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Abstract

Cancer is known as a group of cells that divide without control and divided into two types, malignant tumor which spread to other 
parts of the body and benign tumor which not spread and is treated by surgery for example to remove the tumor. Breast cancer is the 
second cause of death and life-threatening among women worldwide so many kinds of research had been performed to understand 
and treat breast cancer so many treatments had been discovered to treat breast cancer. Pomegranate and its constituents have been 
shown to affect cell signaling and pathways involved in inflammation, proliferation, tumorigenesis, and angiogenesis in multiple in 
vitro studies. Several studies demonstrated that pomegranate extract and juice has anticancer activity in breast cancer cell lines. In 
this study, MTT assay, cell cycle analysis and real-time PCR were performed to test the anticancer effect of pomegranate phenolic 
compounds extracted from seeds on GADD45A gene expression in (MDA) breast cancer cells and occurred upregulation to GADD45A 
tumor suppressor gene and the cell viability is decreased.
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Abbreviations

GADD45A: Growth Arrest and DNA Damage Inducible Alpha; P21: 
Cyclin Dependent Kinase Inhibitor 1A; MRI: Magnetic Resonance 
Imaging; CT Scan: Computerized Tomography; BRCA 1: Breast 
Cancer 1; BRCA 2: Breast Cancer 2; P53: Tumor Suppressor p53; 
PTEN: Phosphatase and Tensin Homolog; CS: Cowden Syndrome; 
HER2: Receptor Tyrosine-Protein Kinase erbB-2; EGF: Epidermal 
Growth Factor; EGFR: Epidermal Growth Factor Receptor; RAS: 
GTPase H-Ras; RAF: A-Raf Proto-Oncogene Serine/Threonine-
Protein Kinase; MEK: Mitogen-Activated Protein Kinase 1; ERK1/2: 
Mitogen-Activated Protein Kinase 1/3; P13K: Phosphatidylino-
sitol-4, 5-Bisphosphate 3-Kinase Catalytic Subunit Alpha/Beta/
Delta; AKT: RAC Serine/Threonine-Protein Kinase; ER: Estrogen 
Receptor; PR: Progesterone Receptor; PJ: Pomegranate Juice; 
PME: Pomegranate Extract; SERM: Selective Estrogen Receptor 
Modulator; PFE: Pomegranate Fruit Extract; MRE11: Meiotic Re-
combination 11 Homolog; RAD50: DNA Repair Protein RAD50; 
NBS1: Nibrin; RAD51: DNA Repair Protein RAD51; BRCC3: BRCA1/

BRCA2-Containing Complex, Subunit 3; DSB: Double Strand Break; 
HR: Homologous Recombination.

Introduction

Cancer is a group of cells that divide without control and have 
the ability to spread to the rest of the body and is called malignant 
tumor. This is unlike benign tumors that do not spread to the rest 
of the body and can be removed by surgery. There are many symp-
toms including the appearance of tumors in various parts of the 
body, bleeding and a change in bowel movements.

The second cause of death all over the world is cancer. Over-
all, the prevalence rate of cancer has actually increased; just in the 
United States alone, approximately 1,665,540 people suffered from 
cancer, and 585,720 of them died due to this disease by 2014 [1].

Breast cancer starts when cells in the breast begin to grow out 
of control and is the second most common cancer worldwide after 
lung cancer, the fifth most common cause of cancer death, and the 
leading cause of cancer death in women [2].
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Statistics all over the world show that breast cancer has a rate of 
overtaking all types of cancers and is constantly increasing. Breast 
cancer is the most common non-cutaneous malignancy among 
women, representing 4 in 10 female cancer survivors in the United 
States. Treatment of cancers depends on two main points, namely 
the type of cancer in the patient and the extent of his progress.

Such as surgery, radiation therapy, chemotherapy, immuno-
therapy, targeted therapy, hormone therapy and treatment by the 
natural compound.

Pomegranate is a fruit with thick reddish skin that covers a 
group of seeds that range in color from deep red to purple. Pome-
granates and their ingredients have many benefits and effect on 
many things including several pathways such as inflammation 
treatment, cellular transformation, hyperprolifiration, angiogen-
esis, initiation of tumorigenesis, and the most important point 
is to stop the final steps of a malignant tumor. Pomegranate and 
pomegranate seeds are good for food that contains antioxidant and 
antibodies for many cancers and infections because of their con-
tainment of hydrolysable tannins and anthocyanins [3].

In this study, the effect of pomegranate seeds treatment on 
growth arrest and DNA damage-inducible alpha (GADD45A) gene 
expression in MDA breast cancer cell line showed upregulation to 
GADD45A at different concentrations from treatment, cell cycle ar-
rest and apoptosis to cancer cells which means it can be used as 
anticancer natural compound treatment instead of using chemo-
therapy.

Review of Literature
Cancer biology

Oncogenesis is the process whereby normal cells are trans-
formed into cancer cells. Carcinogenesis is the multistep process 
and is caused by mutation of the genetic material of normal cells, 
changes at cellular levels and epigenetic levels, which upset the 
normal balance between proliferation and cell death. This disequi-
librium results in uncontrolled cell division, and rapid prolifera-
tion of cells can lead to benign tumors and some of which may turn 
into malignant tumors. Malignant tumors can invade other organs 
and spread to distant locations as metastasis [4].

Mutations in key genes that play vital roles in cell division and 
apoptosis as well as mutations in DNA repair genes will cause a 
cell to proliferate in an uncontrolled manner. Genetic changes can 
occur on many levels, such as loss of a whole chromosome or in-
crease or decrease in the number of chromosomes to a mutation in 
one nucleotide, which affects the gene to silence the gene expres-
sion or increase in gene expression [5].

There are two main categories of genes that are affected by 
these changes: oncogenes may be normal genes that are expressed 
at inappropriately high levels or altered genes that have novel 
properties. In general, the genetic expression of genes that play a 
role in increasing the number of cancer cells, the oncogenes even-
tually lead to cancer, and in contrast there are other genes to stop 
the spread of cancer cells called tumor suppressor genes. Expres-
sion is often stopped for the genes responsible for stopping cancer 
called tumor suppressor genes through mutations that promote 
the occurrence of cancer [6].

The highest percentages of cancer types in men occur in the 
prostate, lung and bronchus, colon and rectum, and urinary blad-
der, respectively [7].

The highest percentages of cancer types in women occur in the 
breast, lung and bronchus, colon and rectum, uterine corpus and 
thyroid, respectively. This data indicates that prostate and breast 
cancer constitutes a major portion of cancer in men and women, 
respectively [8]. The highest percentage types of cancer disease 
in children are blood cancer, and cancers related to the brain and 
lymph nodes, respectively [9].

Causes of cancer 

These changes result from the interaction between the genetic 
factors of a person and the environmental factors which are eluci-
dated in the following 3 examples:

• Physical carcinogens, such as ultraviolet and ionizing radia-
tion or asbestos.

• Chemical carcinogens, such as vinyl chloride, or bet naph-
thylamine, components of tobacco smoke, aflatoxin (a food 
contaminant) and arsenic (a drinking water contaminant).

• Infections from certain viruses, bacteria or parasites are con-
sidered as biological carcinogens.

Most chemicals to which people are exposed to everyday life 
have not been tested for their long-term impact on human health 
[10].

Chemical compounds have an obvious role in forming gene mu-
tations and cancer cells. In addition, smoking involves several car-
cinogenic chemical compounds that lead to many types of cancer 
especially lung cancer [11]. Environmental chemical substances 
with carcinogenic properties influence directly or indirectly the cy-
toplasm and nucleus of cells leading to genetic disorders and gene 
mutations [12].
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Cancer disrupts cellular relations and results in the dysfunc-
tion of vital genes. This disturbance is effective in the cell cycle and 
leads to abnormal proliferation. Proto-oncogenes are responsible 
for cell division and growth under normal conditions but become 
oncogenes during genetic mutation, which are most dangerous for 
cell existence. In addition, the lack of tumor suppressor genes or 
loss of heterozygosity triggers uncontrolled cells division. Normal-
ly, repair genes translate to protein and enzymes that have repair-
ing properties and more than 30 types of detected repair proteins.

Signs and symptoms of cancer

According to Shaper., et al. [13] the signs and symptoms of can-
cers could be summarized as following:

1. A change in bowel habits, such as unusual diarrhea or con-
stipation.

2. The presence of an unusual lump in the body.

3. Difficulty in swallowing or continuing indigestion. 

4. A persistent sore or ulcer.

5. Difficulty passing urine.

6. Unexplained weight loss.

7. Unexplained tiredness or fatigue.

8. Skin changes such as an unexplained rash or unusual tex-
ture.

9. Unexplained night sweats.

10. Abdominal pain. 

Prognosis of cancer 

Many factors can affect prognosis of cancer such as:

1. The type of cancer and where it is in body.

2. Tumor stages, which refers to the tumor size and tumor 
spread to other parts of the body.

3. The cancer’s grade, which refers to how abnormal the can-
cer cells look under a microscope. Grade provides clues 
about how quickly the cancer is likely to grow and spread.

4. Certain traits of the cancer cells.

5. Age and how healthy you were before cancer.

6. How body respond to treatment.

Diagnosis of cancer

• Medical diagnosis of cancer such as: Surgery, X rays, MRI, 
lab tests, imaging procedures (CT scan and nuclear scan), 
biopsy (with a needle and with an endoscope) and physical 
exam.

• Molecular diagnosis technique such as: Polymerase 
Chain Reaction (PCR), Real-time PCR, spectral karyotype 
imaging, fluorescent in situ hybridization and DNA microar-
rays.

Treatment of cancer

• Medical treatment such as: Immunotherapy, radiation 
therapy, surgery, chemotherapy, hormone therapy and stem 
cell transplant. 

Molecular treatment such as

• Apoptosis-inducing drugs.

• Angiogenesis inhibitors.

• Growth signal inhibitor.

Genes and cancer initiation

Oncogenes

In their normal non-mutated state, gains of function genes are 
called proto-oncogenes and are directly or indirectly involved in 
controlling the rate of cell growth and are implicated in the reg-
ulation of cell division. When altered by a genetic event, such as 
point mutation, translocation, or chromosome amplification, these 
cancer-promoting genes become then abnormally activated and 
named oncogenes. Mutations affecting oncogenes are most often 
somatic, but germinal activating mutations have already been de-
scribed [14]. The activation of gain of function is dominant, the al-
teration of only one allele being sufficient to confer an oncogenic 
potential. The consequences of this activation can be seen at the 
expression level or at the DNA level of the targeted gene.

Tumor suppressor genes

Tumor suppressor genes are genes responsible for stopping tu-
mors are natural genes that play a role in stopping abnormal cell 
division or repairing mutations and mistakes that occur during di-
vision or the orientation of abnormal cells to die (a process known 
as apoptosis or programmed cell death). Cancer begins to spread 
when there's an error in the genes responsible for stopping cancer 
from occurring. Tumor suppressor genes responsible for stopping 
cancer are like car brakes. And its function is to slow down the di-
visions that occur in the cell, such as car brakes, to stop or slow 
down cars. When a mutation or error in these genes occurs, the 
cells are divided without control, leading to cancer [15]. The main 
difference between the oncogenes and tumor suppressor genes is 
that the oncogenes resulting from a mutation have led to the trans-
formation of proto oncogenes to oncogenes while the mutation 
of tumor suppressor genes works to stop the functioning of these 

Citation: Mahmoud Mohamed Helmy. “In Vitro Study of Pomegranate Seed Extract on GADD45A Gene Expression in (MDA) Breast Cancer Cells". Acta 
Scientific Cancer Biology 4.2 (2020): 10-27.



In Vitro Study of Pomegranate Seed Extract on GADD45A Gene Expression in (MDA) Breast Cancer Cells

13

genes leading to the occurrence of cancer. Some mutations that oc-
cur in tumor suppressor genes are transmitted from a generation 
to the other and this is what scientists found in families that have a 
certain type of cancer and this leads to the spread of a certain type 
of cancer in the family. In addition, many mutations that occur in 
tumor suppressor genes are mutations acquired during a person's 
life, not inherited.

Breast cancer

Breast cancer is the most dangerous and famous type of cancer 
that occurs to women all over the world and begins with a mu-
tation that leads to the cells divided by a large number without 
control. And these abnormal cells can lead to a tumor that can be 
seen by the x-ray. The tumor is malignant (cancer) if the cells can 
grow into (invade) surrounding tissues or spread (metastasize) to 
distant areas of the body.

More than 180,000 people are diagnosed with breast cancer 
each year in the United States, and almost half die of breast cancer 
every year. Breast cancer is more frequent in some regions than in 
others, for example in developed countries in the west, they are 10 
times more likely to develop breast cancer than in the third world. 
In 2005, in the United States, about 242,570 people were diag-
nosed with breast cancer (32% of neoplasia diagnosed in women).

Breast cancer signs and symptoms

These signs and symptoms are:

• Breast change such as change in size and shape of breast.

• A dimple or puckering in the skin of the breast.

A nipple turned inward into the breast.

Fluid, other than breast milk, from the nipple, especially if it's 
bloody.

Scaly, red, or swollen skin on the breast, nipple, or areola (the 
dark area of skin around the nipple).

Dimples in the breast that looks like the skin of an orange, 
called peau d’orange.

Breast cancer stages

• Stage 0: Cancer cells are present in either the lining of a 
breast lobule or a duct, but they have not spread to the sur-
rounding fatty tissue. This stage is also called ductal carci-
noma in situ, or DCIS.

• Stage I: Cancer has spread from the lobules or ducts to near-
by tissue in the breast. At this stage and beyond, breast can-
cer is considered to be invasive.

• The tumor is 2 cm or less in diameter (approximately 1 inch 
or less); the cancer has not spread to the lymph nodes.

• Stage II: In this stage, the tumor can range from 2 cm to less 
than 5 cm in diameter (approximately 1 to 2 inches); some-
times cancer may have spread to the lymph nodes.

• Stage IIIA: In this stage, the tumor is 5 cm or greater in diam-
eter (approximately 2 inches or greater); or the tumor may 
be of any size where cancer cells have grown extensively into 
the axillary (underarm) lymph nodes.

• Stage IIIB/C: known as locally advanced cancer; tumor may 
be of any size but has spread into the skin of the breast or 
tissues of the chest wall.

• Stage IV: Known as metastatic; cancer has spread from the 
breast to other parts of the body, such as the bones, liver, 
lungs, or brain.

Breast cancer recurrence - the return of cancer following pri-
mary (initial) treatment - can occur at the same site as the original 
tumor or somewhere else in the body.

Figure 1: The different stages of Breast cancer.
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Biology of breast cancer

Mutations in genes are responsible for breast cancer, for exam-
ple, mutations in the BRCA1 and BRCA2 gene are the most common 
[16].

Hereditary breast cancer is about 10% of the incidence of 
breast cancer and often a mutation in tumor suppressor gene and 
not the transformation of proto-oncogene to oncogene [17].

One of the most important genetic genes responsible for the 
tumor is the incidence of cancer if they have a mutation of BRCA1 
and BRCA2, codifying nuclear proteins involved in the biochemical 
mechanisms that control the integrity of the genome. BRCA1 and 
BRCA2 are rarely mutated in sporadic forms; they play a pathogen-
ic role in carcinogenesis [18]. BRCA1 and BRCA2 genes are also in-
volved breast cancer in male also. If there is a germline mutation in 
BRCA2 a gene in a man is more likely to develop breast cancer than 
men who don't have this mutation as well as germline mutation in 
BRCA1 gene in the man if there is a mutation he is more likely to 
develop cancer than a normal man.

Many genes play a role in the occurrence of breast cancer, such 
as tumor suppressor genes PTEN and p53. The p53 is stopped by a 
mutation that occurs in its coding region, which leads to the cessa-
tion of pathways and the occurrence of cancer. DNA repair and cell 
cycle is controlled by the transcription factor p53 Existing in the 
cell at a very low level and in a relatively inactive form, p53 protein 
is increased and activated during periods of cellular stress. The re-
sult of this increase and activation is the arrest of the cell in the 
cycle, which allows time for the incurred damage to be repaired 
or for the apoptosis of the cell. The failure of normal protective 
and adaptive mechanisms, caused by the mutation of the p53 gene 
and the production of an abnormal protein, permits DNA-damaged 
cells to continue replicating [19].

Phosphatase and Tensin homolog (PTEN), a tumor suppressor 
gene located at human chromosome 10q23, may play a role in cell 
proliferation, the cell cycle and the apoptosis of cancer cells. Ger-
minal mutations of PTEN are associated with Cowden syndrome 
(CS), a multi-hamartomata’s disorder and a rare Mendelian syn-
drome that includes as part of its phenotype breast cancer, an in-
creased risk of thyroid and endometrial cancers, and benign mani-
festations. PTEN has a function in tumor suppression, a nuclear 
function that controls chromosomal integrity. Disruption of PTEN 
leads to extensive centromere breakage and chromosomal translo-
cations. Altered apoptotic signal cascades, such as PTEN deletions, 
may prevent the anti-tumoral effects of therapy [20].

Cyclin-dependent kinase inhibitor 1A (P21), promotes cell cycle 
arrest in response to many stimuli. It acts as both a sensor and an 
effector of multiple anti-proliferative signals. p21 is overexpressed 
in a variety of human cancers including prostate, cervical, breast 
and squamous cell carcinomas and, in many cases, p21 upregula-
tion correlates positively with tumor grade, invasiveness and ag-
gressiveness and is a poor prognostic indicator.

P21 is a protein that acts as a cell cycle arrest. P21 expression is 
usually activated by P53 protein after DNA damage, and it has a role 
in inhibiting several cyclin dependent kinases such as (CDK2, CDK3, 
CDK4 and CDK6) resulting in G1 cell cycle arrest and in block of 
transition in S phase. P21 is also able to determine cell cycle arrest 
in G2 phase. HER2/neu is one of the erbB-like oncogene families 
and is related to epidermal growth factor receptor (EGFR) (figure 
2). This oncogene has been proved to be amplified in human breast 
cancer cell lines, and many studies indicate a correlation between 
its expression and prognosis in breast cancer. Epidermal growth 
factor (EGF), its cognate receptor (EGFR) and related family mem-
bers have been shown to have an important role in the normal and 
the malignant growth of many cell types, including glioblastomata, 
astrocytoma, medulloblastoma, non-small cell lung carcinoma and 
breast cancer. The HER2/neu proto-oncogene encodes a growth 
factor receptor that is overexpressed in 20-30% of metastatic 
breast cancers. This overexpression leads to decreased survival 
and relapse-free periods. The anti-HER2 antibody is formulated to 
block this receptor.

HER2 gene amplification is a complex process including the co-
amplification of other potentially oncogenic genes and the facilita-
tion of the generation of extra genomic aberrations. It is estimated 
that amplification of the HER2 gene occurs in roughly 18-20% of 
breast cancer patients, leading to abnormal overexpression of the 
p185HER2 protein. As a result, HER2 represents an attractive thera-
peutic target [21].

The Ras/Raf/MEK/ERK cascade couples signals from cell sur-
face receptors to transcription factors, which regulate gene ex-
pression. This cascade also regulates the activity of many proteins 
included in apoptosis. The pathway is activated in certain tumors 
by chromosomal translocations such as BRC-ABL, mutations in cy-
tokine receptors such as Flt-3, Kit and Fms, or overexpression of 
wild-type or mutated receptors, such as EGFR. Abnormal activation 
of the Raf/MEK/ERK pathway occurs in human cancer because of 
mutations in the upstream membrane receptors Ras and B-Raf, as 
well as in genes in other pathways (e.g., PI3K, PTEN, and Act) that 
serve to regulate Raf activity. Mutations at B-Raf are frequently de-
tected in definite malignancies, including melanoma and thyroid 
cancer [22].
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The mitogen-activated protein kinase (MAPK) signaling path-
way is a potential target for cancer therapy. HER2/neu overexpres-
sion can activate PI3K and the Ras/Raf/MEK/ERK pathway, lead-
ing to the reduction of wild p53 protein expression. This may be 
the molecular mechanism responsible for the poor prognosis and 
non-responsive therapy of patients with HER2/neu-overexpressed 
breast cancer. The Ras/Raf/MEK/ERK and PI3K/PTEN/AKT signal-
ing cascades have very important roles in the transmission of sig-
nals from growth factor receptors, regulating gene expression and 
preventing apoptosis.

Components of these pathways are mutated or abnormally ex-
pressed in human cancer (e.g., Ras, B-Raf, PI3K, P, Act) and muta-
tions occur in genes encoding upstream receptors (e.g., EGFR and 
Flt-3), while chimeric chromosomal translocations (e.g., BCR-ABL) 
transmit their signals through the cascades. The pathways interact 
to regulate growth and, in some cases, tumorigenesis (Figure 2) 
[22].

PI3K is composed of an 85-kDa regulatory subunit containing 
the SH2 and SH3 domains, and a 110-kDa catalytic subunit. The 
PI3K/Act signal transduction cascade has been extensively inves-
tigated for its roles in oncogenic transformation; uncovering the 

Figure 2: ERBB receptor tyrosine kinases are activated by many mechanisms and consequences resulting from this activation.

signaling network spanning the region from the extracellular envi-
ronment to the nucleus should illuminate biochemical events con-
tributing to malignant transformation. PI3K/Akt signaling has an 
important role in regulating the proteins that control cellular pro-
liferation. These targets involve cyclins, cyclin-dependent kinases, 
and cyclin-dependent kinase inhibitors. Mutations in PIK3CA gene 
are common in invasive breast ductal carcinomas.

Based on the gene expression profile and the phenotype; the 
breast cancer can be divided into six major subtypes. The six major 
subtypes are luminal A, luminal B, tumor enriched with human epi-
dermal growth factor receptor 2 (Her2), basal-like, normal-like and 
Claudine-low subtype. Among them, luminal A is the most common 
subtype characterized by the expression of estrogen receptor (ER), 
progesterone receptor (PR), Bcl-2 and absence of Her2. It accounts 
for 50–60% of the total breast cancer cases. The expression of ER, 
PR, and absence of Her2 are characteristic for luminal B subtype. 
They can be distinguished from luminal a subtype on the basis of 
high Ki67 staining which indicates higher proliferation rate. Both 
luminal A and luminal B subtypes are treated with adjuvant endo-
crine therapy such as tamoxifen and aromatase inhibitors, both of 
which target the ER signaling [23]. These two tumor subtypes are 
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associated with more favorable prognosis. Her2 positive subtype 
constitutes 15–20% of all the breast cancer. It is characterized by 
the high expression of the Her2 gene and high proliferation rate. 
Her2 positive tumors are treated using trastuzumab, an antibody 
against Her2. Although the survival rate has improved in the last 
decade the overall prognosis still remains poor. In contrast to oth-
er tumor subtypes, basal-like breast cancer expresses none of the 
three markers (ER, PR, and Her2), accounting for 10–20% of all 
breast carcinomas, and is often associated with a poor prognosis.

Although the treatment includes the conventional chemothera-
peutic approach, promising strategies are being developed to treat 
basal-like breast cancer, such as poly-ADP ribose polymerase-1 in-
hibitors. Several treatments used to treat breast cancer such as, 
hormone therapy, surgery, physical therapy using radiation and 
targeted therapy such as pomegranate [23].

Pomegranate 

Pomegranate fruit is characterized by a rounded berry with a 
thick reddish skin and covering many white to deep red or purple 
seeds [3].

Multiple signaling pathways involved in inflammation, cellular 
transformation, hyper proliferation, angiogenesis, initiation of tu-
morigenesis, and eventually suppressing the final steps of tumori-
genesis and metastasis can be greatly affected by pomegranate 
constituents, they are shown to modulate transcription factors, 
pro-apoptotic proteins, anti-apoptotic proteins, cell cycle regula-

tor molecules, protein kinases, cell adhesion molecules, pro-inflam-
matory mediators, and growth factors in various cancers such as 
breast cancer and lung cancer [24].

Pomegranate chemical constituent 

The pomegranate fruit consists of white to deep purple seeds in-
cluded in a white spongy astringent membrane covered by a thick 
reddish skin, or pericarp. Pericarp constitutes almost half of the 
fruit weight and contains bioactive constituents, such as phenolic, 
flavonoids, ellagitannins, and proanthocyanidin compounds. Be-
sides various minerals, mainly potassium (K), nitrogen (N), calcium 
(Ca), phosphorus (P), magnesium (Mg), and sodium (Na), as well 
as complex polysaccharides. The other half of the fruit consists of 
seeds (constituting 10% of the fruit weight) and arils (constituting 
40% of the fruit weight) [3].

Pomegranate seeds act as a strong antioxidant and anti-inflam-
matory due to their high content of a hydrolysable tannins (punica-
lagin, pedunculagin, punicalin, gallagic acid, ellagic acid, and esters 
of glucose) and anthocyanins (delphinidin-3-glucoside, cyanidin-
3-glucoside, delphinidin-3, 5-diglucoside, cyanidin-3,5-digluco-
side, pelargonidin-3,5-diglucoside, and pelargonidin-3-glucoside) 
(Figure 3) [25]. It is reported that the seed coat has various organic 
acids, such as ascorbic acid, citric acid, and malic acid, while the 
arils contain water (85%), sugars (10%), mainly fructose and glu-
cose, and pectin (1.5%). There are many bioactive compounds in 
arils such as phenolic and flavonoids, principally anthocyanins. 
Pomegranate seed oil contains mainly conjugated linolenic acid.

Figure 3: Chemical structures of major constituents present in pomegranate.
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Interestingly, punicic acid, a conjugated isomer of linolenic acid 
found exclusively in pomegranate oil, forms 70%–76% of the seed 
oil. Sterols, steroids, and cerebroside constitute the minor share of 
the seed oil.

Effect of pomegranate on breast cancer gene expression

Studies have shown the beneficial effects of pomegranates in 
breast cancer gene expression to upregulate tumor suppressor 
genes and downregulate oncogenes [26].

Polyphenols, which come from fermented Pomegranate juice, 
pericarp, and PSO, inhibit aromatase, which converts androgen 
to estrogen and has an important role in breast carcinogenesis. It 
was shown that they were also able to inhibit 17-β-hydroxysteroid 
dehydrogenase, an estrogen biosynthetic enzyme. Consistent with 
their anti-estrogenic effects, polyphenols from fermented PJ and 
pericarp inhibit cellular growth against both MCF-7 and MB-MDA- 
breast cancer cell lines. DMBA induced cancerous lesion forma-
tion in a murine mammary gland organ culture is inhibited also by 
polyphenols found in fermented PJ [27].

Pomegranate ellagitannins-derived compounds exhibit anti-
proliferative and anti-aromatase activities in breast cancer cells. 
These compounds including ellagic acid, gallagic acid, and uroli-
thins A and B (acetylated, methylated, and sulfated analogs) were 
investigated for their anti-aromatase activity by using placental 
microsome aromatase assay and a live cell-based assay. Aromatase 
activity in the placental microsomes was observed to be signifi-
cantly inhibited by urolithin A, methylated urolithin A, urolithin B, 
methylated urolithin B, acetylated urolithin B, urolithin B sulfate, 
and gallagic acid. Urolithin B was found to be the most potent 
aromatase inhibitor when these active compounds were further 
compared in an aromatase over-expressing cell line. Urolithin B 
significantly inhibited aromatase activity. Such as urolithin B, gal-
lagic also exhibit anti-aromatase activity, it significantly inhibited 
aromatase activity at a dose of 4.7 µM (p ≤ 0.01). They found that 
urolithin B is the best aromatase inhibitor when these active com-
pounds were compared in an aromatase over-expressing cell line. 
Urolithin B was followed by gallagic acid for the anti-proliferative 
effects [28].

The methanolic extract of pomegranate pericarp has the ad-
vantage to make a selective estrogen receptor modulator in hu-
man breast cancer and in vivo model of estrogen deprivation. The 
ligands for estrogen receptors are SERMs and depending on the 

type of tissue may be functioned as agonist or antagonist. SERMs 
are used to treat estrogen-dependent breast cancers. PME treat-
ment has a significant impact to inhibit the proliferation and cell 
growth of MCF7 breast cancer cell lines that is ER+ and no effect on 
the proliferation of ER− MDA MB-231 cells. In addition to that PME 
has a role to inhibit 17β-estradiol-induced proliferation in MCF-7 
cell lines. Furthermore, PME has an advantage also to downregu-
late the expression of estrogen-responsive genes like ERα, pS2, and 
PR in the MCF-7 cells [29].

More recently, a study said that the anti-breast cancer proper-
ties of PFE have a role on the changes of gene expression that occur 
at the genome level in the MCF-7 cell lines. It was noted that the 
PFE treatment reduced proliferation of MCF-7 cells that led to dif-
ferential expression of 903 genes, which include 505 genes were 
upregulated, and 398 genes were downregulated. The genes that 
involved in regulation of apoptosis were upregulated, while the 
genes that involved in mitosis, chromosomal organization, RNA 
processing, DNA damage response, and DNA repair were downreg-
ulated. Genes that are involved in DNA damage response and repair 
were found to be downregulated like such as MRE11, RAD50, NBS1, 
RAD51, BRCA1, BRCA2, BRCC3, and MSH6 [30].

A total of 903 differentially expressed gene entities (1.5-fold cut-
off, P < 0.05) were identified in cells treated with 50µg/mL of PE for 
72 h, where 398 genes were down regulated, and 505 genes were 
upregulated (Figure 4). DAVID functional annotation analysis, per-
formed to highlight the most relevant GO-term enrichment, showed 
134 enriched terms associated with downregulated genes and 264 
enriched terms associated with upregulated genes. Top over-rep-
resented cellular processes sorted by Score, −log (P-value), are 
shown in (Figure 4B and C). Twenty-four differentially expressed 
genes (13 downregulated and 11 upregulated) were selected for 
qRT-PCR validation based on genes classified for cancer-related 
enriched GO-terms (mitosis, DNA replication, DNA repair, chro-
mosomal organization, chromosomal segregation, regulation of 
apoptosis, regulation of cell proliferation) and those that displayed 
the greatest extreme in differential expression (independent of the 
GO-term, based on lowest P-values). The differential gene expres-
sion of most of these genes was confirmed by qRT-PCR (Figure 4). 
We focused on cellular processes that may explain growth inhibi-
tory and pro-apoptotic effects of PE, such as DNA damage response, 
DNA repair and cell cycle control [31].
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Figure 4B shows qRT-PCR validation of the genes that play a 
role in cell cycle control in addition to other processes and in-
clude MCM6, SLK, PLK1, GADD45A, CDKN1A, E2F2, and CCNA2. 
All the genes with the exception of p53 downstream targets GAD-
D45A (growth arrest and DNA-damage-inducible) and CDK-
N1A (p21) exhibited the pattern observed in microarrays. GAD-
D45A and CDKN1A were found to be upregulated in microarrays 

Figure 4: Microarray analysis of PE treatment in MCF-7 cells.

(by threefold) but did not show significant upregulation in qRT PCR 
after 24, 48, and/or 72 h suggesting that the PE-induced cell cycle 
arrest is independent of GADD45A and CDKN1A and perhaps p53. 
In addition, we performed qRT-PCR for some of the known PE tar-
gets, such as JNK-2, AKT, and PI3K genes (Figure 5C), which did not 
appear to be significantly altered in our microarray analysis, but 
were indicated as potential upstream players of DNA repair and cell 
cycle control by Ingenuity Pathway Analysis (IPA) [31].

Figure 5: Changes in gene expression levels after PE treatment.
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The observed fold-change reduction in mRNA levels of these 
genes is consistent with the reduction in their protein levels and/
or activity reported in other studies. IPA identified a highly signifi-
cant network associated with DNA repair and M-phase GO-terms. 
The network involves the genes that were differentially expressed 
by PE treatment and thus provides a valuable model for under-
standing the complex mechanism of PE mediated growth inhibi-
tion (Figure 6). 

Figure 6: Ingenuity Pathway Analysis of significantly 
downregulated genes after PE treatment. 

Aim of Work

The aim of this study was to evaluate the anticancer activity of 
pomegranate seed extract on breast cancer by measuring the dif-
ference in gene expression of GADD45A gene.

Objectives

1. Maintaining and culturing breast cancer cell line (MDA) was 
obtained from VACSERA.

2. Breast cancer cell line was treated by pomegranate concen-
trations (25µg/ml, 50µg/ml, and 100µg/ml) for 24 hours.

3. MTT assay is used to measure the cell viability.

4. RNA isolation and cDNA synthesis.

5. Gene expression level of GADD45A gene was measured by 
qPCR.

6. Data analysis.

Materials and Methods

All these procedures were conducted at Animal Cell Culture and 
Molecular Genetics Laboratories, College of Biotechnology, Misr 
University for Science and Technology, 6th of October city, Egypt.

Material

Breast cancer cell line (MDA) was kindly provided by VACSERA.

Methods 

Cell culturing in breast cancer cell lines (MDA)

Breast cancer cell lines were maintained under the lap of ani-
mal tissue culture at MUST using Roswell Park Memorial Institute 
medium (RPMI medium). MDA breast cancer cells were plated in 
25-cm2 tissue culture flasks at 37°C with 5% CO2 in DMEM-HG 
media supplemented with 10% fetal bovine serum and 1% peni-
cillin-streptomycin (10,000 U/ml penicillin and 10 mg/ml strepto-
mycin). As shown in (Figure 7), cells were trypsinized and divided 
into two aliquots; one for a continuous control and the other for the 
subsequent analysis. 

Figure 7: Different concentration of treatment loaded  
into tissue culture plate.

Cell harvesting

Media was removed from the cells and cells were washed twice 
in pre-warmed PBS. Then 1 ml PBS containing 0.25% (w/v) Trypsin 
EDTA was added to the dishes and incubate at 37°C for 2-3 minutes 
then were shown under inverted microscope if detached or not.

1. After the cells were detached from the dishes, volume of 1 ml 
pre-warmed culture medium was added to neutralize the ef-
fect of trypsin and the cells were transferred to a 15ml falcon 
tube then centrifuge at 2000 rpm for 10 minutes.

2. Cells were transferred to T-50 cell culture flasks pre-loaded 
with 10 ml complete culture media. The flasks were trans-
ferred to the incubator at the standard incubation conditions 
(5% CO2 at 37°C).

Citation: Mahmoud Mohamed Helmy. “In Vitro Study of Pomegranate Seed Extract on GADD45A Gene Expression in (MDA) Breast Cancer Cells". Acta 
Scientific Cancer Biology 4.2 (2020): 10-27.



In Vitro Study of Pomegranate Seed Extract on GADD45A Gene Expression in (MDA) Breast Cancer Cells

20

Preparation of pomegranate 

Fresh fruit of pomegranate was peeled, and its edible portion 
(seed coat and juice) was squeezed in 70% acetone 30% distilled 
water (1:20, by v/v). The red extract was filtered through filter pa-
per. The filtrate was condensed and freeze dried. The freeze-dried 
extract was stored at 4°C to be used for various treatments.

Treatment with pomegranate

1. In a 12-well tissue culture plate, the cells were distributed 
and cultured for 24 hours to be ready for the treatment. Af-
ter the incubation period, the cells were attached and con-
fluent enough (65%) and were ready for the treatment.

2. All the media was aspirated and washed with 1 ml of PBS, 
and then cells were covered with fresh media with three dif-
ferent pomegranate concentrations (25µg/ml, 50µg/ml, and 
100µg/ml). 

3. The plate He's been moved to CO2 incubator. 

4. Then each treatment was collected using trypsin- EDTA to 
dislodge the adherent cells into falcon tubes. The tubes were 
stored in -80°C for subsequent analysis. 

MTT assay protocol ( Vybrant® MTT Cell Proliferation Assay 
Kit):

1. In a 96 well plate the wells were loaded with 5x103cells per 
well, and were cultured till confluency reaches 65%.

2. The wells were divided into two aliquots, one for MTT assay 
and the other for the treated cells. A proportional well was 
left as control. Both treated and control wells were loaded 
with media supplemented with MTT solution. 20μl of MTT 
solution (5 mg/ml) was added to each well including con-
trol wells and the cells were incubated for 3 hours in CO2 
incubator. 

3. About 50μl media was aspirated and then 180μl DMSO was 
added to each well. 

4. The plate was transferred to a shaker water bath with ambi-
ent temperature of 37°C at 250 rpm for 30 minutes to dilute 
the crystals of formazan. The plate was examined for being 
read by ELISA reader at 545nm and reference filter 630nm.

Gene Strand Sequence (5-3)
B-actin Forward strand CCTCGCCTTTGCCGATCC

Reverse strand GGATCTTCATGAGGTAGTCAGTC
GADD45A Forward strand CCAAGGGGCTGAGTGAGTT

Reverse strand TCCTTCCTGCATGGTTCTTTG

Table 1: GADD45A and B-actin sequences of primers.

Primer design:

The sequence of GADD45A, b-actin genes downloaded from Na-
tional Centre for Biotechnology information and primers run on 
Primer-Quest Tool forming.

RNA Extraction from Cell Lines Using Trizol RNA mini Kit

Total RNA was extracted for subsequent gene expression analy-
sis via Qiagen RNA MINI Kit according to the manufactures proce-
dure as following:

Place cells/tissues in trizol and homogenate with pestle.

1. The equipment and work area were cleaned with ethanol, 
DEPC, and RNase. The Sample was placed in 2ml tube con-
tains 500 µl of trizol then homogenize for 1 minute.

2. Samples were incubated at Room Temperature for 5 mins 
and add 100µl of chloroform. Then make shake for 15 sec-
onds and incubate for 3 minutes at room temperature.

3. Then centrifuge at 11300 rpm for 15 minutes. And take the 
upper aqueous layer in new tube. Then an equal volume of 
70% ethanol was added and pipette into column, and centri-
fuge at 10000 rpm for 15 seconds.

4. A volume of 10 µl of DNase was added to 70 µl of RDD buffer 
per column and keep on ice. Then 350 µl of RW1 was added 
and centrifuge at 10,000rpm for 15 seconds.

5. A volume of 80 µl of DNase mix was added to column and 
incubates at room temperature for 15 mins, then 500 µl of 
RPE was added to spine column and centrifuge at 10,000rpm 
for 15 seconds.

6. A volume of 500 µl of RPE was added and spins at 10000 rpm 
for 2 mins and discards collection tube then column was put 
in new collection tube and spin at 10,000rpm for 1 min and 
discard collection tube.

7. The Column was put into capped tube and pipette on 30 µl of 
RNase free water, and then incubated at room temperature 
for 5 minutes. And Spin at 10,000rpm for 1 min to elute the 
RNA and RNA solution was put onto ice and spec using the 
Nano drop.

Complementary DNA Synthesis by M-MLV Reverse Transcrip-
tase kit

The kit was kindly provided from invetrogen. A 20-μL reaction 
volume can be used for 1 ng–5μg of total RNA or 1–500 ng of mRNA.

Add the following components in (Table 2), to a nuclease-free 
micro-centrifuge tube.
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1. A volume of 20-μL reaction was used for 1–500 ng of mRNA. 
Then 1μL of Oligo (dT) was added to reaction. Then added 
1μL of 10mM dNTP Mix and continue the volume to 12μL 
using distilled water.

2. The mixture was heated to 65°C for 5 minutes and quick 
chill on ice. Then centrifugation to collect the contents of the 
tube.

3. A volume of 4μL of 5X First-Strand Buffer was added to reac-
tion with 2μL of 0.1 M DTT and 1μL of RNaseOUT™. Then 
mix and incubate at 37°C for 2 minutes.

4. A volume of 1μL (200 units) of M-MLV R0T was added to 
reaction tube and mix. Then incubate for 50 minutes at 37°C, 
the reaction was inactivated by heating at 70°C for 15 min-
utes. The cDNA can now be used as a template for amplifica-
tion in PCR.

Cell cycle analysis by propidium iodide flow cytometry kit

Principle

Quantitative DNA content analysis in tissue culture cells using 
the nucleic acid stain propidium iodide followed by flow cytometry 
analysis.

Sample preparation

Having a single-cell suspension of the cells being analyzed is a 
critical component of any flow cytometry experiment.

Cells from any species are compatible with Propidium iodine 
staining. Cell line selection and treatment of ant cells are at the 
discretion of the experimenter.

The volumes given assume that a 6-well plate equivalent of cells 
(about ~100,000 - 600,000 cells). Volumes can be expanded pro-
portionately when processing more than one cell.

Collecting suspension cells

1. Cells were cultured normally.

2. cells were gently pipetted up and down if necessary to re-
move any cell aggregates.

3. Proceed to step 1 (2.8.3. sample preparation following cell 
collection).

Sample preparation following cell collection

1. Cells were pelleted at 500 x g for 5 minutes. After that super-
natant were aspirated and discarded.

2. Cells were washed with 1X PBS: 1 mL 1X PBS was added to 
the cell pellet, the cell pellet was gently resuspended and 
spun again at 500 x g for 5 minutes.

3. The cells were fixed in 66% Ethanol on ice: the cell pellet was 
gently resuspended in 400μL ice cold 1X PBS. 800μL ice cold 
100% ethanol was slowly added and mixed well then stored 
at + 4ºC for at least 2 hours.

Assay procedure

1. The previously prepared cells were transferred from 4ºC to 
the bench-top and were equilibrated to room temperature.

2. Cells were resuspended quietly by inverting the tube or by 
quiet up and down pipetting. Thin salt crystals may be ob-
served in the tube but this will not affect the cells sedimenta-
tion in the next step.

3. Centrifuge cells at 500 x g for 5 minutes. Then the superna-
tant was carefully removed without break the pellet. It is bet-
ter to remove the supernatant incompletely than to aspirate 
part of the pellet and lose the cells.

4. Resuspending cells by wash cells gently in 1 mL 1X PBS. 
Again, the cells were pelleted at 500 x g for 5 minutes and 
the supernatant was carefully removed.

5. The cell pellet was gently resuspended in 200μL 1X Prop-
idium Iodide + RNase staining solution.

6. The tubes were incubated at 37ºC in the dark for 20 - 30 min-
utes.

7. Tubes were put on ice (in the dark) and were prepared for 
flow cytometry analysis.

8. Cells that settled during the incubation were gently resus-
pended by pipetting up and down.

9. Samples were run on flow cytometer: Appropriate FSC vs. 
SSC gates were set to exclude debris and cell aggregates. 
Propidium iodide fluorescence was collected in FL2.

Component Volume/Reaction (μl)
5x RT Buffer 4 

25xdNTP Mix (10mM) 1.0 
10x RT Random Primers 1.0 

0.1 M DTT 2.0 
RNase Inhibitor 1.0 

Nuclease-free H2O To 12 
Total per Reaction 20.0 

Table 2: cDNA synthesis reagent.
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Apoptosis detection by Annexin V-FITC apoptosis detection kit

Principle

Annexin V Apoptosis detection kit is based on the observation 
that soon after initiating apoptosis, cells translocate the mem-
brane phosphatidylserine (PS) from the inner face of the plasma 
membrane to the cell surface.

Annexin V-FITC assay protocol

Cells Incubation with Annexin V-FITC

1. Apoptosis was induced by desired method.

2. Cells (1-5 x 105) were collected by centrifugation.

3. Cells were resuspended in 500μl of 1X Binding Buffer.

4. Annexin V-FITC (5µl) and of propidium iodide (5μl) (PI 
50mg/ml, optional) were added.

5. At room temperature for 5 min in the dark samples were in-
cubated. Proceed to B or C below depending on method of 
analysis.

Flow cytometry quantification

Annexin V-FITC binding was analyzed by flow cytometry (Ex = 
488 nm; Em = 530 nm) using FITC signal detector (usually FL1) 
and PI staining by the phycoerythrin emission signal detector 
(usually FL2).

Fluorescence microscopy detection

1. Cell suspension was placed from Step A.5 on a glass slide. 
Then the cells were covered with a glass coverslip.

2. The cells were observed under a fluorescence microscope 
using a dual filter set for FITC and rhodamine.

Cells that have bound Annexin V-FITC will show green staining 
in the plasma membrane.

Cells that have lost membrane integrity will show red staining 
(PI) throughout the nucleus and a halo of green staining (FITC) on 
the cell surface (plasma membrane).

Real-Time PCR assay:

SYBR® green-Master Mix was prepared by adding components 
(except template cDNA) for each 25 reactions to a tube at room 
temperature.

The template cDNA was added to the individual PCR tubes or 
wells containing the master mix, then was placed the samples in 
the cycler and start the program (StepOne plus software).

Result and Discussion

In the present study, the effects of total polyphenolic compound 
in pomegranate seed on the gene expression of GADD45A in breast 
cancer cells (MDA) have been identified. Cell viability, cell cycle 
analysis and apoptosis analysis have been identified also through 
different concentrations from treatment.

MTT assay

The following figure 8 showed that the concentration 1 from 
pomegranate polyphenolic extract treatment (25µg/ml) has cell 
viability by percentage of 71.79%. The concentration 2 from pome-
granate polyphenolic extract treatment (50µg/ml) has cell viability 
by percentage of 63.24%. While concentration 3 from pomegranate 
polyphenolic extracts treatment (100µg/ml) has the lowest cell vi-
ability by percentage of 11.7%.

Maxima SYBER Green qPCR Master Mix, with ROX* 5µl
Forward Primer 1µl
Reverse Primer 1µl

Water, nuclease free 1µl

Template cDNA 2µl
Total Volume 10µl

Table 3: Real-time PCR component.

Figure 8: The cell viability of different concentration from 
pomegranate polyphenolic treatment.

As shown in this chart, the best concentration is concentration 3 
from pomegranate polyphenolic extract treatment (100µg/ml) as it 
showed the lowest cell viability by percentage 11.7% by comparing 
with a control that showed the cell viability by percentage 76.06%.

The observations in the present study demonstrate molecular 
actions of PE beyond anti-oxidation in MDA cells including evi-
dence of downregulation of DNA repair.
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Earlier studies have reported growth inhibitory, pro-apoptotic, 
and anti-invasive properties of PE in different cancer cell lines [32].

Scientists had studied the effects of various doses of PE treat-
ment on MCF-7 and MDA cell growth. Treatment with 0–100µg/
mL of PE significantly inhibited MDA and MCF-7 cell growth in 
a dose- and time-dependent manner as measured by acid phos-
phatase assay and crystal violet assay. Both assay measurements 
showed similar effects at all the doses and time points [30].

A dose of 20µg/mL inhibited cell growth by approximately 30% 
and 35% at 72 and 96 h, respectively, whereas 50µg/mL of PE in-
hibited cell growth by about 50% and 80% at 72 and 96 h, respec-
tively, compared to untreated controls. Cell numbers remained 
similar throughout the treatment period at an exposure dose of 
50µg/mL indicating the significant inhibition of cell growth. Given 
that PE is standardized to ∼40% punicalagin and 3.4% free ellagic 
acid, 50µg/mL of PE is equivalent to ∼18.44 µM punicalagin and 
∼5.62 µM free ellagic acid according to [33]. 

Other studies also examined the effect of PE pretreatment. Cells 
maintained in PE-free medium after PE pretreatment showed 
about threefold reduction or 48 h delay in cell growth in compari-
son to their respective controls. This suggested that PE-gene in-
teractions established during treatment were responsible for the 
sustained growth arrest.

G0/G1% S% G2/M% Pre-G1%
C 59.52 34.79 5.69 2.22

T1 46.52 28.37 25.11 13.06
T2 51.34 29.44 19.22 8.49
T3 39.42 33.52 27.06 15.35

Table 4: Cell cycle analysis for different concentration of 
treatment at different cell cycle stages.

Figure 10: Cell cycle analysis of PE treatment in MDA cells. (A) Cell cycle analysis of control sample at different cell cycle stages. 
(B) Cell cycle analysis of treatment concentration 1 (25µg/ml) at different cell cycle stages. (C) Cell cycle analysis of treatment 

concentration 2 (50µg/ml) at different cell cycle stages. (D) Cell cycle analysis of treatment concentration 3 (100µg/ml) at 
different cell cycle stages.

Cell cycle analysis
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The best concentration from pomegranate polyphenolic extract 
is concentration 3 (100ug/ml) because it showed the highest per-
centage of growth arrest at G2/M stage by percentage (27.06%) by 
comparing to control that showed the growth arrest at G2/M stage 
by percentage (5.69%) as shown in Figure 9,10 and Table 4.

The earlier study showed continuous cell growth inhibition 
with 50µg/mL of PE throughout the 72-h treatment period. PE 
treated cells accumulated in G2 phase possibly due to G2/M cell 
cycle arrest and also underwent apoptosis. The degree of cell cycle 
inhibition was similar at 24 and 72 h. These results indicate that 
interference with cell cycle regulation pathways may be one of the 
mechanisms of cell growth inhibition by PE [34].

Apoptosis

 
Apoptosis

Total Early Late
C 2.22 1.52 0.06

T1 13.06 3.46 8.02
T2 8.49 2.72 5.01
T3 15.35 4.89 8.85

Table 5: Apoptosis analysis at different concentrations from 
pomegranate polyphenolic extracts treatment.

The best concentration from pomegranate polyphenolic extract 
is concentration 3 (100ug/ml) because it showed the highest total 
number of apoptotic cells which is (15.35) by comparing to control 
that showed the total number of apoptotic cells which is (2.22) As 
shown in Figure 11, 12 and Table 5. With agreement with cell cycle 
analysis as shown in Figure 9, 10 and Table 4 the concentration 3 
(100µg/ml) may be recommended to be the best concentration for 
anticancer treatment.

Earlier studies showed that the pomegranate extracts induce 
apoptosis in about 50% of the cells at concentrations of pomegran-
ate polyphenolic extract at concentration (50µg/ml) and concen-
tration (100µg/ml).

Pomegranate has a pro-apoptotic activity according to several 
studies. The pomegranate methanolic extract has a role on human 
breast cancer cells (MDA and MCF-7) which induced apoptosis at 
treatment concentration of 100μg/mL [35]. The pro-apoptotic ef-
fect of pomegranate extracts (40μg/mL) was also investigated on 
human breast cancer cells (MDA and MCF-7) as a single treatment 
or in combination with genistein.

Combination from treatment over the single compound from it 
is effect on apoptosis induction and cell growth inhibition. Combi-
nation of genistein and pomegranate could be useful in association 
with anticancer drugs used for breast tumor [36].

Real time PCR

Figure 12: Cell cycle analysis of PE treatment in MDA cells. 
(A) Apoptotic analysis of control sample. (B) Apoptotic 

analysis of treatment concentration 1 (25µg/ml). (C) 
Apoptotic analysis of treatment concentration 2 (50µg/
ml). (D) Apoptotic analysis of treatment concentration 3 

(100µg/ml).

Samples 
control

GADD45A Ct B-actin Ct dCt ddCt RQ
32 33 -1 0 1

T1 30 33 -3 -2 4
T2 31 33 -2 -1 2
T3 29 33 -4 -3 8

Table 6: Relative quantification graph showed that the gene ex-
pression of GADD45A relative to B-actin.
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Figure 14: Amplification blot of GADD45A gene.

• The concentration one from pomegranate polyphenolic ex-
tract (25µg/ml) showed that the GADD45A gene is upregulat-
ed by 4 threefold by compared to B-actin housekeeping gene.

• The concentration two from pomegranate polyphenolic ex-
tract (50µg/ml) showed that the GADD45A gene is upregulat-
ed by 2 threefold by compared to B-actin housekeeping gene.

• The concentration three from pomegranate polyphenolic ex-
tract (100µg/ml) showed that the GADD45A gene is upregu-
lated by 8 threefold by compared to B-actin housekeeping 
gene.

The concentration 3 from pomegranate polyphenolic treatment 
showed highest GADD45A gene expression which means the gene 
is upregulated and it is function as growth arrest and DNA dam-
age inducible alpha so it recommended using this concentration to 
treat breast cancer patient as shown in Figure 13.

Earlier studies showed that polyphenolic compound from 
pomegranate extract induce cell cycle arrest or apoptosis by acti-
vating and upregulate GADD45A at different concentration (50µg/
ml, 100µg/ml and 200µg/ml) [37] which is compatible with data 
in this research.

Other studies showed that the PE-induced cell cycle arrest 
by overexpression to the genes such as MCM6, SLK, PLK1, GAD-
D45A, CDKN1A, E2F2, and CCNA2 and p53 in a dose independent 
manner [28,38-40].

Conclusion

In conclusion, the present study demonstrated that pomegran-
ate polyphenolic extract is a potent inhibitor of breast cancer cells 
(MDA cells) in vitro by inhibiting cell viability and upregulation 
to tumor suppressor gene through different concentrations from 
treatment.

Figure 15: Melt curve of GADD45A gene.

GADD45A gene is upregulated through different concentrations 
from pomegranate polyphenolic extract treatment by comparing 
with the housekeeping gene B-actin as shown in Figure 13.
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