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Introduction

Breast cancer is the most common cancer affecting 
women worldwide (Siegel et al., 2020). Thousands of 
new cases are identified each year and an estimated 
2.3 million new cases, representing 11.7% of all cancer 
cases and 685,000 deaths reported in 2020 (Sung et al., 
2020). Although conventional treatment regimens such 
as chemotherapy can suppress the initial phases of breast 
cancer development, the high morbidly and mortality rate 
of the disease is dependent on its ability to metastasize 
(Chaffer and Weinberg, 2011; Bai et al., 2016). As the 
advanced cancer prognosis in breast cancer patients is 
correlated with the metastasis aggressive stage, a new 
effective adjuvant agents for the treat of metastatic breast 
cancer must be found.

The epithelial-mesenchymal transition (EMT), 
which has been identified to play an essential role in 
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embryogenesis process and other fundamental activities 
such as wound healing and tissue remodeling (Kalluri 
and Weinberg, 2009b; Yan et al., 2010), is found to be 
involved in cancer progression, poor disease prognosis, 
and resistance to chemotherapy (Turner and Reis-Filho, 
2013; Hu et al., 2016; Kubiliūtė et al., 2016; Sadreddini 
et al., 2017). EMT, followed by polarity loss and motility 
gain, has been shown to play a crucial role in the metastasis 
process (Brabletz, 2012; Hou et al., 2014). Epithelial 
protein markers such as E-cadherin that typically 
encourage cell-cell contact may be lost during EMT, 
while cells acquire mesenchymal protein markers such as 
N-cadherin and Vimentin to boost their ability to migrate 
and invade. Both steps are crucial events in the initial 
phase of metastasis (Polyak and Weinberg, 2009; Thiery et 
al., 2009).  In addition, metalloproteinases (MMPs), which 
are secreted by tumor cells undergoing EMT, degrade 
the structural components of the extracellular matrix to 
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promote tumor cell migration while activating growth 
factors or inactivating protease inhibitors at the same time 
(Groblewska et al., 2010). Studies have also shown that 
EMT is involved in cancer stem cells (CSCs) generation 
(Brabletz, 2012; Mani et al., 2008; Singh and Settleman, 
2010). CSCs are a small subpopulation of cancer cells 
that self-renew and contribute to cancer metastasis and 
chemoresistance (Abdullah and Chow, 2013; Velasco-
Velázquez et al., 2011). 

Numerous reports have shown that initiation of 
EMT and post-EMT maintenance depend on the 
microenvironment and the production of inflammatory 
cytokines (Jing et al., 2011; Scheel et al., 2011). Cancer-
related inflammation is now recognized as a hallmark 
of cancer, and inflammation-related pathways have 
been targeted as a possible therapy option for cancer 
patients (Mantovani, 2018). One of the most commonly 
characterized pathway used by cancer cells to induce 
inflammation is NF-κB signaling (Grivennikov et al., 
2010). NF-κB is crucial for carcinogenesis of many 
cancers as its activation stimulates tumor development 
and progression (Gupta et al., 2010). In the context 
of EMT, it has been documented that NF-κB directly 
activates Snail which is a well-established transcriptional 
regulator of EMT (Chua et al., 2007). Thus, inhibition 
of inflammatory-regulated pathways like NF-κB would 
suppress EMT and could potentially lead to more effective 
therapeutic options. 

CU has been used as a traditional treatment for several 
diseases such as skin diseases in the Arabian Peninsula for 
centuries. Studies have documented the pharmacological 
effects of CU to include; anti-fungal and anti-inflammatory 
properties ( Al-Bashan, 2011; Al-Yousef et al., 2012). 
Moreover, the chemical constituents of CU also 
contain metabolites like canavanine, a byproduct of the 
metabolism of amino acids and urea, that demonstrated a 
potent activity against tumor cells (Ahamad et al., 2017). 
This is in accordance with previous reports that have 
shown CU to have anti-cancer effects on different types 
of tumors (Al-Yousef et al., 2012; Alghamdi Z, 2012). 
Also, to induce cell death through DNA fragmentation, 
regulate inflammation-related genes and disrupt metastasis 
by down regulating several angiogenesis-related proteins 
in  breast cancer cells (Romli et al., 2017). 

As the necessity to identify substances that modulate 
the survival or malignancy of cancer cells in rise and 
considering the essential function of EMT in tumor 
metastasis and therapeutic resistance, the present study 
aimed to explore the possible mechanism(s) by which CU 
exert its anti-cancer effects precisely on the metastasis 
potential of cancer cells and chemotherapy efficacy.

Materials and Methods 

Materials
All chemicals used were of analytical grade and were 

obtained from Sigma. The following antibodies were 
purchased from Cell signaling technology: Caspase-3, 
cleaved Caspase-3, Caspase 9, PARP, Cleaved PARP, 
E-cadherin, Vimentin, p-γ-H2Ax, Snail, STAT3, p-STAT3 
and rabbit secondary antibody. Antibodies against NF-κB/

p65, Bax, Bxl-xl, β-Actin, IκB-α and mouse secondary 
antibodies were purchased from Santa Cruz Biotechnology. 
Antibody against COX-2 was obtained from Cayman 
chemical, ALDH1 from Abcam and N-cadherin from BD 
Bioscience. RIPA lysis buffer was purchased from Sigma-
Aldrich. Enhanced chemiluminescence detection kit was 
from Bio-Rad. Doxorubicin and 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide was obtained from 
Sigma-Aldrich.

Preparation of camel urine sample
The urine samples were collected from female virgin 

(1-5 years) from Kuwait desert and placed in sterile 
containers. Samples were then transferred to glass vials 
and lyophilized using Savant freeze dryer (Thermo 
Scientific, Savant Speed Vac SC210A, Germany) 
instrument in which the urine was converted into powder 
as a result of evaporation. The lyophilized urine was 
collected in an amber glass bottle and refrigerated at 4oC. 
Stock solution was prepared by dissolving the powdered 
urine sample in sterile distilled water and filtered through 
Minisart syringe filter (Sigma, St Louis, MO) pore size 0.2 
μM, aliquot and kept at -20oC until further use.

Cell culture
MDA-MB-231 and MCF-7 cells (generous gift from 

Dr Abdelilah Aboussekhra, King Faisal Specialist Hospital 
and Research Center, KSA). Cells were grown in RPMI 
164 supplemented with 2 mM L-glutamine, and 25 mM 
HEPES, 10% heat inactivated foetal Calf serum, Penicillin 
(100 unit/ml), and Streptomycin (100 μg/ml), at 37oC in 
humidified atmosphere of 5% CO2. Cells in passages 1–4 
were used. Cells were treated with various concentrations 
of CU (5-30 mg/mL) and DOX (1 μM) for different time 
periods. 

Mitochondrial extract
After incubation with CU (5-30 mg/ml) or DOX 

(1 µM) or both, breast cancer cells (2x107 cells) were 
pelleted by centrifuging at ~850 ×g for 2 min. The 
extraction was performed according to the manufacturer’s 
instructions from the mitochondrial isolation kit (Thermo 
scientific). The supernatant was discarded and 800 µl of 
mitochondria isolation reagent A was added to the pellet, 
then vortexed at medium speed for 5 sec and incubated on 
ice for exactly 2 min. Subsequently, 10 µl of mitochondria 
isolation reagent B was added, vortexed at maximum 
speed for 5 sec, and incubated on ice for 5 min. 800 µl 
of mitochondria isolation reagent C was then added and 
tubes were inverted several times to mix, centrifuged at 
700 ×g for 10 min at 4°C and supernatant was transferred 
to a new tube and centrifuged at 3,000 ×g for 15 min. 
The supernatant (cytosol fraction) was transferred to 
a new tube and kept at -20˚C, 500 µl of mitochondria 
isolation reagent C was then added to the pellet which 
was centrifuged at 12,000 ×g for 5 min. The supernatant 
was discarded and 50 µl of RIPA lysis buffer was added 
to the pellet and vortexed for 30 min Finally, the tube was 
spun for 5 min at 12,000 xg, supernatant was collected, 
and protein concentration was determined using Epoch 
microplate spectrophotometer.
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treated with CU (0-30 mg/ml) or DOX (1 μM) or both and 
incubated for 24 hrs before trypsinization and counting 
using Vi-Cell analyzer (Beckman Coulter, USA). Data 
was presented as proportional viability (%) by comparing 
the treated group with the untreated cells, the viability of 
which is assumed to be 100%. Cell morphological changes 
were detected by either Ziess axiovert-40 phase contrast 
microscopy or cell observer.

Flow cytometer analysis 
After 24 hrs incubation with CU, medium containing 

floating cells from petri dishes were collected and 
deposited in their corresponding tube and then 700 µl of 
trypsin was added to each plate and incubated for 3 min. 
Media was added to deactivate the trypsin and the cells 
were collected in their corresponding tubes, centrifuged at 
1,500 rpm for 5 min. The supernatant was then discarded, 
and the pellet was washed 2x with PBS. Pellets were 
resuspended with 100 μl of binding buffer then 10 μl of 
Annexin V (fluorescein isothiocynate FITC) and 100 μl 
7AAD were added. The volume was completed to 500 
μl with binding buffer. Flow cytometry (CYTOMIC FC 
500, Beckman, Germany) was performed after 15 min 
incubation in dark. Data acquisition was performed using 
FACSDiva 6.1 software.

Scratch assay
Wound healing assay was performed to assess the 

motility of cells exposed to CU. MDA-MB-231 cells were 
seeded in 6-well plates and cultured for 24 hrs to grew up 
to 90–100% confluence. After scraping the cell monolayer 
with a sterile micropipette tip, the wells were washed with 
PBS, and treated with CU (5-10 mg/ml) or DOX (1μM) 
or both for 8 and 24 hrs. The first image of each scratch 
was obtained at time zero. At 8 or 24 hrs, each scratch 
was examined and captured under an inverted microscopy 
(Ziess axiovert-40 phase contrast microscopy) at the same 
location and the healed area was measured. The rate of 
migration was determined using the following formula: 
(Area of wound at 0 hr- Area of wound at (n) hr/ Area of 
wound at 0 hr) X 100.

Transwell invasion assay
The invasion of MDA-MB-231 cells was assessed in 

transwell chambers equipped with 8 μm pore size, 6.5 mm 
diameter polycarbonated membranes (Corning Costar Inc., 
Corning, NY, USA). The extracellular matrix Matrigel 
(Corning Costar Inc., Corning, NY, USA) at 50 μl/cm2 

was added to the surface of the polycarbonate membrane 
in the transwell chamber, and then placed under a fume 
hood either at 37˚C or at room temperature for 30 min 
until the Matrigel gelled. The cells were seeded onto 
the upper wells at a concentration of 1x105 cells/well in 
100 μl serum-free medium and then cultured for 48 hrs 
following treatment with CU (10 mg/ml) or co-treatment 
with DOX (1 μM). The bottom chambers of the transwell 
were filled with 600 μl medium containing 10% FBS. After 
incubation for 48 hrs, the non-migratory cells on the upper 
surface of the chambers were removed by a cotton swab 
and the migrated cells were fixed with 100% methanol for 
10 min at room temperature and stained with 0.1% crystal 

Western blot analysis
After treatment, adherent cells were gently scraped 

from the plates into the medium containing floating cells 
to obtain all the cells. Cells were then centrifuged, washed 
in PBS, lysed in ice-cold RIPA lysis buffer containing 
protease inhibitor cocktail (Roche, Mannheim, Germany) 
to obtain total protein. Protein concentrations were 
determined using Epoch microplate spectrophotometer. 
Then proteins (10-60 ug/ml) were denatured by boiling 
with 1x SDS sample buffer with DTT for 5 min, 
separated by 10-15% SDS-PAGE and transferred to a 
nitrocellulose membrane. The membranes were blocked 
for non-specific binding for 1 hr in 2% BSA (w/v) diluted 
in TBST buffer (50 mM Tris–HCl,150 mM NaCl, 0.2% 
(v/v) Tween-20) and incubated overnight with primary 
antibody diluted in 0.2% BSA (w/v) in TBST buffer 
at 4°C. The blots were washed with TBST buffer for 5 
min (3x) and incubated with HRP-conjugated secondary 
antibody in 0.2% BSA (w/v) diluted in TBST buffer 
for 2 hr. Detection was done by chemiluminescence, 
using enhanced chemiluminescence detection kit and 
then exposed to KODAK film. Densitometric analyses 
were done using the Quantity one software of the 
GS-800 calibrated densitometer (Bio-Rad). The used 
nitrocellulose membranes were stripped and reused for 
detection of housekeeping protein β-Actin.

Immunofluorescent staining 
MDA-MB 231 cells were grown in confocal dishes 

and were treated with CU for 24 hrs, fixed with 70% ice 
cold methanol, then kept stable in 0.2% Triton for 10 
min to rupture the cell membranes. Following 3x PBS 
washing, non-specific antigen-binding sites were blocked 
by 2% BSA for 30 min. The cells were then incubated 
with either anti-N-cadherin, Vimentin, or anti-E-cadherin 
antibody (1:200) for 1 hr followed by washing with 3x 
PBS, incubated for 1 hr with a mixture of fluorescence-
tagged secondary anti¬body with DAPI. After washing, 
dishes were kept from light at 4 °C overnight and images 
were captured at 40x magnification using Ziess Meta 510 
confocal microscopy. 

MTT cytotoxic assay
Cells were seeded into 96-well plates at 2.5 × 104 

per well and allowed to adhere overnight. CU (0-30 
mg/ml) or dH2O alone were added for 24, 48 and 72 
hrs. After incubation terminated, the medium was 
replaced with 0.5 mg/ml MTT [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide] and incubated 
for I hr. Next, supernatants were removed, and the 
resulting MTT formazan was solubilized in 100 μl of 
DMSO and absorbance was recorded using a multiscan 
spectrophotometer (Thermo scientific, CA, USA) at 570 
nm with a reference at 650 nm. The effect of CU on cell 
survival was assessed as the percentage of cell viability 
compared with the control cells, which were arbitrarily 
assigned 100% Survival.

 
Cell viability assay

Cells were seeded into 12-wells plates at 3x 105 per 
well and allowed to adhere overnight. Cells were then 
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violet.  Five randomly chosen fields were photographed 
under a light microscope (Ziess axiovert-40 phase contrast 
microscopy) at a magnification of 20x.

Cytokine ELISA assay
After treating cells with CU or DOX or both for 24 hrs, 

supernatants were collected and clarified by centrifugation 
at 3000 ×g. Commercially available ELISA assay (The 
quantikine human IL-6 immunoassay and Human IL-8/
CXCL8 kits, R&D Systems) was used to measure levels 
of IL-6 and IL-8. The assays were conducted according 
to the manufacturer’s instructions. calibration curves 
were prepared using purified standards provided with 
the ELISA kit.

Statistical analysis
Statistical analysis was performed with Prism 

graph-pad (v.6). All data are presented as means ± S.D. 
Differences between experimental conditions were 
determined by two-tailed Student’s t test. *P<0.05, ** 
P<0.01 and *** P<0.001 indicate statistical relevance. 
All experiments were repeated independently at least 
three times 

Results

CU reduces viability and induces apoptosis in breast 
cancer cells

As shown in Figure 1A, MDA-MB-231 cells were 
treated with increasing concentrations of CU (5-30 mg/ml) 
for 24, 48 or 72 hrs. CU significantly inhibited proliferation 
in a concentration- and time-dependent manner when 
compared to control group. Similarly, CU significantly 
inhibited MCF-7 cells (poorly invasive ER+) proliferation 
in a concentration-and time-dependent manner (Figure 
1A). Both cell lines viability was measured, and results 
revealed a gradual concentration-dependent reduction 
in cells growth at 24 hrs post-treatment. The maximum 
inhibition was observed in cells treated with 20 and 30 
mg/ml (Figure 1B). Based on these results, CU potently 
inhibit breast cancer cells growth.

Apoptosis was observed using Annexin V staining in 
MDA-MB-231 cells that had been exposed to increasing 
concentrations of CU (5 to 30 mg/ml) for 24 hrs. As 
shown in Figure 1C, a gradual increase in the number 
of apoptotic cells was detected as the CU concentration 
increased. A significant percentage of cells had undergone 
apoptosis at concentrations of 20 and 30 mg/ml (P<0.001 
and P<0.001, respectively) compared with untreated cells. 
Likewise, CU induced apoptosis in MCF-7 cells in a 
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Figure 1. The Effect of CU on MDA-MB-231 and MCF-7 Breast Cancer Cells Growth. Cells were treated with 
indicated CU concentrations (5-30 mg/ml) for 24, 48, and 72 hrs then assessed for  (A) % of cell survival using 
MTT assay (B) cell viability and (C) apoptosis by labelling cells with Annexin V-tagged FITC/7AAD then analyzed 
using flow-cytometry. (D) cell lysates were prepared, separated by SDS PAGE, and then assessed for p-γ-H2AX and 
β-Actin. Fluorescent images were acquired by confocal scanning microscopy. Each value represents mean ± S.E.M 
of three independent experiments. *: p˂0.05, **: p˂0.01, ***: p˂0.001 treated vs. the control experimental groups.
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concentration-dependent manner (Figure 1C). Consistent 
with this finding, the levels of the phosphorylated γ-H2AX 
protein in MDA-MB-231 cells were increased upon 
treatment with CU in a concentration-dependent manner, 
indicative of the accumulation of DNA double strand 
breaks (Figure ID). Immunostaining also showed a clear 
increase in p-γ-H2AX expression in the nucleus after 
treatment with CU at a concentration as low as 10 mg/
ml for 24 hrs compared to untreated cells. These results 
indicate that CU decreases the viability of breast cancer 
cells by stimulating apoptosis process. As CU produced 
similar effect on both cell types, MDA-MB-231 cells were 
chosen for subsequent experiments.

CU triggers apoptosis via the intrinsic mitochondrial 
cascade

The balance between pro-apoptotic and pro-survival 
Bcl-2 family proteins was assessed to ascertain the 
involvement of the mitochondrial apoptosis pathway in 
CU-mediated apoptosis, as this balance is involved in the 
initiation of mitochondrial apoptotic cascade (Delivani 
and Martin, 2006). As shown in Figure 2A, a 24 hrs CU 
treatment significantly downregulated the cytosolic levels 
of the pro-survival protein Bcl-xl in a concentration-
dependent manner, which was completely abolished at 30 
mg/ml of CU. Similarly, the cytosolic levels of the pro-
apoptotic protein Bax gradually decreased, along with an 
increase in Bax protein expression in the mitochondria that 

peaked at 30 mg/ml. The decrease in the cytosolic levels 
of Bcl-xl and Bax proteins occurred in a time-dependent 
manner when cells were treated for 24 hrs with CU (15 
mg/ml, IC50) (Figure 2B). CU treatment increases the 
Bax: Bcl-xl ratio, leading to initiation of the mitochondrial 
apoptosis pathway in MDA-MB-231 cells.

Next, Caspase-9 involvement was analysed 
by immunoblotting, and as shown in Figure 2A, a 
concentration-dependent decrease in the expression of 
pro-Caspase-9 was observed upon a 24 hrs treatment 
with CU. In agreement with this result, Figure 2B shows 
a time-dependent decrease in the expression of pro-
Caspase-9 that reached its minimum values at 16 hrs, 
which was maintained up to 24 hrs. This result was in 
consistent with the concentration-dependent decrease in 
the expression of downstream pro-Caspase-3 (Figure 2C), 
which was associated with an increase in active Caspase-3 
(c-Caspase-3) and cleaved PARP, c-PARP. Furthermore, 
a time-dependent decrease in the expression of pro-
Caspase-3 was associated with an increase in c-Caspase-3 
expression and subsequently, c-PARP (Figure 2D). Thus, 
CU activated the intrinsic Caspase pathway in both a 
concentration- and time-dependent manner.

CU reverts MDA-MB-231 breast cancer cells towards an 
epithelial phenotype and inhibits CSC-associated markers

We then investigated whether CU exerted any effect 
on the EMT process in breast cancer cells. As shown in 
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Figure 2. CU Induces Apoptosis Via the Intrinsic Mitochondrial Cascade in MDA-MB-231 Cells. Cells were treated 
with indicated concentrations of CU (5-30 mg/ml) for 24 hrs or with 15 mg/ml for various time intervals, then cell 
lysates were prepared, separated by SDS PAGE, and assessed for (A), (B) Bcl-xl, Bax cytosolic and mitochondrial, 
β-Actin, and Caspase-9. (C). (D) Assessed for apoptotic proteins Caspase-3, c-Caspase-3, PARP, c-PARP and β-Actin. 
Each value represents mean ± S.E.M of three independent experiments. Each value represents mean ± S.E.M of three 
independent experiments. Significant differences *p˂0.05, **p˂0.01, ***p˂0.001 between control and experimental 
groups.
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Figure 3A, cells treated with 15 mg/ml of CU presented an 
obvious morphological change from the spindle phenotype 
(mesenchymal phenotype) to a rounded or cobblestone 
phenotype (epithelial phenotype). Accompanying the 
morphological changes, levels of protein markers of 
EMT were also changed. The protein expression levels 
of epithelial marker E-cadherin were significantly 
increased in a concentration-dependent manner after 24 
hrs from CU treatment (Figure 3B). In contrast, the protein 
expression levels of mesenchymal markers N-cadherin and 
Vimentin were markedly decreased in a concentration-
dependent manner (Figure 3B). Consistent with these 
results, the immunofluorescence assays confirmed that 
CU significantly increased E-cadherin expression in the 
cytosol (Figure 3C) and decreased the cellular expression 
of N-cadherin and Vimentin (Figure 3D). In addition, 
a time-dependent decrease in the expression of  both 
N-cadherin and Vimentin proteins was observed (Figure 
3E). The  data suggests that CU may promotes the 
mesenchymal-epithelial transition (MET) process. 

EMT and CSC formation are closely associated 
processes; since, evidence have shown that EMT could 
induce CSC characteristics (Mani et al., 2008), we decided 
to investigate the importance of CU-mediating EMT 

inhibition on the CSC phenotype. STAT3 is known to 
play an important role in proliferation and self-renewal 
of CSCs in various cancer types including breast cancer 
(Marotta et al., 2011); its activation upregulates the 
secretion of various cytokines including IL-6 and IL-8 
and promotes the development of CSCs (Elinav et 
al., 2013). CU significantly abrogated the constitutive 
activation of STAT3 in a concentration-dependent 
manner (Figure 3F). As a result, STAT3-mediated stem 
cell marker ALDH1 protein expression was effectively 
suppressed in a concentration-dependent manner (Figure 
3F). Together, these results suggest a possible molecular 
mechanism underlying the inhibitory effects of CU on 
CSC development with potential implications for CSC 
enrichment induced by chemotherapeutic drugs. 

CU inhibits the inflammatory response elicited by 
breast cancer cells and impairs their migration and 
invasion ability.

The NF-κB pathway was reported to play an important 
role in orchestrating the inflammatory process (Yao et 
al., 2007); therefore, we evaluated the effect of CU on 
the expression of NF-κB/ p65 protein, which represent 
its active form. In addition to protecting the upstream 
inhibitor of NF-κB/p65, IκB- from degradation, 
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Figure 3. CU Reverses EMT and Inhibits Stemness in MDA-MB-231 Breast Cancer Cells. Cells were treated with 
CU (5-30 mg/ml or 15 mg/ml) for the indicated time then (A) The morphological changes in MDA-MB-231 cells 
were detected using cell observe (20x). Cell lysates were prepared, separated by SDS PAGE, and assessed for (B), 
(D) E-cadherin, N-cadherin, Vimentin, (E) p-STAT3, STAT3, ALDH1 and b-Actin. (C) Confocal immunofluorescent 
images for E-cadherin, N-cadherin and Vimentin localization. Each value represents mean ± S.E.M of three independent 
experiments. Significant differences *p˂0.05, **p˂0.01, ***p˂0.001 between control and experimental groups.
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NF-κB/p65 nuclear (n-NF-κB) translocation was 
downregulated by CU in a concentration-dependent 
manner (Figure 4A). NF-κB has been reported to induce 
Snail promoter activity (Cichon and Radisky, 2014, Song 
et al., 2014), thus, Snail protein expression was important 
to be assessed. As shown in Figure 4A, Snail protein 
expression was consistent with the downregulation of 
NF-κB/p65 protein. Indeed, control cells expressed high 
levels of this signalling molecule, whereas its levels were 
remarkably diminished in CU-treated cells. These results 
confirmed that NF-κB/p65 promotes Snail expression 
in MDA-MB-231 cells and potentially inhibits their 
activation. To confirm this result, we investigated the 
expression of one of the molecular components of NF-
κB signalling pathway, COX-2, an inducible enzyme 
which overexpressed in breast cancer (Sobolewski et al., 
2010).  As expected, control cells expressed high levels 
of COX-2, whereas a concentration-dependent decrease 

in COX-2 expression was observed in CU-treated cells 
(Figure 4A). Other pro-inflammatory mediators that 
are controlled by NF-κB/ Snail signalling pathway are 
IL-6 and IL-8 cytokines. Levels of both cytokines were 
significantly reduced when cells were treated with CU in 
a concentration-dependent manner compared to control 
cells (Figure 4B).

Malignant cells undergoing EMT display an increase 
in the motility and take advantage of the acquisition 
of the mesenchymal phenotype to become highly 
invasive. In the presence of CU, a significant decrease 
(P<0.001) in invasiveness was observed (Figure 4C). This 
behaviour was significantly associated with a decrease in 
metalloproteinase-9 (MMP-9) levels after CU treatment 
(Figure 4C). MMPs are required to degrade the extracellular 
matrix (ECM), and reduced metalloproteinase activity is 
likely to hinder the invasion of cancer cells. Similarly, 
wound-healing assay result showed that the motility of 

Figure 4. CU Inhibits Inflammation, Migration and Invasion in MDA-MB-231 Cells. Cells were treated with indicated 
CU concentrations for 24 hrs then (A), (C) cell lysates were prepared, separated by SDS PAGE, and assessed for 
IkB-a, NF-kB/p65, Snail, COX-2, MMP-9 and b-Actin. (B) Media was collected after incubation and analyzed for 
cytokines IL-8 and IL-6 protein levels by ELISA assay kit. (C) Invasion assays were performed, photographed (40x) 
and counted in 6 random fields for each treatment. (D) Wounded regions were photographed (10x) and % of wound 
closure was evaluated and the result expressed as a percentage based on the ratio of the treated cells to the controls. 
Each value represents mean ± S.E.M of three independent experiments. Significant differences *p˂0.05, **p˂0.01 and 
***p˂0.001 between control and experimental groups. 
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CU-treated cells was substantially impaired. Therefore, 
the CU treatment dramatically reduces both the motility 
and invasiveness of breast cancer cells.

CU enhances DOX cytotoxicity in MDA-MB-231 breast 
cancer cells 

We evaluated the possible synergistic cytotoxic effects 
of CU and DOX in co-treated cells. As shown in Figure 
5A, the concurrent administration of DOX (1μM) and 
CU (10mg/ml) significantly increased the sensitivity 
of cells to DOX-induced apoptosis. Cells morphology 
dramatically changed from a spindle-shaped morphology 
in the presence of DOX alone to a rounded and stressed 
morphology when DOX was co-administered with CU. 
Compared to the control, cell viability was significantly 
reduced from 82.8% in cells treated with DOX alone to 
56.3% in cells co-treated with CU (P<0.001). Consistent 
with these findings, an increase in the number of apoptotic 
MD-MB-231 cells was detected when CU was co-
administered with DOX (Figure 5B). A significant % of 
co-treated cells underwent apoptosis compared with DOX-
treated cells (P<0.05). Moreover, the Western blot analysis 
showed that levels of p-γ-H2AX protein were significantly 
increased (Figure 5C) upon co-treatment with CU and 
DOX when compared to DOX alone (P<0.0001). Also, 
as expected in the presence of CU, DOX significantly 

reduced Bcl-xl protein expression compared to DOX 
treated cells alone (P<0.001) (Figure 5D). This result was 
consistent with the decrease in Bax protein expression in 
the cytosol and the increase in mitochondrial compartment 
compared to cells treated with DOX alone (Figure 5D). 
The increase in Bax: Bcl-xl ratio suggested that the 
CU co-treatment enhanced DOX-induced activation of 
mitochondrial apoptosis pathway in MDA-MB-231 cells.     

We further studied the effect of this combination on 
the induction of Caspase protein expression. As shown in 
Figure 5E, the combination remarkably attenuated pro-
Caspase-9 and subsequently pro-Caspase-3 expression 
compared to cells treated with DOX alone (P<0.001 and, 
P< 0.01, respectively). This decrease was associated with 
a significant increase in c-Caspase-3 expression (P< 0.001) 
and c-PARP (P<0.01) (Figure 5E). Thus, the effectiveness 
of DOX as a chemotherapeutic agent is enhanced in the 
presence of CU. 

CU reverses DOX-induced EMT and CSC-associated 
markers in MDA-MB-231 breast cancer cells

Since CU reverses EMT (Figure 3), we asked whether 
CU could also prevent chemotherapeutic drug induced 
EMT. We first investigated whether DOX could induce 
EMT in MDA-MB-231cells and as results in Figure 
6A shows, due to the spindle shaped morphology of 
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MDA-MB-231 cells, the detection of additional EMT 
was difficult to visualize. Interestingly, Combining 
CU with DOX treatment remarkably transformed cells 
from spindle phenotype (mesenchymal phenotype) to a 
rounded or cobblestone phenotype (epithelial phenotype) 
(Figure 6A). We also observed a significant reduction in 
N-cadherin (P< 0.001) and Vimentin (P< 0.001) protein 
expression when compared to cells treated with DOX 
alone (Figure 6B). On the other hand, E-cadherin protein 
expression was significantly increased when compared 
with DOX alone (P<0.05). This result was confirmed 
by immunofluorescence staining that showed a similar 
finding (Figure 6C). These data suggested that CU could 
reverse the DOX-induced EMT in breast cancer cells with 
Mesenchymal features. 

The observation that EMT plays a role in the 
development of cancer stem cells suggests that therapies 
blocking or reversing EMT program may sensitize 
resistant cancer stem cells to conventional cancer 
therapies. For that, we evaluated the ability of CU to block 
EMT process and subsequent cancer stem cell formation 
by DOX treatment. The CU co-treatment successfully 
blocked DOX-mediated STAT activation when compared 
to cells treated with DOX alone (P<0.0001) (Figure 
6D). As a result, STAT3-mediated stem cell marker 
ALDH1 protein expression was effectively suppressed 
(P<0.001) when compared to DOX alone (Figure 6D).
Thus, the administration of CU during chemotherapy may 
sensitize carcinoma cells to the anti-tumour activities of 
chemotherapy. 

CU reduces the ability of DOX to induce inflammation, 
migration, and invasion in MDA-MB-231 breast cancer 
cells.

 As shown in Figure 7A, while DOX stimulated NF-κβ 
activation by inducing IB-degradation (P<0.001), 
co-treatment with CU induced a significant reduction 
in IB-degradation (P<0.001) when compared to 
cells treated with DOX alone. As a result, we observed a 
decrease in the protein levels of the transcription factor 
Snail (Figure 7A) when compared to the increase detected 
in cells treated with DOX alone (P<0.001). Moreover, 
levels of COX-2 protein (Figure 7A) were significantly 
reduced in cells co-treated with CU (P<0.01) when 
compared to DOX alone. Similarly, cytokine, IL-6 and 
IL-8, production was substantially affected (Figure 7B).  
Both were reduced in cells co-treated with CU (P<0.001 
and P<0.01, respectively). 

We then examined whether CU is able to reverse 
DOX-induced motility and invasion of MDA-MB-231 
cells (Figure 7C, D and E). As expected, DOX increased 
the invasion capacity of MDA-MB-231 cells (Figure 7C) 
compared to untreated control cells (P<0.001). This was 
significantly inhibited in the presence of CU (P<0.001).  
Cells also displayed a significant reduction in the levels of 
MMP-9 protein (Figure 7D) compared with cells treated 
with DOX alone (P<0.001). Similar trends were observed 
in wound healing assays (Figure 7E) as CU co-treatment 
remarkably suppressed DOX-induced cells migration. 
Overall, these findings indicate that CU treatment 
antagonizes the effect of DOX on inflammation, invasion 

and motility, thus enhancing its therapeutic outcomes.  

Discussion

One of the aims of the present study was to explore 
possible pathways involved in CU inhibiting human breast 
cells proliferation and inducing apoptosis. Apoptosis is 
an active mechanism for the removal of unnecessary or 
defective cells and is necessary in  multicellular organisms 
to sustain tissue homeostasis (Meier et al., 2000). It is 
associated with different cellular changes such as outer 
membrane permeabilization, chromatin condensation, 
mitochondrial swelling and DNA damage (Renault et 
al., 2015).  The initiation of apoptosis is tightly regulated 
by two different pathways; mitochondrial intrinsic 
and death receptor extrinsic pathways (Golder et al., 
2015). Mitochondria play important roles in apoptosis 
by controlling both pro-apoptotic and anti-apoptotic 
proteins. The results revealed CU to mediate an increase 
in the expression of mitochondrial Bax, a pro-apoptotic 
protein, along with a decrease of Bcl-xl, anti-apoptotic 
protein, thereby altering the cytosolic Bax: Bcl-2 ratio. 
Also, a significant decrease in Caspases-9, Caspase-3 
and upregulation of c-Caspase-3 and its proteolytic 
substrate PARP upon CU treatment corroborated well 
with the activation of the intrinsic mitochondrial apoptotic 
pathway. Moreover, γ-H2AX, a marker of DNA damage, 
was increased in a concentration-dependent manner which 
resulted as a consequence of DNA fragmentation caused 
by activated Caspases to eliminate cells by apoptosis 
(Ljungman, 2010). This was confirmed by flow cytometry 
analysis of apoptotic cells. Nevertheless, the pathways 
by which CU induces DNA damage is yet unclear and 
warrants further investigation. 

EMT has been indicated as a crucial cancer progression 
mechanism by which epithelial cells develop mesenchymal, 
fibroblast-like phenotypes with a decrease in cell-to-cell 
adhesion, cell polarity loss, and consequently enhanced 
migration and invasiveness (Singh and Settleman, 2010). 
This phenomenon is believed to facilitate the tumor cells 
migration from their site of origin to distant tissues upon 
activation of a particular genetic program (Kalluri and 
Weinberg, 2009a, Mulholland et al., 2012). Also, it has 
been documented that  EMT protein markers play an 
essential role in cancer as E-cadherin expression loss and 
N-cadherin expression gain in cancer cells have functional 
importance in cancer progression and metastasis (Araki et 
al., 2011).Thus, blocking or reversing EMT process may 
provide a successful therapeutic approach to limit the 
diffusion of cancer. Our study showed that in mesenchymal 
cells, CU not only restored an epithelial phenotype, 
but also reversed EMT. The MET program include 
enhancement of E-cadherin and occluding expression, 
reduction in N-cadherin, Vimentin, and nuclear β-catenin 
expression,  which results  in acquisition of an epithelial 
phenotype (Schmalhofer et al., 2009). Interestingly, CU 
markedly increased the protein expression of E-cadherin 
and significantly reduced N-cadherin and Vimentin 
proteins, which was also confirmed by immunostaining. 
This resulted in a downregulation of the high levels of 
MMP-9 secreted in breast cancer cell line MDA-MB-231. 
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MMP-9 belongs to MMPs family of endopeptidases that 
have a proteolytic activity responsible for degrading the 
basement membrane during the EMT process and consider 
as an important regulator of invasion and metastasis in 
breast cancer (Eiseler et al., 2009). As consequence, the 
migration and invasiveness of breast cancer cells were 
significantly inhibited by CU-induced MET.  Furthermore, 
cells that undergo the EMT have been shown to acquire 
stem cell-like properties, and the EMT and cancer stem 
cell (CSC) development are interrelated processes (Mani 
et al., 2008). Also, evidence has revealed that EMT could 
induce CSC features (Mani et al., 2008). Interestingly, CU 
successively decreased the expression of ALDH1 protein, 
a marker of CSCs, suggesting that CSC development may 
be affected in a way by the CU treatment. To the best of 
our knowledge, our research is the first to prove that in 
cultured breast cancer cells, the anti-metastatic effects of 
CU are correlated with the EMT process. 

Inflammation is well known for affecting different 
tumor development stages, starting from the initiation 
phase to the metastatic phase (Karin, 2006). One of 
the multiple pathways used by cancer cells to initiate 
inflammation and to promote tumor growth and 
progression is NF-κB pathway (Grivennikov et al., 
2010). It is believed that EMT is induced and maintained 
by cytokines and other inflammatory mediators (Scheel 
et al., 2011). Also, NF-κB showed to play a crucial role 
in EMT via Snail transcription activation (Chua et al., 
2007). The current data revealed that MDA-MB-231 
breast cancer cells constitutively phosphorylate NF-
κB and inhibit IκB-α protein. This observation is in 
agreement with previous finding (Monks and Pardee, 
2006). CU suppressed successfully NF-κB activation 
and subsequently its downstream transcription factor, 
Snail. This result is consistent with a previous study 
that showed CU significantly inhibited NF-κB mRNA 
along with its downstream inflammatory mediators in 
mice tumours (Romli et al., 2017). Also, it was shown 
that the persistence of tumour cells post-EMT depend on 
cytokine and/or growth factor supply that was initially 
responsible for EMT induction in the same cells (Scheel 
et al., 2011). The present data revealed a high expression 
of IL-6  and IL-8 in MDA-MB-231 breast cells, both are 
downstream cellular target of NF-κβ (Al-Halabi et al., 
2011), which was remarkably decreased by CU. Moreover, 
a significant reduction in STAT3 phosphorylation was 
detected. It is documented that IL-6 to activate JAK/
STAT3 signaling pathway which is frequently found in 
various human cancers including breast cancer (Huang et 
al., 2010, Liu et al., 2014) and plays a significant role in 
EMT (Huang, 2007, Colomiere et al., 2009). Furthermore, 
cyclooxygenase-2 (COX-2), another inflammatory 
mediator, that is known to be upregulated by NF-κB (St-
Germain et al., 2004, Jang et al., 2000) and promote the 
migration and invasion of malignant cancer cells (Chen 
et al., 2013, Kim et al., 2014) was significantly reduced 
by CU. This in light with previous study that showed 
inhibition of NF-κB in MDA-MB-231 breast cancer cells 
leads to COX-2 protein expression reduction (Xu et al., 
2015). These findings support and offer a mechanistic 
rationale for CU inhibition of tumor progression and 

might indicate that CU may prevent the metastasis of 
breast cancer by suppressing both EMT and CSC due to 
its anti-inflammatory effects. 

EMT has been associated with chemoresistance to 
several chemotherapeutic agents (Zhang et al., 2012, 
Virag et al., 2013, Morikawa et al., 2015, Sadreddini 
et al., 2017). Intriguingly, the establishment of EMT 
lineage-tracing method in mice revealed that following 
chemotherapeutic, mice cells undergoing EMT were found 
in the primary tumor and exhibited chemoresistance with 
high genes linked to chemoresistance expression (Fischer 
et al., 2015). This may indicate the importance of EMT in 
cancer drug resistance and post-chemotherapy metastasis. 
We tried in the current study to explore whether CU in 
combination with chemotherapeutic drugs such as DOX, 
can synergistically reverse drug resistance in breast 
cancer cells. The results revealed that CU antagonizes 
DOX-induced EMT through the downregulation of 
N-cadherin and Vimentin (mesenchymal cell markers) 
and upregulation of E-cadherin (epithelial marker). This 
strongly enhanced cells invasion and migration inhibition 
when compared to cells treated with DOX alone. This 
effect was achieved in a part by downregulating MMP-9 
protein expression. Moreover, the combination treatment 
significantly induced mitochondria-dependent apoptosis 
in MDA-MB-231 cells, as both Caspase-9 and -3 proteins 
levels were significantly decreased and both levels of 
c-Caspase-3 and c-PARP protein levels increased. These 
finding were supported by the reduction in cells viability, 
the massive induction of apoptotic cells detected by 
flow cytometry, and the high activation of H2AX. 
Thus, the result suggest that CU induces cells sensitivity 
to DOX-induced cells death. Also, CU successfully 
reversed EMT-induced stemness as determined by the 
loss of ALDH1 protein expression which is considered 
as a potent marker of stemness and commonly used 
to identify cells displaying resistance to conventional 
cancer treatments (Marcato et al., 2011). Furthermore, the 
present study showed that combination therapy inhibits 
the stimulatory effect of DOX on NF-κB-Snail signaling 
and its downstream targets, STAT-3. COX-2, IL-6 and 
IL-8, all of which are involved in EMT. 

In conclusion, although CU exact mode of action 
requires further investigation, our results provide a 
new mechanistic bases for its therapeutic application 
in breast cancer therapy, not just as a single agent, but 
in combination with other anti-cancer drugs, DOX. CU 
showed a remarkable ability in inducing apoptosis in 
MDA-MB-231 cells which was solely through the intrinsic 
mitochondria-mediated pathway. Also, the present study 
demonstrates for the first time the ability of CU to inhibit 
tumor invasion, metastasis and chemoresistance, which 
is associated with perturbations in EMT, either alone or 
in combination with DOX.  CU inhibited the activation 
of NF-κB-Snail signaling and regulated the expression of 
important downstream EMT protein markers, E-cadherin, 
N-cadherin and Vimentin and subsequently stemness. 
Our findings provide a new perspective on the role of 
CU in preventing cancer progression and expand our 
understanding of the mechanism by which CU may 
act to inhibit the invasiveness and metastasis and the 
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chemoresistance of cancer cells. 
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