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Abstract 
 

Background: Triple-negative breast cancer (TNBC) is treated with highly aggressive non-targeted 

chemotherapies. Safer and more effective therapeutic approaches than those currently in use are needed. 

Natural pomegranate peel extract (PPE) has recently been found to inhibit breast cancer progression; however, 

its mechanisms of action remain unclear. We hypothesized that transcriptional changes in the genes encoding 

the adherence proteins of intercellular adhesion molecule-1 (ICAM-1) and vascular endothelial growth factor 

(VEGF), may explain, at least in part, the anti-metastatic properties of PPE. Recently, the tumor 

microenvironment has been recognized as a key contributor to cancer progression. We speculated that PPE acts 

by modulating matrix glycoproteins including MMP9 and fibronectin. Moreover, we hypothesized that VEGF, 

which is required for tumor development, may contribute to the antimetastatic effects of PPE. 

Methods: To address these possibilities, MDA-MB-231 cells were treated with different doses of PPE at 

different time points. Apoptosis was detected by flow cytometry using annexin V and propidium iodide. Cell 

migration was detected with a transwell assay. Gene expression changes were analyzed by real-time PCR.      

Results: Exposure to PPE resulted in TNBC cell death and markedly inhibited PPE-resistant cell migration. 

Moreover, PPE up-regulated the expression of ICAM-1, a protein essential for cell adhesion, and down-regulated 

the expression of MMP9, fibronectin, and VEGF, the products of which contribute to cancer cell migration. 

Conclusions: Transcriptional changes in ICAM-1, MMP9, fibronectin, and VEGF may contribute to PPE-

mediated antimetastatic effects in TNBC.  
 

Keywords: Gene Expression, Metastasis, Natural Product, Pomegranate Peel Extract (PPE), Triple Negative 
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Introduction 
Breast cancer is the most commonly-diagnosed 

cancer and leading cause of cancer death among 

women worldwide (1). Breast cancer is a 

heterogeneous disease and one characteristic 

routinely used for its classification is its cell receptor 

status. The estrogen receptor (ER) is overexpressed 

in 60–70% of human breast cancers, and about 

65% of ER-positive breast cancers are also 

progesterone receptor (PR) -positive. Human 

epidermal growth factor receptor 2 (HER2) is 

overexpressed in 15-20% of human breast cancers. 

However, triple-negative breast cancer (TNBC)  

 

lacks ER, PR, and HER2 biomarkers and constitutes 

10–15% of all breast cancers (2). Those cancers that 

express ER, PR, or HER2 are responsive to targeted 

therapies directed at these receptors; however, 

because no targeted agents have been yet explored 

for TNBC, this subtype is often highly metastatic 

and patients have poor clinical outcomes (3). 

Although conventional drug therapy has been 

developed, until now, all drug options are toxic and 

none reduces the risk of disease progression for 

TNBC patients. The limited efficacy of current 

therapies against TNBC tumors has led to searches 
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for novel combinatorial treatments. Recently, 

efforts to identify natural remedies to fight cancer 

have increased (4, 5). In a search for an agent that 

decreases progression of TNBCs, we 

evaluated pomegranate (Punica granatum), a 

medicinal plant containing bioactive 

phytochemicals that has been used to treat a variety 

of diseases including cancer (6). Pomegranate fruit 

can be divided into several anatomic compartments 

including seeds, juice, and peel, all of which have 

pharmacological activities. Modaeinama et al. 

showed that the peel extract of pomegranates 

native to Iran has significantly high phenolic and 

flavonoid contents. Moreover, 2,2-diphenyl-1-

picrylhydrazyl (DPPH) IC50 analysis indicated 

high antioxidant activity of PPE (7). Several studies 

have shown that PPE has anti-proliferative and pro-

apoptotic effects; however, little data is available 

regarding its antimetastatic effects (7, 8). 

Moreover, little is known about the molecular 

mechanisms affected by PPE that inhibit cancer 

progression, and in particular, those processes that 

lead to metastasis. It has recently been 

demonstrated that expression changes of cell 

adhesion molecules (CAMs) alter metastatic 

potential of cells. Accordingly, we hypothesized 

that transcriptional changes of molecules that affect 

cell adhesion, such as intercellular adhesion 

molecule 1 (ICAM-1) and vascular cell adhesion 

molecule 1 (VCAM-1) may explain, at least in 

part, the anti-metastatic properties of PPE. Another 

important element of mammary tumor progression 

to malignancy is the tumor microenvironment, 

which is created by the tumor and dominated by 

tumor-induced interactions (9). In this regard, we 

proposed that PPE may affect expression of 

matrix metalloproteinase 9 (MMP9) and 

fibronectin as key components of the tumor 

microenvironment. Moreover, vascular 

endothelial growth factor (VEGF) secretion is a 

prerequisite for tumor development. Although 

most of the effects of VEGF have been shown to 

be attributable to the stimulation of 

endothelial cells and angiogenesis, evidence also 

indicates that the VEGF-VEGFR1 signaling 

pathway is crucial for tumor metastasis (10).  

To test these possibilities, MDA-MB-231 

cancer cells as a TNBC model were treated with 

various concentrations of PPE at different time 

points. Thereafter, apoptosis, cell migration, and 

transcription of genes encoding products involved 

in cell adhesion and migration were analyzed. The 

aim of this study was to characterize the inhibitory 

effects of PPE on cancer progression and 

metastasis in MDA-MB-231 cells. Identification 

of potential PPE targets may lead to effective use 

of pomegranate for breast cancer treatment. 

 

Materials and methods 
PPE preparation  

Pomegranate skins were isolated, dried, ground into 

powder, and extracted with methanol. The extracts were 

concentrated under vacuum at 40°C and stored at -20°C. 

Cell culture 

The human metastatic breast cancer cell line, MDA-

MB-231, was obtained from the National Cell Bank of 

Iran (Pasteur Institute of Iran, Tehran, Iran). Cells were 

cultured at 37 °C in a 5% CO2 humidified atmosphere 

in Dulbecco’s Modified Eagle Medium (DMEM) 

containing 10% fetal calf serum (FBS) and 1% 

penicillin-streptomycin at 10,000 units/ml. 

Apoptosis assay 

The cells were seeded in 6-well microplates and 

allowed to proliferate until the confluency reached 

70–80%. Cells were incubated with 12.5, 25, 50, 100, 

250, 500, and 1000 μg/ml of PPE for 24h, 48h, and 

72h. Then the media were removed and cells were 

suspended in 500 μL of binding buffer. The cells 

were then incubated with annexin V-FITC and 

propidium iodide (PI) in the dark for 15 min at room 

temperature. Early and late apoptotic and necrotic cell 

populations were determined by constructing a dot-

plot with the aid of fluorescence-activated cell sorting.  

Migration assay 

The transwell migration assay was performed as 

described before (11). Briefly, MDA-MB-231 cells 

were plated on the upper side of a polycarbonate 

membrane of a transwell chamber in medium 

without serum. The cells were washed twice with 

PBS, incubated with 12.5, 25, 50, 100, 250, 500, and 

1000 μg/ml of PPE for 24 h, fixed and then stained 

with 4',6-diamidino-2-phenylindole (DAPI). Four 

random fields of cells migrating through the 

membrane were counted on an Olympus IX71 

fluorescence microscope.  
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RNA extraction and real-time PCR 

Total RNA was isolated from the PPE-treated MDA-

MB-231 cells using TriPure Isolation Reagent (Roche, 

Germany) following the manufacturer's instructions. 

To remove genomic DNA contamination, the 

extracted RNAs were treated with DNase I. To 

synthesize cDNA, 1 μg of RNA was mixed with 1 μl 

of oligo (dT) (0.5 μg/μl) and incubated at 65˚C for 5 

min. After cooling on ice, each sample was mixed with 

4 μl of 5X buffer, 2 μl of 10 mM dNTPs, 0.5 μl of 

RiboLock, and 1 μl of M-MLV-RTase, and incubated 

at 42 ˚C for 60 min, followed by 70˚C for 10 min. The 

synthesized cDNAs were diluted in distilled water 

(1:3) and 2 μl of the diluted cDNA samples were 

mixed with real-time PCR reaction mixture containing 

10 μl of 2X SYBR Green PCR Master Mix (Parstous, 

Iran) and 1 μl of specific primer pairs in final 20 μl 

volumes. Samples were incubated at 95 ˚C for 10 min, 

then amplified by 40 cycles of 95 ˚C for 15 sec, 60 ˚C 

for 30 sec, and 72 ˚C for 30 sec (12). Primers used in 

this study are shown in Table 1. The housekeeping 

gene, glucuronidase beta (GusB), was used to 

normalize target gene expression. The comparative 

expression level of each target gene was calculated by 

2-ΔΔCT. Melting curves were used to determine non-

specific amplification. 
 

Table 1. Real-time PCR primer sequences. 

Primers sequence Product size 

ICAM-1 
F: AGGCCACCCCAGAGGACAAC 

406 bp 
R: CCCATTATGACTGCGGCTGCTA 

VCAM-1 
F: CGTCTTGGTCAGCCCTTCCT 

460 bp 
R: ACATTCATATACTCCCGCATCCTTC 

MMP9 
F: GCACGACGTCTTCCAGTACC 

124 bp 
R: CAGGATGTCATAGGTCACGTAGC 

Fibronectin 
F: TCCTTGCTGGTATCATGGCAG 

74 bp 
R: AGACCCAGGCTTCTCATACTTGA 

VEGF 
F: CCTTGCTGCTCTACCTCCAC 

280 bp 
R: ATCTGCATGGTGATGTTGGA 

GusB 
F: CTC ATT TGG AAT TTT GCC GAT T 

81 bp 
R: CCG AGTGAA GAT CCC CTT TTT A 

 
 

Statistical analysis 

The data were analyzed and visualized using 

GraphPad Prism version 6.0. Differences 

between the groups were assessed by one-way 

ANOVA followed by Dunnett’s test. Data are 

presented as means ± standard deviations 

(SDs).  
 

Results 
The effects of PPE on apoptosis of MDA-MB-231 cells 

To investigate whether PPE affects TNBC cell 

apoptosis, cells were dual-labeled with Annexin V-

FITC and PI. After PPE treatment for 24, 48, and 72 h, 

the percentages of the early and late apoptotic and 

necrotic cells were increased (Fig. 1).  
 

 
Fig. 1. Flow cytometry with Annexin V and propidium iodide staining. Cells were treated with PPE at the indicated doses for 24, 48, and 72 h and 

apoptosis was assessed by flow cytometry. The four quadrants represent living cells (Annexin V-PI-), early apoptotic (Annexin V+PI-), late apoptosis 

(Annexin+PI+) or necrotic (Annexin V-PI+) stages. Values shown are percentages of each quadrant. 
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Cells treated with 500 or 1000 μg/ml of 

PPE for 24, 48, and 72 h were significantly 

more apoptotic than controls (data not 

shown).  

 

The effects of PPE on migration motility in 

MDA-MB-231 cells 

Cell migration was evaluated using a two-chamber 

transwell system. Cells were cultured with the various 

doses of PPE for 24 h and cells that had traversed the 

membrane to the bottom side were fixed and stained. 

The results showed that PPE inhibited cell migration 

in a dose-dependent manner (Fig. 2). 

 

PPE altered metastasis-associated gene expression 

Exposure of MDA-MB-231 cells to PPE for 48 

and 72 h increased ICAM-1 and decreased 

MMP9, fibronectin, and VEGF mRNA 

expression in a dose-dependent manner. The 72-

hour result is shown in Figure 3 (Fig. 3). PPE 

had no effect onVCAM-1 expression (data not 

shown). 
 

 

Fig. 2. PPE inhibits MDA-MB-231 cell migration. (A) Cells on the transwell filter that migrated to the lower surface of the filter were 

fixed and then stained with DAPI and photographed on a light microscope. The bars represent 200 μm. (B) The results are an average of 

the number of migrated cells on the underside of the filter. Significance was set at *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. 

 

 

  

(A) 

(B) 
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Fig. 3. PPE modulates gene expression in MDA-MB-231 cells. Total RNA from PPE-treated and untreated MDA-MB-231 cells was extracted after 72 h of 

incubation, cDNA was synthesized, and real-time PCR was performed. ICAM-1 was upregulated while MMP9, fibronectin, and VEGF were 

downregulated by PPE in a dose-dependent manner. The data represent the means ± SDs (*P < 0.05, **P < 0.01). 
 
 

Discussion 
This study identified genes that might serve as 

biomarkers involved in the antimetastatic property of 

PPE on TNBC cells. We showed that PPE inhibits 

TNBC cell migration and stimulates the expression of 

genes involved in cell adhesion while reducing the 

expression of genes involved in cell invasion and 

migration.  

Recently, it has been found that expression 

changes of several cell adhesion molecules alter the 

metastatic potential of cells. Among these is ICAM-1, 

a transmembrane glycoprotein in the 

immunoglobulin superfamily. In a clinicopathologic 

analysis of colorectal cancer, a correlation was found 

between ICAM-1 expression and patients’ prognoses. 

Patients with ICAM-1-negative tumors had 

significantly poorer prognoses than those with 

ICAM-1-positive tumors (13). Injection of colon 

cancer cells into ICAM-1-deficient mice promoted 

tumor progression and metastasis, whereas no change 

in tumor cell proliferation was reported (14). These 

findings indicate that ICAM-1 may have an 

important role in initiation and progression of 

metastasis. Wang et al. showed that treatment of 

prostate cancer cells with pomegranate juice 

upregulated genes involved in cell adhesion such as 

ICAM-1 (15). In our study, the finding that PPE 

 

upregulates ICAM-1 suggests that the anti-metastatic 

effect of PPE may be partially due to increased 

ICAM-1 expression. 

Vascular cell adhesion molecule 1, expressed on 

endothelial cells under inflammatory conditions, 

mediates leukocyte rolling, adhesion, and 

transmigration from the inner surface of blood vessels 

into tissue (16). Moreover, some cancer cell types 

express VLA-4, a ligand for VCAM-1. Interaction of 

VLA-4-positive tumor cells in the circulation with 

VCAM-1 on the activated endothelium enhances 

their transmigration into the subendothelium to make 

a new tumor site (17). In addition to endothelial 

expression of VCAM-1 and its role in metastasis, 

some cancer cell types also express VCAM-1. These 

cancer cells, by attracting VLA-4-positive monocytes 

and macrophages, are protected from immune 

surveillance (18). Additionally, binding of 

macrophages to VCAM-1 enhances survival signals 

in breast cancer cells that invade the lungs (19). 

Significant reductions in serum (soluble) VCAM-1 

was reported after pomegranate juice intake (20). We 

found no decrease in VCAM-1 expression in TNBC 

cells. Further investigation should be performed to 

determine the mechanism by which pomegranate 

alters VCAM-1 expression. 

The extracellular matrix (ECM) is a protein-rich 

environment that serves many functions including 
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tissue support, regulation of cell-cell adhesion and 

communication, and support for cell chemotaxis and 

migration (21). A large body of evidence 

demonstrates that ECM proteins are aberrantly 

expressed in human cancers and actively contribute 

to tumor progression. In particular, the matrix 

metalloproteinases (MMPs), as major ECM 

components, have received increasing interest due to 

their participation in multiple stages of tumor 

progression. MMPs degrade and remodel the ECM, 

allowing tumor cell migration (22, 23). MMP9, an 

MMP family member, was introduced as a poor 

prognosis signature for breast cancer patients (24). 

MMP9 knockdown and gene silencing experiments 

showed reduced invasiveness and tumor growth in 

TNBC cells (24). Our data, in which PPE decreased 

MMP9 expression, suggests PPE as a drug that 

targets MMP9. 

Fibronectin, another structural ECM 

component, is over-expressed in several cancers 

and has been shown to promote tumor growth and 

invasion (25). Overexpression of SOX2, through 

upregulation of fibronectin, increased cell 

migration and invasion in ovarian cancer cells (26). 

Wei et al. showed that nicotine increased colon 

cancer cells migration through upregulation of 

fibronectin. It was also shown that COX-2 

signaling was involved in this induction (27). 

Knowles et al. found that fibronectin and integrin 

αvβ3 induced lung metastasis through upregulation 

of the transcription factor Slug, which mediates 

epithelial-mesenchymal transition (28). Balanis et al. 

showed that adhesion of MDA-MB-231 breast 

cancer cells to fibronectin promotes cancer 

progression through a fibronectin-dependent STAT3 

signaling pathway (29). Here, decreased expression 

of fibronectin may indicate its effect on metastasis 

inhibition after PPE exposure in TNBC cells. 

Targeting VEGF signaling is an attractive approach 

to prevent tumor metastasis because cancer cells 

require angiogenesis to metastasize. Angiogenesis 

provides nutrients to tumor cells and provides them the 

opportunity to enter the circulation to form distant 

metastases. Tumor angiogenesis is elicited and 

regulated by several factors including VEGF-A, which 

is secreted by tumor cells and plays an important role 

in angiogenesis (30). Evidence from preclinical and 

clinical studies indicates that VEGF is predominantly 

associated with the formation of metastatic foci and 

poor prognosis (30, 31).VEGF binding to its receptor 

induces receptor dimerization and 

autophosphorylation, leading to activation of some 

signaling pathways including MAPK and ERK, which 

are involved in cell proliferation, survival, and 

migration (31). Decreased VEGF expression after 

treatment with PPE treatment suggests it may 

contribute to PPE’s antimetastatic effects.  

The outlook for pomegranate as an 

antimetastatic drug can be improved by unraveling 

the mechanisms that mediate its antimigratory 

properties and identifying its novel targets. To our 

knowledge, this is the first report on the 

transcriptional changes of some key genes involved 

in metastasis after exposure of TNBC cells to PPE, 

and these results may at least partly explain the 

underlying mechanisms of this effect. 
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