collagenase MMP-2, 
MMP-7 and MMP-9 in the ECM of cells was validated 
using the CRISPR SpCas9 genome editing tool. 

Materials and Methodology 
Reagents 

Anthraquinone extracted and purified as 
described by Bobek et al. [5]. Human breast cancer cell 
line MCF-7 cells procured from NCCS Pune, 
Dulbecco’s eagle modified medium (Sigma Aldrich 

Chennai), streptomycin (50 U/ml), penicillin (50 
U/ml), 10 % fetal bovine serum (Sigma Aldrich 
Bangalore), Antibodies against MMP-2, MMP-9 were 
procured from Sigma Aldrich Chennai. Paclitaxel was 
procured from Dabur India, Ltd. Other chemicals and 
solvents were supplied by HiMedia (Mumbai, India). 

Cell culture 
MCF-7 breast cancer cell lines were seeded in 

DMEM medium with 10% fetal bovine serum (FBS) 
supplemented with streptomycin (50 U/ml) and 
penicillin (50U/ml) at 37 °C and 50% CO2 and a 
relative humidity of 95%. The medium was replaced 
every three days. Monolayer cultures of MCF-7 cells 
were passaged at regular intervals using 
trypsin/EDTA (0.05/0.02%) in PBS without Mg2+ and 
Ca2+. The cells (2 × 105) were plated, and the cell 
growth was observed to be exponential during 2-3 
days in the medium. The cultured cells were kept 
with the test drug AQ at concentrations of 50–250 
µg/ml, paclitaxel 0.001–10 µg/ml, and control cells 
were kept excluded with the drug. 

Cytotoxicity assay 
The dose mediated impact of AQ on MCF-7 cell 

viability was analyzed with the trypan blue staining 
method (0.4%). The log phase cells was trypsinized 
and cultivated in cell culture plates (24 wells) at a rate 
of 5 × 104 cells/ml in 1 ml of complete culture 
medium. The cells were kept with AQ and paclitaxel 
and the absorbance was noted at 570 nm using a 
microplate reader. 

 

% inhibition

=  
No of viable cells − No of viable cells after treatmen

No of viable cells without treatment
 

 

Microscopical examination 
The cells in the culture plate were examined 

under a light microscope for its morphological 
changes. The appearance of cells was noted at regular 
intervals, both in the presence and absence of drugs. 
This led to the confirmation of the effective 
concentrations of AQ (150 µg/ml) and paclitaxel (10 
µg/ml). Further assays were performed using the 
aforementioned drug concentrations.  

Experimental setup for in vitro analysis 
The human breast cancer cells (MCF-7) were 

divided into 4 groups. 
Group I: Normal control (no treated) 
Group II: Paclitaxel (10 µg/ml)  
Group III: AQ (150 µg/ml)  
Group IV: Paclitaxel (10 µg/ml) + AQ (150 

µg/ml)  
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MTT Assay to determine the cell proliferation 
MTT Assay was employed to analyse cell 

proliferation. The conversion of MTT-to-MTT 
formazan by mitochondrial enzymes was evaluated. 
Different concentrations of AQ and paclitaxel were 
added to the cells and incubated for 48 h. Before 
culturing the cells, 20 µl of MTT solution (5 mg/ml), 
100 µl of 10% SDS and 0.01 N HCl was added to all 
wells and incubated for approximately 3h. After 
incubation, absorbance was measured at 570 nm. 

 

% of cell survival

=  
Mean of A570 of treated cells X 100

Mean of A650 of control cells
 

 

Intracellular ROS measurement 
Harvested cells were frozen and thawed in PBS 

(100 µl). The lysed cells were then centrifuged, and the 
supernatant was subjected to ROS quantification 
using an Oxiselect ROS assay kit (Cell Biolabs, USA). 
For intracellular ROS quantification, the centrifuged 
supernatant was stored with 10 µM DCFH-DA for 30 
minutes. A fluorometer was used to measure the 
fluorescence intensity. The fold change was measured 
by dividing the fluorescence intensity of treated 
MCF-7 cells by that of untreated control cells. 

MMP potential analysis 
The mitochondrial membrane potential (ΔΨM) of 

MCF-7 cells was assessed by seeding the cells at a 
density of 1 X105 cells/ml [6]. The cells were 
incubated overnight. After incubation, the medium 
was restored with fresh DMEM added with 2% FBS 
and the drugs paclitaxel and AQ as per the grouping 
concentration. Later 24 h, the cells were trypsinized, 
washed with PBS, and added with 
5’,6’,6’-tetrachloro-1,1’3’,3’-tetraethylbenzimidazolyl 
carbocyanine iodide (10 µg/ml) for 20 min. Finally, 
the cells were washed with PBS, followed by 
centrifugation, the pellet was stored in fresh medium 
for flow cytometry analysis. The dye that 
accumulated within unscathed mitochondria was the 
dye that changed from red to green, which was due to 
membrane depolarization of mitochondria. The 
efficiency of the cells with green fluorescence was 
read as the depolarized mitochondrial membrane 
(ΔΨM). The potential of AQ was compared to that of 
paclitaxel and untreated cells. 

Sub-G1 measurement by propidium iodide 
(PI) analysis 

The 1 x105 cells were treated with AQ and 
paclitaxel (Paclitaxel (10 µg/ml) + AQ (150 µg/ml) for 
24 h. Subsequently, cells were spun, and the pelletized 

cells were mixed with 75% ethanol and stored 
overnight at -20 ᵒC [7]. The cells were further spun and 
resuspended in PBS solution containing 1% PI (250 µl 
of PBS with 2.5 µl of PI) for 10 min in the dark at RT. 
The fluorescence intensity of approximately 10000 
cells was measured by flow cytometry. The apoptotic 
index was then calculated. The readings were 
obtained from triplicate experiments. 

Annexin V staining 
The 1 x105 cells were treated with AQ and 

paclitaxel (Paclitaxel (10 µg/ml) + AQ (150 µg/ml) for 
24 hrs. After the incubation period, the cells were 
centrifuged, and the pelletized cells were mixed with 
75% ethanol and stored overnight at -20 ᵒC. Later, the 
cells were further spun and resuspended in PBS 
solution comprising 1% PI and Annexin V (250 µl of 
PBS with 2.5 µl of PI and Annexin V) for 10 min in the 
dark at RT. Around 10,000 cells were measured for its 
fluorescence intensity by flow cytometry. Besides, the 
apoptotic index was also calculated. Readings were 
taken from triplicate experiments performed. 

DNA fragmentation assay 
The TUNEL assay is used to determine the 

fragmented DNA that results from apoptotic 
processes and specifically determined the nick in the 
DNA, which was further detected using terminal 
deoxynucleotidyl transferase (TdT). The MCF-7 cells 
were fixed with 2% paraformaldehyde, washed thrice 
using 0.1 M Tris buffer, fixed with absolute acetone 
for 1 min, washed with PBS, and incubated with AQ 
and paclitaxel (Paclitaxel (10 µg/ml) + AQ (150 
µg/ml) at 37 ᵒC for 1 h. To which, 1.5 µM fluorescein 
isothiocyanate coupled with dUTP and TdT and 
approximately 10000 cells were analyzed using flow 
cytometry [8]. 

Apoptotic assay by DAPI staining 
The cells (3 × 105) were plated and treated with 

paclitaxel and AQ (Paclitaxel (10 µg/ml) + AQ (150 
µg/ml) overnight. The cells were then washed with 
PBS and fixed with 3.2% paraformaldehyde in PBS for 
15 min at RT. The fixed and washed cells were stained 
with DAPI for 10 min at RT and washed again with 
PBS. Condensed cells with fragmented DNA were 
validated by fluorescence microscopy to detect the 
apoptosis ratio in MCF-7 cancer cells of the treated 
and untreated groups. 

Gelatin zymography assay 
To evaluate MMP-2 and MMP-9 expression, 

MCF-7 cells were plated at a 3×105 ratio. After washed 
with serum-free medium cells were kept for 24 h prior 
to treatment with AQ and paclitaxel. The treated 
media were subjected to SDS by mixing the cells with 
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standard SDS gel loading dye comprising 0.01M SDS 
without β-mercaptoethanol. The soluble protein of 
MCF-7 cells was run in linear SDS PAGE and the 
electrophoresis for 6 h and the gels were washed with 
100 ml of 2.5% triton X 100 at RT for 20 min. The gel 
was stained with CBB and destained using destaining 
solution. 

Statistical analysis 
Statistical prediction was executed with 

Student’s t-test software, and triplicate experiments 
were evaluated using two-way ANOVA. Data 
obtained from three independent experiments are 
expressed as the mean ± SD. P < 0.05 was kept as 
statistical significance.  

Results and Discussion 
Cancer is a major fatal disease, and several 

efforts have been made to treat it using synthetic 
nanomaterials and naturally occurring compounds 
[9]. This effort is urgently needed to overcome 
chemotherapeutic side effects and drug resistance. 
Etymological data support the concept that naturally 
occurring compounds with anticancer properties are 
safe for the human diet, nontoxic, and will definitely 
have long-term effects. Many studies have shown that 
the PO extract represses cancer cell proliferation by 
reducing cell differentiation. However, cytotoxicity 
varied significantly among the different samples. 
Many studies have validated the anticancer properties 
of mushrooms, such as Agaricus and Pleurotus. 
However, the molecular mechanisms underlying this 
phenomenon remain unclear. Thus, this study 
showed that the active compound observed in PO 
might be responsible for its anticancer activity. 

Cytotoxicity assay 
It is one of the most vital parameters for in vitro 

evaluation of biological modifications. Even when 
drugs used in vitro are of natural origin, they exhibit 
different mechanisms of cytotoxicity against various 
cancer cells. Trypan blue staining executed in the 
study was performed to reveal viable or dead cells in 
suspension [10]. It is a negatively charged large-sized 
molecule that works via the principle that living cells 
maintain a thick intact cell membrane that blocks the 
dye, whereas dead cells do not. MCF-7 cells were 
treated with AQ (25, 50, 100, 150, 200, and 250 µg/ml) 
and chemical anticancer drug paclitaxel (1, 2, 5, 5, and 
10 µg/ml). The drug concentration of AQ was 
determined to be 150 µg/ml, and for paclitaxel, it was 
fixed at 10µg/ml based on the viability of the cells, as 
illustrated in Figure 1. 

MTT assay 
MTT assay is a widely used colorimetric method 

to assess cytotoxicity and cell viability. This technique 
measures the activity of the mitochondrial enzyme, 
succinate dehydrogenase (SDH). In this process, MTT 
is converted to purple formazan by NADH based 
oxidoreductase enzyme [11]. The intensity of this 
byproduct was determined by measuring the 
absorbance at 650 nm. To examine the effect of AQ on 
MCF-7 cell cytotoxicity, the cells were treated with 
concentrations ranging from 25 to 250 µg/ml for 24, 
48, and 72 h, and the ratio of viable cells was analyzed. 
AQ decreased cell viability in a concentration- 
dependent manner; after 48 h, the IC50 value of AQ 
was 150 µg/ml (Figure 1). One of the predominant 
methods to determine the anticancer properties of 
naturally occurring agents is the MTT assay. A 
dose-dependent study was performed to examine the 
ratio of the drugs used for treating various cancers 
[12]. This test can also be considered as a toxicity 
analysis of the extracted drugs. Different cell 
mortalities (p<0.05) were observed with varying 
levels of AQ at various incubation times. At various 
concentrations used, 150 µg/ml inhibited the cell 
growth to a maximum level of approximately 48 h. 
After increasing the incubation time to 72 h at a 
similar concentration, the cell viability was found to 
be stagnant at the same ratio of 150 µg/ml. Similar 
results were obtained by identifying the activity of 
mitochondrial enzymes [13]. 

Intracellular ROS measurement 
The results showed that AQ was cytotoxic to 

MCF-7 breast cancer cells, as estimated by the 
fluorescence intensity. The intracellular ROS levels in 
MCF-7 cells increased in a time-dependent manner 
from 24 h to 48 h to 72 h, indicating the potency of AQ 
in treating MCF breast cancer cells. Various studies 
have shown that ROS levels increase during 
hypoxia-reoxygenation conditions. An increase in 
ROS levels in the body can result in the upregulation 
of the invasiveness and motility of cancer cells. In this 
study, the advancement of migration and invasion of 
breast cancer cells was controlled by AQ treatment, 
which increased intracellular ROS levels, thereby 
activating the MAPK/ERK pathway. The level of 
intracellular ROS was significantly enhanced in 
MCF-7 cells after AQ treatment (Figure 1). Further 
studies revealed that ROS levels were significantly 
increased and inhibited cancer cells or induced 
apoptosis. ROS aggregation is associated with 
oxidative stress and is associated with cancer 
development. The mechanism employed to determine 
this was a cell-based assay to measure ROS activity. 
The pre-incubated MCF-7 cells with DCFH-DA are 
treated with AQ of different concentrations, and the 
incubated cells convert DCFH-DA by deacetylation 
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by esterases in the cells to non-fluorescent DCFH. 
ROS in cells converts non-fluorescent DCFH to 
fluorescent DCF, which is further evaluated for its 
fluorescence intensity [14]. 

This fixed concentration was also supported by 
viable cells with a clear cytoplasm compared to the 
blue cytoplasm of dead cells. This is the best method 
for measuring cell membrane integrity. Based on the 
percentage inhibition, the dose-dependent effect of 
AQ on MCF-7 cell viability was analyzed. The 
colorimetric assay was performed at 570 nm using a 
microplate reader and the results were validated. 
Similarly, the AQ derivative 1,3-dihydroxy-9,10- 
anthraquinone-2- carboxylic acid (DHAQC) (2) and 
the natural AQ (damnacanthal) exhibited dose- 
dependent inhibition in the MCF-7 breast cancer cell 
line [15]. 

Microscopical examination 
To examine the modulatory effects and morpho-

logy of cancer cells after treatment with AQ and 
paclitaxel, microscopic examination was conducted. 
MCF-7 breast cancer cells grew flat in a star shape; 
however, after treatment with AQ, the cells were 
elongated and lifted, and most cells were widely 
spread.  

Some cells were removed from adherence. 
Similar results were observed by Jedinak and Silva 
[16], who studied breast and colon cancer using P. 
ostreatus. As shown in Figure 2, the cell lines treated 
with 150 µg/ml showed a successive increase in cell 
viability over a period of 24 h. In fact, there is a 
catastrophe in the viability of the MCF-7 cancer cell 
lines. At 12 h, more than 75% of the MCF-7 cells 
retained cell viability as the incubation time increased 
to 24 h, and at 150 µg/ml, 95% of viable cells were 

 
 

 
Figure 1. (A) Cytotoxicity of different concentrations of anthraquinone (25, 50, 100, 150, 200, and 250 µg/ml) in MCF-7 breast cancer cells was assessed at 570 nm. A significant 
difference between AQ-treated, AQ + paclitaxel, and control cells are shown at P < 0.05. (B) Cytotoxicity assessment of different concentrations of the paclitaxel standard 
anticancer drug (1, 2.5, 5,10, 15, and 20 µg/ml) in MCF-7 breast cancer cells was recorded at 570 nm. Significant difference between AQ treated, AQ + paclitaxel and control cells 
are showed at P < 0.05. (C) Cytotoxicity analysis with the MTT assay at varied levels of AQ (25, 50, 100, 150, 200, and 250 µg/ml) and paclitaxel standard anticancer drugs (1, 
2.5, 5, 10, 15, and 20 µg/ml) in MCF-7 cells from a varying incubation period of 12 to 72 h was measured at 570 nm. Significant difference between AQ treated, AQ + paclitaxel 
and control cells are showed at P < 0.05. (D) Intracellular ROS assessment in MCF-7 cells: Positive Control: Graphical reading of intracellular images of MCF-7 cells without any 
treatment followed by AQ-treated cells under varying incubation periods of 24, 48, and 72 h. 
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lost, indicating that this is the ideal concentration to 
continue with other states pertaining to the anticancer 
activity of anthraquinone. The root extracts of AQ 
(xanthopurpurin) and 5 (lucidin-ω-methyl ether) from 
Rubia philippinensis showed significant toxicity against 
MCF7 and MDA-MB-231 breast cancer cell lines [17]. 
The paclitaxel concentration used to treat MCF-cancer 
cells was fixed similarly based on the complete loss of 
viable cells at 10 µg/ml [18]. Figure 2 clearly shows 
that if paclitaxel concentration is further increased, 
normal healthy cells may be damaged. Thus, the IC50 
values for both AQ and paclitaxel were fixed. 

DNA fragmentation assay 
This method was used to estimate the 

internucleosomal DNA cleavage. Cancer is one of the 
most common diseases in the world. Thus, a 
molecular understanding plays a vital role in drug 
delivery. Thus, the growing interest in programmed 
cell death over the last few years has led to an 
understanding of cell-cell mechanisms. DNA 
fragmentation assays are also known as DNA ladders 
or TUNEL assays. It depends on the TdT enzyme that 
adheres deoxynucleotides to the respective 
3’-hydroxyterminus, where breaks in DNA are 

observed. Apoptosis was measured using biochemical 
markers (Figure 2). Compared with indirect methods, 
this direct nucleotide tagged with a fluorescent dye is 
the fastest. Thus, this method can be used as a 
biochemical marker for measuring apoptosis in cancer 
cells. The AQ-treated cells Figure 2 clearly showed 
inter-nucleosomal DNA damage, and fragmented 
DNA was clearly visible in MCF -7 cells after 24 h of 
incubation. Similarly, marine AQ (SZ-685C) revealed 
concentration-dependent DNA fragmentation in 
breast cancer cells, as indicated by the TUNEL assay 
[19]. 

MMP potential analysis 
The functional determination of mitochondria is 

a crucial factor in determining cell health. This has 
been well studied by analyzing the mitochondrial 
potential. Most of this energy is supplied by oxidative 
phosphorylation via the mitochondria, through which 
electron acceptors receive essential oxygen. The 
intensity of the dye increases when the cell membrane 
is highly damaged. The intensity of the generated 
emissions was noted. The reduction in ΔΨM, as 
indicated by the fluorescence intensity, is shown in 
Figure 2. Figure 2 clearly shows that AQ significantly 

 

 
Figure 2. Microscopical assessment of MCF-7 breast cancer cells, TUNEL assay/DNA Fragmentation Assay and MMP activity: Positive control: Intracellular image of MCF-7 cells, 
Paclitaxel treated (10 µg/ml); AQ treated (250 µg/ml); AQ treated (250 µg/ml) + Paclitaxel treated (10 µg/ml); All images were taken with the same microscope settings. 
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(p<0.01) depolarized the mitochondrial membrane of 
the cells after 24 h of treatment. The emission intensity 
was estimated to be 75% for MCF-7 cells. It is evident 
from the results that AQ treatment culminated in the 
interruption of ΔΨM in breast cancer cells [20]. JC1 
enters cancer cells and stains green because of loss of 
mitochondrial integrity. In addition, it is seen in the 
cytoplasm itself due to the entire collapse of 
membrane potential, whereas healthy cells allow the 
JC1 dye to enter the mitochondria via the cytoplasm 
and remain red. Thus, it is clear that for the MCF-cells 
exposed to AQ, the MMP increased significantly. 
These results suggest that AQ can enhance 
intracellular ROS levels, thereby inducing loss of 
viability in cancerous cells and promoting apoptosis 
in MCF-7cells. The anthraquinone quinazoline hybrid 
7B showed significant mitochondrial impairment and 
increased apoptosis in MDA MB 231 cells [21]. 

Thus, these results support the morphological 
changes induced by AQ in PO. Morphological 
analysis is a preliminary indicator for determining the 
effect of anticancer agents, and thus, this will be an 
indicator for the use of various natural agents in 
treating cancer. Vibrant cell imaging with 
multiparametric analysis of images, such as the 
nucleus, cytoplasm, and culture contents, will help in 
designing drugs based on their efficiency by 
performing comparative analysis. In the future, drug 
modelling will be based on morphology-dependent 
features and color and texture levels from segmented 
images. Several anticancer studies on various 
mushrooms have indicated that morphology supports 
the efficiency in determining drug concentration 
[reviewed in 22]. 

Propidium iodide staining to determine the 
sub G1 

Cells stained with the fluorescent dye PI were 
used as intercalating dyes. It interacts with DNA, thus 
helping determine the effect of the drug on DNA. 
Thus, this method is widely used to determine 
apoptosis by estimating DNA fragmentation and 
nuclear content in cells. The results obtained after AQ 
treatment for 24 h and further incubation with PI 
revealed that AQ arrested the cell cycle and increased 
the ratio of cells in the G1 phase in MCF-7 cancer cells 
(Figure 3). From this study, it is clear that P. ostreatus 
might have active bioactive compounds such as AQ, 
which exhibit potency to inhibit the cell cycle in the 
G1 phase and promote apoptosis in MCF-7 cancer 
cells [16]. DNA fragmentation in a dose-based manner 
was further observed in the percentage increase of 
cells in the subG1 phase when compared to control 
cells. The natural AQ aloin from Aloe showed 
cytotoxicity via enhanced apoptosis and G2M phase 

cell cycle arrest in breast cancer cell lines [23]. To 
further confirm this assay, Annexin V staining and 
DNA fragmentation assays were performed (Figure 
3). 

DAPI staining 
DAPI is a fluorescent dye that binds alternatively 

to the AT-rich regions of dsDNA. Binding to these 
nucleotide regions resulted in a 20-fold increase in 
fluorescence intensity. From these results, it is clear 
that AQ treatment decreases the invasive ability of 
MCF-7 cells (Figure 3). This technique detects high 
levels of fluorescence in dead cells. Cancer cells lose 
permeability and membrane potential. Thus, the dye 
entered the cells very easily, enabling the fluorescence 
intensity to be very high, as determined by flow 
cytometry. The excitation wavelength was 340 nm, 
and the emission wavelengths were 488 nm and 460 
nm. Blue emission by DAPI played a key role in 
determining apoptosis induced by AQ treatment in 
MCF-7 cells. Similar results were obtained for breast 
cancer cells treated with the PO extract stained with 
DAPI. The fluorescence intensity was found to be 
very high in a time- and dose-dependent manners 
[24]. 

Annexin V staining 
It is a phospholipid-binding protein that is a 

calcium-dependent factor that energetically binds to 
phosphatidylserine in the cell membrane. In normal 
cells, that is, noncancerous or healthy cells, the 
phosphatidyl serine layer is found on the inner side, 
which is impassable by annexin V. However, in 
cancerous cells, where permeability is already lost, 
annexin V dye easily enters (Figure 3). In addition, 
annexin V staining also determines apoptosis because 
the loss of permeability indicates that the cell is 
non-healthy, and phosphatidyl serine in the inner 
layer is already translocated, which is an irreversible 
process. These results indicated that the cells were in 
the stage of apoptosis and thus bound to annexin V 
dye. This was measured by the positive signal 
exhibited by the conjugation of Annexin V to FITC 
(Figure 3). Thus, the percentage of positive signals is 
directly correlated with the number of cells 
undergoing apoptosis, as indicated in Figure 4 [25]. 
Numerous studies have shown that Pleurotus spp. 
exhibit anticancer properties. Extracts from these 
mushrooms have been shown to induce increased 
apoptosis in breast cancer cells (MCF-7 and 
MDA-231), which was visualized by staining with 
Annexin V-FITC [13]. Most studies that proved the 
same were conducted using only DAPI and TUNEL 
assays. Annexin and propidium iodide (PI) staining 
are considered to be the most important assays for 
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determining cell permeability. Alteration of 
phosphatidylserine is a key factor in identifying the 
roles of apoptosis and phagocytosis. Incubation of 
cells with AQ followed by annexin V treatment 
resulted in a high proportion of apoptotic cells. The 
results obtained are in agreement with those of Abu et 
al. [26], who reported cell death caused by apoptosis 
in breast cancer cells (MDA-MB231 and MCF-7) 
following treatment with an anthraquinone 
(nordamnacantal) isolated from Morinda citrifolia. 

Gelatin zymography 
This is a powerful yet simple method for 

determining proteolytic enzymes that are capable of 
derogating gelatin in cell signalling cascades. This test 
assay remains the key factor for assessing the two 
main matrix metalloproteinases (MMP-2 and MMP-9) 
because there are potent factors in degrading gelatin 
from biological sources. Thus, MMP-2 and MMP-9 
were present in cells digested with gelatin attached to 
the polyacrylamide gel. After SDS, gels were 
transferred and stained with CBB. Therefore, 
degradation occurs when a location is visible against a 
deeply stained background. AQ was found to inhibit 
thrombolysis and tissue plasminogen activator 
(tPa)-induced MMP-9 and MMP-2 activities (Figure 

5). It is evident from the graph that AQ prevented the 
activity of both MMP-2 and MMP-9. Thus, these 
proteolytic enzymes do not degrade gelatin within 
cells. AQ extract decreased tPA-tPA-inactivated MMP 
expression in MCF-7 cells. A similar test was 
performed to evaluate drugs in various cancers by 
determining the percentage of the active form of 
MMP-2 in tumor and normal tissue samples. MMP 
has been shown to influence prognosis via the 
invasion of lymph nodes and gastric system 
metastasis. MMP-9 expression may correlate well 
with tumor cell invasion and metastasis [27]. MMP 
levels were highly expressed in invaded cells that 
were rapidly multiplying, which correlated with the 
harmful and malignant characteristics of tumor cells. 
The assay for determining MMP was an independent 
prognostic factor. In line with this, the PO ethanolic 
extract reduced the expression of MMP-9, and 
molecular docking analysis showed that lovastatin, 
the compound identified from the extract, showed 
enhanced binding with either MMP-2 or MMP-9 [28]. 
Furthermore, the polysaccharide extract PO exhibited 
a potent reduction in the secretion of MMP-2 and 9 
that indicates a reduction in colon cancer cell invasion 
[3].  

 
 

 
Figure 3. MCF-7 breast cancer cells stained with PI Staining, DAPI Staining, Annexin V and PI Staining: Positive Control: Intracellular image of MCF-7 breast cancer cells without 
treatment. Paclitaxel treated (10 µg/ml); AQ treated (250 µg/ml) reduces the mitochondrial dysfunction associated with apoptosis; AQ treated (250 µg/ml) + Paclitaxel treated 
(10 µg/ml) higher efficiency in reducing the mitochondrial dysfunction associated with apoptosis; All images were taken with the same microscope settings. 
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Figure 4. Evaluation of Flow cytometry in MCF-7 breast cancer cells conducted for PI and Annexin V staining to determine the sub G1 measurement of the cell cycle; Positive 
control: Flow cytometry image of MCF-7 cells without any treatment. Treatment with paclitaxel (10 µg/ml) and AQ (250 µg/ml) inhibited the cell cycle in G1 phase and promoted 
apoptosis; AQ treated (250 µg/ml) + Paclitaxel treated (10 µg/ml) enhanced efficiency in promoting apoptosis by inhibiting the cell cycle from G1 phase to S phase. 

 

 
Figure 5. Gelatin Zymography analysis to measure the MMP2 and MMP 9 activity in positive control without any treatment; Paclitaxel treated (10 µg/ml); AQ treated (250 
µg/ml); AQ treated (250 µg/ml) + Paclitaxel treated (10 µg/ml). Values are expressed as Mean ± SD of triplicate experiments. Significant difference between AQ treated, AQ + 
paclitaxel and control cells are indicated at P < 0.05. 
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Gene knockout analysis 
Gene knockout possibilities in treating cancer 

using matrix metalloproteinases were analyzed using 
the CRISPR spcas9 tool, and the four best gene 
knockout possibilities in treating cancer and their 
respective RNA sequences with the chromosome 
number in a human being were identified. Table S1 
shows the knockout sequences of MMP-2, MMP-7 and 
MMP-9. Figure S1 (A-E) shows the exact position of 
the sequence. A similar analysis was performed for 
the lung cancer treatment. Viral-mediated delivery of 
drugs by optimizing genes using CRISPR is a recent 
technology used to treat cancer [29]. Thus, these gene 
knockout sequences will pave the way for the use of 
therapeutic drugs to treat various cancers [30-32]. 

Conclusions 
From this study, it is evident that the edible 

fungus P. ostreatus and its active bioactive compound 
AQ can be potent anticancer agents for the treatment 
of breast cancer cells by triggering apoptosis through 
depolarization of the mitochondrial membrane. 
Furthermore, other assays, such as cytotoxicity, 
intracellular ROS, Sub G1 measurement, G1/S 
checkpoint analysis, Gelatin Zymography and 
TUNEL assay also validated that AQ-treated MCF-7 
cells showed a high degeneracy rate. These assays 
were conducted in vitro to validate the efficacy and 
potency of AQ. Therefore, clinical trials using an in 
vivo approach are necessary. Furthermore, the gene 
knockout mechanism of MMP-2, MMP-7, and MMP-9 
shown by CRISPR-Sp cas9 to improve cancer 
treatment at the gene level will also pave the way for 
future approaches in the treatment of breast cancer. 
Detailed comprehensive studies employing the in vivo 
and clinical studies are essential to understand the 
mechanism of action of AQ derived from P. ostreatus. 

Supplementary Material 
Supplementary figure and table.  
https://www.medsci.org/v21p1016s1.pdf 

Acknowledgments 
The authors express their sincere appreciation to 

the Researchers Supporting Project number 
(RSP2024R70), King Saud University, Riyadh, Saudi 
Arabia. The authors gratefully acknowledge the 
Department of Biotechnology and Sri Shakthi Institute 
of Engineering & Technology for providing a 
well-equipped and ambient environment for the 
successful completion of the research.  

Funding 
Researchers Supporting Project number 

(RSP2024R70), King Saud University, Riyadh, Saudi 

Arabia. 

Author contributions 
All authors critically revised the manuscript for 

intellectual content and provided final approval of the 
version submitted for publication. BJ and ARS 
performed the research and wrote the paper. RT, SS, 
RS and MT performed acquisition of data and revised 
MS. NSA and SK interpretation of data and revised 
MS. BV design study and reviewed the paper 
conception. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
[1] Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. 

Global cancer statistics 2020: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2021; 
71: 209–49.  

[2] Jiang H, Li H. Prognostic values of tumoral MMP2 and MMP9 overexpression 
in breast cancer: a systematic review and meta-analysis. BMC Cancer. 2021; 
21(1):149.  

[3] Lavi I, Friesem D, Geresh S, Hadar Y, Schwartz B. An aqueous polysaccharide 
extract from the edible mushroom Pleurotus ostreatus induces anti-proliferative 
and pro-apoptotic effects on HT-29 colon cancer cells. Cancer Lett. 2006; 244: 
61–70.  

[4] Gu YH, Sivam G. Cytotoxic effect of oyster mushroom Pleurotus ostreatus on 
human androgen-independent prostate cancer PC-3 cells. J Med Food. 2006; 9: 
196–204.  

[5] Bobek P, Ozdin l, Kuniak L. Antioxidative effect of oyster mushroom 
(Pleurotus ostreatus) in hypercholesterolemic rat. Pharmazie. 1995; 50: 441-442.  

[6] Cossarizza A, Baccarani-Contri M, Kalashnikova G, Franceschi C. A new 
method for the cytofluorimetric analysis of mitochondrial membrane potential 
using the J-aggregate forming lipophilic cation 
5,5′,6,6′-tetrachloro-1,1′,3,3′-tetraethylbenzimidazolcarbocyanine iodide (JC-1). 
Biochem Biophys Res Commun. 1993; 197(1): 40–45.  

[7] Babes RM, Tofolean IT, Sandu RG, Baran OE, Cosoreanu V, Ilie MT, Duta AI, 
Ceausescu MC, Ciucur PM, Costache S, Ganea C, Baran I. Simple 
discrimination of sub-cycling cells by propidium iodide flow cytometric assay 
in Jurkat cell samples with extensive DNA fragmentation, Cell Cycle. 2018; 17: 
766-779. 

[8] Darzynkiewicz Z, Galkowski D, Zhao H. Analysis of apoptosis by cytometry 
using TUNEL assay. Methods 2008; 44(3): 250-4.  

[9] Rao PV, Nellappan D, Madhavi K, Rahman S, Wei LJ, Gan SH. Phytochemicals 
and biogenic metallic nanoparticles as anticancer agents. Oxid Med Cell 
Longev. 2016; 2016: 3685671.  

[10] Strober W. Trypan blue exclusion test of cell viability. Curr Protoc Immunol. 
2015; 111:A3.B.1-A3.B.3.  

[11] Hayon T, Dvilansky A, Sphilberg O, Nathan I. Appraisal of the MTT-based 
assay as a useful tool for predicting drug chemosensitivity in leukemia. Leuk 
Lymphoma. 2003; 44(11):1957–1962.  

[12] Jafari A, Teymouri M, Ebrahimi Nik M, Abbasi A, Iranshahi M, Hanafi-Bojd 
MY, Jafari MR. Interactive anticancer effect of nanomicellar curcumin and 
galbanic acid combination therapy with some common chemotherapeutics in 
colon carcinoma cells. Avicenna J Phytomed. 2019; 9(3): 237-247.  

[13] Gu YH, Leonard J. In vitro effects on proliferation, apoptosis and colony 
inhibition in ER-dependent and ER independent human breast cancer cells by 
selected mushroom species. Oncology Rep. 2006; 15: 417-423.  

[14] Eruslanov E, Kusmartsev S. Identification of ROS using oxidized DCFDA and 
flow-cytometry. Methods Mol Biol. 2010; 594: 57–72.  

[15] Yeap S, Akhtar MN, Lim KL, Abu N, Ho WY, Zareen S, Roohani K, Ky H, Tan 
SW, Lajis N, Alitheen NB. Synthesis of an anthraquinone derivative (DHAQC) 
and its effect on induction of G2/M arrest and apoptosis in breast cancer 
MCF-7 cell line. Drug Des Devel Ther. 2015; 9: 983-992.  

[16] Jedinak A, Sliva D. Pleurotus ostreatus inhibits proliferation of human breast 
and colon cancer cells through p53-dependent as well as p53-independent 
pathway. Int J Oncol. 2008; 33(6):1307-13.  

[17] Bajpai VK, Alam MB, Quan KT, Choi HJ, An H, Ju MK, Lee SH, Huh YS, Han 
YK, Na M. Cytotoxic properties of the anthraquinone derivatives isolated from 
the roots of Rubia philippinensis. BMC Complement Altern Med. 2018; 18(1): 
200.  

[18] Morales-Cano D, Calviño E, Rubio V, Herráez A, Sancho P, Tejedor MC, Diez 
JC. Apoptosis induced by paclitaxel via Bcl-2, Bax and caspases 3 and 9 



Int. J. Med. Sci. 2024, Vol. 21 

 
https://www.medsci.org 

1026 

activation in NB4 human leukaemia cells is not modulated by ERK inhibition. 
Exp Toxicol Pathol. 2013; 65(7-8): 1101-8.   

[19] Xie G, Zhu X, Li Q, Gu M, He Z, Wu J, Li J, Lin Y, Li M, She Z, Yuan J. SZ-685C, 
a marine anthraquinone, is a potent inducer of apoptosis with anticancer 
activity by suppression of the Akt/FOXO pathway. Br J Pharmacol. 2010; 
159(3): 689-97.  

[20] Zhang Y, Luo M, Zu Y, Fu Y, Gu C, Wang W, Yao L, Efferth T. Dryofragin, a 
phloroglucinol derivative, induces apoptosis in human breast cancer MCF-7 
cells through ROS-mediated mitochondrial pathway. Chem Biol Interact. 2012; 
199(2): 129-36.  

[21] Kang J, Zhong Y, Tian W, Li J, Li X, Zhai L, Hou H, Li D. A novel 
anthraquinone-quinazoline hybrid 7B blocks breast cancer metastasis and 
EMT via targeting EGFR and Rac1. Int J Oncol. 2021; 58(5): 19.  

[22] Panda SK, Sahoo G, Swain SS, Luyten W. Anticancer Activities of Mushrooms: 
A Neglected Source for Drug Discovery. Pharmaceuticals (Basel). 2022; 15(2): 
176.  

[23] Esmat AY, Tomasetto C, Rio MC. Cytotoxicity of a natural anthraquinone 
(Aloin) against human breast cancer cell lines with and without ErbB-2: 
Topoisomerase II-alpha coamplification, Cancer Biol Ther. 2006; 5(1): 97-103,  

[24] Mishra V, Tomar S, Yadav P, Vishwakarma S, Singh MP. Elemental Analysis, 
Phytochemical Screening and Evaluation of Antioxidant, Antibacterial and 
Anticancer Activity of Pleurotus ostreatus through In Vitro and In Silico 
Approaches. Metabolites. 2022; 12(9): 821.  

[25] Ebrahimi A, Atashi A, Soleimani M, Mashhadikhan M, Barahimi A, Maghari 
A. Anti-invasive and antiproliferative effects of Pleurotus ostreatus extract on 
acute leukemia cell lines. J Basic Clin Physiol Pharmacol. 2018; 29(1): 95-102.  

[26] Abu N, Zamberi NR, Yeap SK, Nordin N, Mohamad NE, Romli MF, Rasol NE, 
Subramani T, Ismail NH, Alitheen NB. Subchronic toxicity, immunoregulation 
and anti-breast tumor effect of Nordamnacantal, an anthraquinone extracted 
from the stems of Morinda citrifolia L. BMC Complement Altern Med. 2018; 
18(1): 31.  

[27] Kalal, D. The Role of the Matrix Metalloproteinase-9 Gene in Tumor 
Development and Metastasis: A Narrative Review. Glob Med Genet 2023; 10: 
48–53.   

 [28] Tika LN, Wikanthi LSS, Annur S, Murwanti R. Oyster Mushroom (Pleurotus 
ostreatus) Inhibits migration and metastasis on 4t1 breast cancer cells. Indones. 
J. Cancer Chemoprevent. 2016; 7(3): 99-103.  

[29] Neggers JE, Vercruysse T, Jacquemyn M, Vanstreels E, Baloglu E, Shacham S. 
Identifying drug-target selectivity of small-molecule CRM1/XPO1 inhibitors 
by CRISPR/Cas9 genome editing. Chem Biol. 2015; 22: 107–116.  

[30] J B, Das A, Sakthivel KM. Anthraquinone from Edible Fungi Pleurotus 
ostreatus Protects Human SH-SY5Y Neuroblastoma Cells Against 
6-Hydroxydopamine-Induced Cell Death-Preclinical Validation of Gene 
Knockout Possibilities of PARK7, PINK1, and SNCA1 Using CRISPR SpCas9. 
Appl Biochem Biotechnol. 2020; 191(2): 555-566.  

[31] Koonin EV, Makarova KS. CRISPR-Cas: evolution of an RNA-based adaptive 
immunity system in prokaryotes. RNA Biol. 2013; 10: 679–686. 

[32] Stefanoudakis D, Kathuria-Prakash N, Sun AW, Abel M, Drolen CE, 
Ashbaugh C, Zhang S, Hui G, Tabatabaei YA, Zektser Y, Lopez LP, Pantuck A, 
Drakaki A. The Potential Revolution of Cancer Treatment with CRISPR 
Technology. Cancers (Basel). 2023;15(6): 1813.  


