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1. INTRODUCTION

cancer is considered the most important invasive cancer in the world, accounting for thirty percent of
cancers in females, according to the World Health Organization [1]. Women with specific genetic variations
are predisposed to a higher risk of breast cancer [2]. Cell proliferation is a critical process regulated by
inhibition of the cell cycle and apoptosis (programmed death). Various suppressor genes for both cell cycle
arrest and programmed death include tumor suppressor genes such as p53, one of the most important mutated
genes in human cancers; it controls cell proliferation in response to DNA damage. Other tumor suppressor
genes, including P27Kipl, P21Wafl, and P16INK4A, also regulate the cell cycle by inhibiting the collision of
cyclins with cyclin-dependent kinases [3].

P16 is a tumor suppressor protein that is encoded by the P16INK4a gene located in 9p21 [4]. P16 acts as
an inhibitor of cyclin-dependent kinases (CDKs). It slows down the cell cycle by forbidding progression from
the G1 phase to S [5]; in the absence of P16 protein, CDK4/6 binds and forms an active protein complex that
induces the phosphorylation of retinoblastoma protein (pRB) [6], causing dissociation of pRB from the
transcription factor E2F1. The liberation of E2F1 allows it to be transported from the cytoplasm to the nucleus,
where it promotes the transcription of necessary genes for transition from G1 to S phase in the cell cycle [7].
With telomerase activation, cells may certainly progress to proliferation, immortality, and cancer [8]. Two
molecular pathways induce apoptosis: one mediated by Fas and tumor necrosis factor, called an external
pathway, and the other focused on the release of cytochrome C from the mitochondria, called an intracellular
pathway [9].

The Bcl-2 apoptosis-related, pS3-dependent protein family is one of the main regulators of the second
pathway and includes both apoptosis-activating members, such as Bak and Bax, and inhibitors, such as Bcl-2
and Bcl-x. In breast cancer, the Bax gene plays an important role as an activator of apoptosis; its function is
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necessary for balance among the main antiapoptotic members of the family, Bcl-2 [10, 11]. The extracts of
various medicinal plants have been used as antibacterial and antifungal agents [ 12- 16], with an anti-diabetic
effect [17]. Several studies have shown that plant extracts and their essential oils have an anticancer effect
against several human cancer cell lines [18- 21].

Adiantum capillus-veneris is one of the Pteridaceae family. About 200 species of ferns belong to this
family. They are widely spread throughout the world, from hot tropical regions to cold temperate zones [22].
The medicinal portions of Adiantum capillus-veneris include fronds, rhizomes, and roots [23]. Among its
various secondary metabolites, Adiantum capillus-veneris shows antibacterial, anti-inflammatory, analgesic,
hypoglycemic, antioxidant, antilithiasic, antiproliferative, antidermatitis, neuroprotective, and
anticholesterolemic properties [24].

The current study was designed to assess the cytotoxic activity of Adiantum capillus-veneris L. in
MCEF-7 breast cancer cells and address the gene expression of the P/6 and Bax genes as candidate genes for
cancer cell proliferation.

2. METHOD

2.1. This study included the use areal parts of Adiantum capillus-veneris L The plant was obtained from local
markets in Baghdad. The plant was identified in herbarium, Department of Biology College of Science -
University of Baghdad. The plant aerial parts grinded in to powder form by mechanical grinder.

2.2.  Ethanol extraction preparation

Ethanolic (Alcoholic) plant extract were prepared according to [25] with some modifications. The dried powder
of (Adiantum capillus-veneris L.) plant (40 g) were placed separately in the thimble of Soxhlet apparatus. The
extraction solvent used was 400 ml of 95% ethanol. The solvent was heated to reflux at 100°C for 8 h. After
the extraction, the products were collected and concentrated using rotary evaporator at 50°C, then left under
fume hood for one hour to make sure all the ethanol left in the extract crude was completely vaporized to the
environment. The solution was input into oven to derided, and were kept in refrigerator in tight containers for
experiments.

2.3.  Cell culture

The MCF-7 cell line was purchased from Cell Technologies Lab—Iraq. The cells were cultured in MEM (US
Biological, USA) supplemented with 10% (v/v) fetal bovine serum (FBS) (Capricorn Scientific, Germany) and
100 IU penicillin, and 100 pg streptomycin (Capricorn Scientific, Germany) and incubated in a humidified
atmosphere at 37°C. Exponentially growing cells were used for experiments [26].

2.4. Cytotoxicity Assay

An in vitro experiment was performed using 96-well plates. 10000 cells were plated in a 96-well microplate
(NEST Biotech, China) and cultured for seventy-two hours at 37°C until monolayer confluence was reached.
The growth medium was removed, and the sticky cells were cleaned with Phosphate Buffered Saline (PBS)
once the cells had achieved 80% confluence. After adding 1 mL of trypsin-EDTA solution, the flask was gently
shaken to thoroughly cover the monolayer. A cell proliferation experiment based on MTT was used to evaluate
the cytotoxicity potential of ACV extract.

Human breast cancer cells (MCF-7) were cultured for 24 hours at 37°C in a humidified environment with 5%
CO: after being exposed to several doses of ACV extract (1000, 500, 250, 125, 62.5, 31.2 pg/mL, and no
treatment as a negative control). Each concentration was tested in three replicates. After exposure, each well
received 28 uL of MTT stain solution (2 mg/mL). Plates were then incubated at 37°C with 5% CO: for 3 hours.
After carefully removing the medium, 100 pL of DMSO was added to each well and incubated for 15 minutes
to dissolve the MTT-formazan crystals in accordance with [27]. Then the plate was ready for reading on the
ELISA reader at 492 nm. The inhibitory concentration rate was calculated as a drug concentration as follows
[28]:

Cytotoxicity % = (OD Control — OD sample)/OD Control x 100

Where OD control is the mean optical density of untreated wells, and OD Sample is the optical density of
treated wells.Experimental data on variance were utilized for data comparison between study groups (control
and samples) using 3 replicates for each experiment. A Student's t-test was used to determine the results. A P
value < 0.05 indicated statistical significance. We performed this research using GraphPad Prism 8 software
(GraphPad Software, Inc., San Diego, California). The 50% growth inhibition concentration (IC50) was
calculated from a plotted dose-response curve. The IC50 value is represented by the log of the ACF
concentration that inhibits 50% of cell viability.
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2.5. Detection of gene Expression

Gene expression was detected by quantitative real-time polymerase chain reaction (QRT-PCR) technique. Table
1 refers to the primer sequences used in this study. Total RNA was extracted from untreated (negative control)
and treated MCF-7 cells at an IC50 of 1746 pg/m for 24 hrs. This was performed using a kit (GoTaq® 1-Step
RT-qPCR System) and TRIzol Reagent (Thermo Scientific, USA). This study depends on a one-step qRT-PCR
procedure (Mic qPCR Cycler, Bio Molecular System, Australia) in a 10 pl reaction volume containing 5 pl
gPCR Master Mix and 0.25 x RT mix. 0.25 MgCI2 and 0.3 uM for each (forward and reverse primer, 2.5 pl
nuclease-free water, and 1 pul of RNA. Detection of P16 and Bax gene expression levels was done by RT-qPCR
technique using the GEGF gene as a housekeeping gene in this study. Table 2 indicates that for the PCR
program, all primers were purchased from Macrogen, Korea. The results of gene expression were analyzed
using relative quantification, which measures the relative change in mRNA expression levels (Pfaffl method)
(Folding = 2-AACT, AACT = ACT Treated - ACT Control, ACT = CT gene - CT Housekeeping gene) [29].

Table 1. Primers sequences for quantitative real-time-

Gene Polymorphism Primers Reference.
Primer Sequence (5'—37) Annealing
Name Temp. (°C)
TEGT-F TGCTGGATTTGCATTCCTTACA 60
TEGT-R ACGGCGCCTGGCATAGA
pl16-F AGCCTTCGGCTGACTGGCTGG 60 [30]
p16-R CTGCCCAT CATCATGACCTGGA
BAX -F CCAAGAAGCTGAGCGAGTGT 54.5 [31]
BAX R CCGGAGGAAGTCCAATGTC

Table 2. Real Time PCR Program

Steps °C m: s Cycle
RT. Enzyme Activation 37 15:00 1
Initial Denaturation 95 05:00
Denaturation 95 00:20 40
Annealing 54.5 or 60 00:20
Extension 72 00:2

2.6.  Statistical analysis
The differences in the studied parameters using the Statistical Analysis System (SAS (2012) program. The least
significant difference LSD test was used to compare means. A p value <0.01 indicated statistical significance.

2.  RESULTS AND DISCUSSION
3.1. In vitro cytotoxicity of Adiantum capillus-veneris L.

Although advances in the treatment of drug-resistant cancer are the most problematic, it is associated
with a worse prognosis for breast cancer. Several research studies examined the effect of medicinal plants
against breast cancer because of their good safety and action on target mechanisms [32, 33]. Inactivation of
genes encoding the P16 protein has been highlighted in several human cancers [34]. The Michigan Cancer
Foundation-7 (MCF-7) is a breast cancer cell line isolated from pleural effusion of an old female; she has
primary invasive breast ductal carcinoma positive for estrogen and progesterone receptors [35]. An alcoholic
extract of ACV was tested against the breast cell line MCF-7 using the MTT assay. Figure 1 shows the survival
of MCF-7 breast cancer cells, untreated and treated with ACV ethanol extract at doses (1000, 500, 250, 125,
62.5) pg/mL for 24 hrs. The highest effect of ACF cytotoxicity was observed at 1000 pg/mL; the data indicated
an increase in cytotoxicity of 33.64% compared to 1% in the control group. The IC50 values for the alcoholic
extract of ACV were calculated to be 1746 pg/ml (Figure 2); ACV extract has gained considerable attention in
cancer treatment. The cytotoxic effect of ACV extract was dependent on the concentration of the extract. The
IC50 values for the alcoholic extract of ACV were calculated to be 1746 pg/ml. ACV extracts have gained
considerable attention in cancer treatment. There are many secondary metabolites in Adiantum capillus-
veneris, including flavonoids, triterpenes, phenylpropanoids, carotenoids, zeaxanthin, quercetin, rutin,
shikimic acid, and violaxanthin [36].

A study by Ayoub et al aimed to explore the cytotoxic activity of ethanolic extract fractions from the aerial
part of ACV against four human cancer cell lines, such as colon, lung, breast, and pancreatic cancer. The data
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demonstrated that all the fractions of ethanolic extract showed in vitro inhibition of tumor cell proliferation
when tested against different human cancer cell lines. Other reports by Rautray et al demonstrate that ACV
extract activity in breast cancer cells is due to its role in modulating proteins involved in the cell cycle and
programmed cell death. In addition, ACV effectively modulates the oncogenic molecules and may act as a
hopeful agent for cancer therapy. Other studies suggest that Adiantum pedatum (AP) extract as a candidate
drug may exert its antitumor activity through antioxidant and apoptotic activities [37, 38].

MCF-7 cell line(ACY extract Treated)
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Figure 1. Inhibitory curve showing the effect of ACF on cell viability. The x-axis represents the concentration of the ACV
alcoholic extract (in pg), and the y-axis represents the percentage of cell death (Cytotoxicity).
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Figure 2. A dose-response curve used to determine the IC50 value of [alcoholic extract of ACV] in MCF-7 cells. The x-
axis represents the concentration of the test ACV (in pg), and the y-axis represents the percentage of cell inhibition. The
IC50 value is represented by the log of the ACF concentration that inhibits 50% of cell viability.

3.2. The Adiantum capillus-veneris L extract effects in P16 and Bax gene expression of
MCF -7 breast cancer cell line

Figure 3 shows an example of the qRT-PCR replication of these gene primers, indicating pure and
homogeneous melting curves of the studied gene.
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Figure 3. A: Melting curves, B: Cycling curves of gene

3.2.1. The Adiantum capillus-veneris L alcoholic extract effects in P16 gene expression
MCF-7 cells were exposed to ACV extract at the concentrations of the IC50 concentration (1746
pg/mL) for 24 hrs. The results show high P16 gene expression in MCF-7 cells treated with ACV extract
compared to the control group (untreated cells). The relative P16 gene expression increased to 4.087+0.007 in
cells treated with the extract compared to (1£0) in control group expression with high significant association
(p value <0.001) (Figure 4). The results refer to high expression of P/6 and Bax genes in MCF-7, with a
significant increase in relative gene expression to 4.087 for P16 (P < 0.001) and to 1.65 for the Bax gene (p <
0.01) compared to 1 in the control group. The role of p16 protein is controversial in cell cycle control and
carcinogenesis. More than one mechanism has been proposed, with mutations causing upregulation of its gene
expression, such as changes in methylation patterns and mutations and deletions [39].
Li et al reported p16 activating proliferation in cervical carcinoma cells through the CDK6-HuR-IL1A axis.
Based on the normal functions of the p16 protein, it is expected that p16 protein overexpression reduces the
viability of cancer cells. However, when a p/6 gene mutation is linked with the abrogation of the p16 signaling
pathway, the Rb signaling will cause overexpression of mutant p/6 in cells, which continue to divide and
bypass apoptosis [40, 41]. The pattern of p/6 gene expression varies in breast tumors.

5 -

4.087 **

AP16 Gene Expression

Control ACV Extract

Figure 4. The effect of ACV on the P16 gene in the MCF7 breast cancer cell line. A high level of P16 gene expression was
induced by ACV extract compared to the control group.

3.3.2. The effects of Adiantum capillus-veneris L. Extract in Bax gene expression

MCEF-7 cells were exposed to ACV extract at the concentrations of the IC50 value 1746 pg/mL for 24
hrs. Treated cells showed an increase in Bax relative gene expression with a highly significant association at a
p value of 0.01. The results refer to a high level of Bax gene expression in MCF-7 cells treated with ACV
extract (1.650+0.25) in the MCF-7 cell line compared to the control group (non-treated MCF-7 cells) (Figure
5).
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Figure 5. The effect of ACV extract in the Bax gene expression in MCF-7 breast cancer cell line, high level of Bax gene
expression.

Figure 6 showed a comparison of relative gene expression for P16 and Bax genes in MCF-7 cells treated with
ACYV extract; the results showed a high fold of P/6 gene expression 4.087+0.007 compared to Bax gene
expression 1.65040.25 with high significant association (p <0.001). The key gene for programmed cell death
(apoptosis) is the Bax gene; it leads to the activation of cytochrome C release from mitochondria and activates
the apoptotic cascade, and it is the reason for cell death [42]. An increase in the ratio of Bax to Bcl-2 gene
expression leads to promoting cell death [43, 44].
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Figure 6. The effect of ACV extract in the P/6 and BaX genes expression in MCF-7 breast cancer cell line, low level of
Bax compared to P16 fold gene expression.

Other herbal drugs can change the Bax/Bcl-2 ratio and induce apoptosis in cancer cell lines. Kazemi and
Shahrestani found an increase in the Bax gene expression rate in AGS (lung cancer cells) when treated with
saffron extract, leading to apoptosis. Bagherian and his colleagues reported that Aloe Vera extract inhibited
the metabolic process, increased Bax expression, decreased bcl-2 expression, decreased the activity of the
MCF-7 cell line, and activated apoptosis in MCF-7 cells. Results indicated that treatment of MCF7 cells with
the hydroalcoholic extract of Aloe Vera and Tamoxifen induced apoptosis in cells, so the herbal extract may
be promising in cancer treatment [45].

3. CONCLUSION

Adiantum capillus veneris L. Extract could be a promising anticancer agent by modulating the P16 protein in
the cell cycle and the pro-apoptotic Bax gene and anti-apoptotic protein expression in the MCF-7 breast cancer
cell line. Other studies analyze the biochemical composition of ACV and investigate its role in the cell cycle
and apoptosis.
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