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10 Introduction

11 Q2 Breast cancer is a leading cause of cancer related mortality in
12 women in the United States [1]. An estimated 231,840 new
13 invasive cases are expected in 2015 making it the most common
14 cancer in American women and despite diagnostic improve-
15 ments, 40,290 fatalities are projected. Consequently, tremen-
16 dous effort has been devoted to developing potent anticancer
17 agents to treat breast cancer. However, most anticancer drugs
18 are not site-specific, are toxic to normal cells and exhibit high
19 toxicity to benefit ratios. Therefore, there is renewed interest in
20 molecules that have low toxicity profiles and can selectively
21 target cancer cells.

22Embelin (2,5-dihydroxy-3-undecyl-1,4-benzoquinone) (Fig. 1A),
23a naturally occurring benzoquinone found in the fruit of the Embelia

24ribes plant displays low toxicity and shows potent anticancer
25properties either alone or in combination with other anticancer
26agents. Numerous studies have attributed the anticancer properties
27of embelin to its ability to inhibit the x-linked inhibitor of the
28apoptosis protein (XIAP) and modulate NF-kB signaling pathways
29[2–4]. Nonetheless, little is known about the effect of embelin on
30breast cancer cells at the genomic level.
31In this work, we investigated the effect of embelin on cell
32proliferation and apoptosis in MCF-7 and MDA-MB-231 breast
33cancer cells. We also surveyed the gene expression profile of a
34focused panel of 84 breast cancer related genes following
35exposure of MDA-MB-231 and MCF-7 cells to embelin. Better
36understanding of key breast cancer genes impacted by exposure
37of breast cancer cells to embelin is urgently needed since this
38knowledge could potentially facilitate rationale development of
39more potent embelin analogs or new effective embelin-based
40combination therapy strategies for treating breast cancer. To the
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A B S T R A C T

Purpose: To investigate effect of embelin on proliferation, apoptosis and gene expression profile changes

in breast cancer cells.

Methods: Cell viability was determined by MTT assay and apoptosis assayed using flow cytometry.

Differential expression of 84 genes commonly involved in breast cancer carcinogenesis was assessed by

real-time PCR using the Human Breast Cancer RT2 Profiler PCR Array.

Results: MCF-7 and MDA-MB-231 cells were treated with embelin (0–25 mM) for 24 and 96 h. Embelin

exhibited time and dose dependence in both cell lines and was more potent in inhibiting MDA-MB-231

cell proliferation compared to MCF-7 cells. IC50 for embelin in MDA-MB-231 cells was �4.45 mM and

3.28 mM at 24 h and 96 h, respectively. In contrast, IC50 for embelin in MCF-7 cells was �6.04 mM and

4.51 mM at 24 h and 96 h, respectively. Embelin (50 mM) induced apoptosis and activated caspase

3 activity in both cell lines when exposed for 72 h. Treatment of MDA-MB-231 cells with embelin

(10 mM) for 24 h resulted in significant differential expression of 27 genes commonly involved in breast

cancer carcinogenesis.

Conclusions: Our findings show that embelin inhibits cell proliferation, induces apoptosis and alters

expression of breast cancer focused genes in MCF-7 and MDA-MB-231 cells. Based on RT2-PCR array

analysis, embelin down-regulated expression of pivotal oncogenes. This knowledge could be beneficial

in the development of effective embelin-based therapies for treating breast cancer.

� 2016 Published by Elsevier Sp. z o.o. on behalf of Institute of Pharmacology, Polish Academy of Sciences.

Abbreviations: DAVID, Database for Annotation, Visualization and Integrated

Discovery; EMT, Epithelial-Mesenchymal Transition; KEGG, Kyoto Encyclopedia

of Genes and Genomes.
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41 best of our knowledge, this is the first study examining the effect
42 of embelin on gene expression in breast cancer cell lines using
43 real time PCR array.

44 Materials and methods

45 Materials

46 MDA-MB-231 and MCF-7 human breast cancer cell lines were
47 purchased from American Type Culture Collection (ATCC, Manassas,
48 VA, USA) and stored in liquid nitrogen. Dulbecco’s Modified Eagle
49 Medium (DMEM), TrypLE Express and antibiotic-antimycotic were
50 obtained from Life Technologies (Carlsbad, CA, USA). Embelin was
51 purchased and all other reagents were obtained from Sigma–Aldrich
52 (St. Louis, MO, USA) and used as received unless otherwise stated.

53 Cell proliferation assay

54 The effect of embelin on MDA-MB-231 and MCF-7 breast
55 cancer cell lines was evaluated using MTT assay. Briefly, cells
56 were maintained in DMEM supplemented with 10% FBS and 1%
57 Antibiotic-Antimycotic and incubated in 5% CO2 at 37 8C.
58 Subsequently, 2 � 104 viable cells per well were seeded in 96-
59 well plates, incubated for 24 h and treated with embelin at
60 various concentrations (0-25 mM) for 24 and 72 h. Following
61 incubation, 20 mL of MTT (5 mg/mL) was added to each well and
62 incubated for 3–4 h. The residual formazan crystals were
63 solubilized with 200 mL DMSO and analyzed using a microplate
64 reader recording absorbance values at a test wavelength of
65 560 nm. Cell viability for a given concentration was expressed as
66 a percentage of the intensity of controls. All measurements were
67 performed in triplicates.

68 Cell migration assay

69 MDA-MB-231 and MCF-7 cells were grown to 70% confluence in
70 six well plates and three parallel wounds made using pipette tip.
71 Micrographs of each wound were capture using an inverted

72microscope and used as a reference point. Cells were treated with
73embelin (0, 5 and 50 mM) for 72 h after which cells were washed
74with ice cold 1� PBS and imaged under an inverted microscope.

75Apoptosis analysis using flow cytometry

76The Chromatin Condensation/Dead Cell Apoptosis kit with
77Hoechst 33342 and PI (Invitrogen, Carlsbad, CA, USA) was used to
78evaluate apoptosis. MDA-MB-23 and MCF-7 cells were harvested
79using TrypLE Express following treatment of embelin (0, 10 and
8050 mM). Cell density was adjusted to 1 � 106 cells/mL following
81which 1 mL of Hoechst 33342 and 1 mL of propidium iodide (PI)
82was added to each group and incubated on ice for 30 min. Stained
83cells were then subjected to flow cytometry and subsequently
84analyzed using FCS Express 5.

85Western blot

86MDA-MB-231 breast cancer cells were treated with embelin
87(0, 5 and 50 mM) for 72 h. Afterwards, cells were lysed using
88Mammalian Protein Extraction Reagent (M-PER) buffer (Pierce,
89Rockford, IL, USA) and protein concentration measured with
90bicinchoninic acid (BCA) protein assay kit (Pierce, Rockford, IL,
91USA). Lysate was boiled for 5 min, subjected to a 15% SDS-PAGE
92and transferred to a PVDF membrane using iBlotTM system
93(Invitrogen, Carlsbad, CA, USA). Membranes were blocked with
94Odyssey blocking buffer at room temperature and then
95incubated with BCl-2 primary antibody at 4 8C overnight.
96Subsequently, membranes were incubated with secondary
97antibody conjugated with horseradish peroxidase (HRP) at
98room temperature for 1 h. The signal of target proteins was
99detected using Li-COR Odyssey1 infrared imaging system (Li-
100COR, Lincoln, NE, USA).

101ELISA for caspase 3

102MDA-MB-231 and MCF-7 cells were treated with embelin (0,
1035 and 50 mM) for 72 h. Subsequently, cells were lysed and caspase

Fig. 1. Anticancer effect of embelin on breast cancer cells. (A) Chemical structure of embelin. (B) Endogenous expression of XIAP in MDA-MB-231 and MCF-7 human breast

cancer cell lines. Cell viability of 2 � 103 MCF-7 and MDA-MB-231 cells treated with embelin for (C) 24 h and (D) 96 h. Cell viability measured using MTT assay.
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104 3 concentration determined using Human Caspase 3 ELISA kit per
105 the manufacturer’s protocol.

106 RNA extraction

107 Total RNA was extracted using RNeasy mini kit from Qiagen
108 (Valencia, CA, USA) per the manufacturer’s protocol. The solution
109 containing extracted RNA was then subjected to DNase treatment
110 for further purification. Subsequently, RNA concentration and
111 quality was quantified using an Eppendorf BioPhotometer Plus
112 (Hauppauge, NY, USA).

113 Human Breast Cancer RT2 Profiler PCR Array

114 cDNA synthesis was performed using RT2 First Stand Kit
115 (Qiagen, Valencia, CA, USA) according to the manufacturer’s
116 protocol. The procedure comprises two key steps. First, 10 mL of
117 the genomic DNA elimination mix was prepared in a sterile PCR
118 tube by mixing 2 mL Buffer GE and appropriate quantities of
119 RNase-free water and each RNA sample. The resulting solution
120 was gently by pipetted up and down, centrifuged briefly,
121 incubated for 5 min at 42 8C and then placed immediately on
122 ice for at least 1 min. Second, 10 mL reverse-transcription mix
123 was prepared by mixing 4 mL 5� Buffer BC3, 1 mL Control P2,
124 2 mL RE3 Reverse Transcriptase mix and 3 mL RNase-free water.
125 The 10 mL reverse-transcription mix was then added to each
126 tube containing genomic DNA elimination mix, mixed gently
127 and incubated at 42 8C for precisely 15 min using a BioRad
128 Thermal Cycler (Hercules, CA, USA). Afterwards, the reaction
129 was immediately stopped by incubating at 95 8C for 5 min.
130 RNase-free water (91 mL) was then added to each reaction and
131 mixed by pipetting up and down several times. The resulting
132 cDNA mixture was placed on ice or stored at -20 8C until used.
133 The Human Breast Cancer RT2 Profiler PCR Array (Qiagen,
134 Valencia, CA, USA) consisting of 84 key genes commonly
135 involved in the dysregulation of signal transduction and other
136 normal biological processes in breast cancer was used to analyze
137 gene expression. Samples were prepared by mixing 1350 mL of
138 2� RT2 SYBR Green mastermix, 102 mL cDNA reaction mixture
139 1248 mL of RNase-free water and pipetted into 96-well pcr array
140 plates to assess expression of pertinent breast cancer genes. RT2

141 Profiler PCR Arrays were run on Eppendorf Mastercycler ep
142 realplex model 4 (Hauppauge, NY, USA) and the following
143 PCR cycling condition used: 95 8C for 10 min, 45 cycles of 95 8C
144 for 15 s and 60 8C for 1 min. Cycle thresholds from the real-time
145 PCR was exported to an excel file and analyzed using web-based
146 PCR Array Data Analysis Software available through SABios-
147 ciences at www.SABiosciences.com/pcrarraydataanalysis.
148 php. Relative gene expression was computed by comparing
149 DDCt determined for each gene in the embelin-treated to the
150 control array. A fold change equal to or greater than 2 was
151 considered significant.

152 Gene functional annotation

153 The Database for Annotation, Visualization and Integrated
154 Discovery (DAVID) gene annotation website (https://david.
155 ncifcrf.gov/) was used to classify genes whose expression levels
156 were changed by �2-fold. DAVID provides a comprehensive set
157 of functional annotation tools which facilitates biological
158 classification of genes based on their cellular function and the
159 pathways they are involved in. Analysis was done using the
160 official gene symbol to identify key biological pathways and
161 cellular processes affected following treatment of MDA-MB-231
162 cells with embelin. The Kyoto Encyclopedia of Genes and
163 Genomes (KEGG) database was used for pathway analysis.

164Results

165XIAP basal expression in MCF-7 and MDA-MB-231 Cells

166Since embelin is a known XIAP inhibitor, we first evaluated the
167endogenous mRNA expression of XIAP in MCF-7 and MDA-MB-231
168breast cancer cells using real time RT-PCR. Our results reveal XIAP
169expression to be 1.9 times more in MDA-MB-231 cells compared to
170MCF-7 (Fig. 1B). XIAP expression has been shown to correlate with
171disease progression [5–7]. Hence, it is not surprising that XIAP
172expression is greater in MDA-MB-231 cells compared to MCF-7 cells.

173Effect of embelin on MCF-7 and MDA-MB-231 cell proliferation and

174migration

175We next investigated the potency of embelin in treating breast
176cancer by determining its IC50 values in MCF-7 and MDA-MB-231
177breast cancer cells at concentrations ranging from 0 to 25 mM for
17824 and 96 h. Specifically, IC50 for embelin in MDA-MB-231 cells
179was � 4.45 mM and 3.28 mM at 24 h and 96 h, respectively. In
180contrast, IC50 for embelin in MCF-7 cells was �6.04 mM and
1814.51 mM at 24 h and 96 h, respectively. Our results showed
182embelin exhibited time and dose dependence in both cell lines and
183was more potent in inhibiting MDA-MB-231 cell proliferation
184compared to MCF-7 cells (Fig. 1C and D).
185We also characterized the effect of embelin (0, 5 and 50 mM) on
186the migration ability of MCF-7 and MDA-MB-231 cells 72 h post
187treatment using the scratch wound assay. Our findings reveal
188embelin inhibited cell migration in both cell lines and the ability of
189embelin to inhibit cell migration appeared to be dose-dependent
190(data not shown).

191Effect of embelin on apoptosis

192We next examined the effect of embelin on apoptosis.
193Specifically, MCF-7 and MDA-MB-231 cells were treated with 0,
19410 and 50 mM of embelin for 72 h and the extent of apoptosis
195quantified using flow cytometry. From Figs. 2 and 3 there was no
196significant increase in apoptotic rate in both cell lines following
197treatment with 10 mM of embelin. In contrast, treatment with
19850 mM embelin resulted in an apoptosis rate of �30% in MCF-7
199cells and �23% in MDA-MB-231 cells. In both instances, apoptosis
200observed post treatment with 50 mM embelin was three-fold more
201compared to control.
202To provide mechanistic insight into the effect of embelin on
203apoptosis, we examined whether embelin modulates the expres-
204sion of caspase 3 and Bcl-2 which are known to play a pivotal role
205in the apoptotic pathway. Treatment of MCF-7 and MDA-MB-231
206cells with embelin (0, 5 and 50 mM) for 72 h revealed caspase
2073 activity was highest when cells were exposed to 50 mM embelin
208(Fig. 4A). In both cell lines, caspase 3 activity following treatment
209with 50 mM embelin was approximately two-fold that of control.
210Furthermore, Bcl-2 expression in MDA-MB-231 cells was signifi-
211cantly suppressed when exposed to 50 mM embelin for 72 h. In
212contrast, no difference in Bcl-2 expression was observed following
213treatment with 5 mM of embelin (Fig. 4B).

214Effect of embelin on gene expression in MCF-7 and MDA-MB-231

215To elucidate the effect of embelin on the genomic level, Human
216Breast Cancer RT2 Profiler PCR Array was performed on MCF-7 and
217MDA-MB-231 cells to identify expression differences in breast
218cancer associated genes following treatment with embelin
219(10 mM) for 24 h. Expression analysis revealed significant changes
220in 27 of the 84 genes studied in MDA-MB-231 cells and all 27 genes
221were down-regulated (Table 1 and Fig. 5A). In contrast, no
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Fig. 3. Effect of embelin on apoptosis in MDA-MB-231 human breast cancer cells. (A) Hoechst 33342/propidium iodide (PI) staining was used to determine apoptosis rate

following treatment of cells. (B) Quantitative analysis of apoptotic rate (%).

Fig. 2. Effect of embelin on apoptosis in MCF-7 human breast cancer cells. (A) Hoechst 33342/propidium iodide (PI) staining was used to determine apoptosis rate following

treatment of cells. (B) Quantitative analysis of apoptotic rate (%).

Fig. 4. Effect of embelin on caspase 3 and BCl-2 expression in human breast cancer cells. (A) 5 � 105 MCF-7 and MDA-MB-231 cells were treated with embelin for 72 h, protein

isolated and caspase 3 expression at protein level determined using ELISA. (B) 1 � 106 MDA-MB-231 cells were treated with embelin for 72 h, protein isolated and BCl-2

expression at protein level assayed using Western blot.
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222 significant changes in gene expression were observed in MCF-7
223 cells (Fig. 5B).
224 Gene ontology categories and pathway analysis of down-
225 regulated genes are summarized in Tables 2 and 3. Our findings
226 reveal overall changes in gene expression patterns following
227 treatment of MDA-MB-231 cells with embelin (10 mM) for 24 h.
228 Pathway analysis showed down-regulated genes participated in
229 pathways in cancer and several signaling pathways including: p53,
230 ErbB, MAPK and VEGF.

231 Discussion

232 Embelin has been reported to inhibit cell proliferation and
233 induce apoptosis in a variety of human cancer cells. While embelin
234 has been investigated extensively in general, there are very few
235 studies examining its effect on breast cancer cells in the literature.
236 In this study, we investigated the effect of embelin on inhibiting
237 cell proliferation, inducing apoptosis and altering gene expression
238 in MCF-7 (estrogen receptor positive (ER+), progesterone receptor

239positive (PR+) and human epidermal growth factor receptor
2402 negative (HER2�)) and the triple negative (ER-, PR-, HER2�)
241MDA-MB-231 breast cancer cells. Our results showed that embelin
242inhibits cell proliferation, reduces cell migration and induces
243apoptosis in a dose- and time-dependent manner regardless of cell
244line. These findings are consistent with the work of Dhanjal et al.
245who reported slower migration of MCF-7 and MDA-MB-231 cells in
246the wound area when treated with 15 mM embelin and that of Li

Table 1
Down-regulated genes in MDA-MB-231 cells.

Gene symbol Fold regulation

AR �2.1

CDK �2.1

AKT1 �2.1

CCND1 �2.1

MAPK3 �2.1

SRC �2.1

ERBB2 �2.3

KRT8 �2.3

RARB �2.3

SFN �2.4

ADAM23 �2.4

PLAU �2.4

JUN �2.4

SERPINE1 �2.6

CCNA1 �2.6

MKI67 �2.6

EGF �2.6

CTNNB1 �2.7

BIRC5 �2.6

NOTCH1 �2.8

HIC1 �3.1

THBS1 �3.2

RASSF1 �3.3

CDH1 �3.3

TP73 �3.3

SLIT2 �3.3

GATA3 �3.6

Fig. 5. Effect of embelin on expression levels of 84 key human breast cancer genes in (A) MDA-MB-231 cells and (B) MCF-7 cells.

Table 2
Gene ontology groups for down-regulated genes (�2-fold) in MDA-MB-231 cells.

Category Count Genes

Regulation of cell

proliferation

12 NOTCH1, CTNNB1, CCND1,

CDK2, EGF, JUN, PLAU, RARB,

SERPINE1, SFN, THBS1, ERBB2

Intracellular signaling

cascade

12 RASSF1, AR, CTNNB1, CCND1,

EGF, MAPK3, SFN, THBS1,

TP73, AKT1, ERBB2, SRC

Regulation of apoptosis 11 NOTCH1, BIRC5, CDH1, JUN,

RARB, SFN, THBS1, TP73,

AKT1, ERBB2, SRC

Cell cycle 11 RASSF1, MKI67, BIRC5,

CTNNB1, CCNA1, CCND1,

CDK2, MAPK3, THBS1, TP73,

AKT1

Positive regulation of

biosynthetic processes

9 NOTCH1, AR, CTNNB1, CDK2,

JUN, RARB, THBS1, TP73,

AKT1

Blood vessel development 8 NOTCH1, CTNNB1, EGF, JUN,

PLAU, SLIT2, THBS1, AKT1

Regulation of

phosphorylation

8 CCND1, EGF, JUN, SFN, THBS1,

TP73, AKT1, ERBB2

Positive regulation of gene

expression

7 NOTCH1, AR, CTNNB1, CDK2,

JUN, RARB, TP73

Table 3
Pathway analysis for down-regulated genes (�2-fold) in MDA-MB-231 cells.

Pathway Count Genes

Pathways in cancer 14 RASSF1, AR, BIRC5, CDH1,

CTNNB1, CCNA1, CCND1, CDK2,

EGF, MAPK3, JUN, RARB, AKT1,

ERBB2

p53 signaling pathway 6 CCND1, CDK2, SERPINE1, SFN,

THBS1, TP73

ErbB signaling pathway 6 EGF, MAPK3, JUN, AKT1, ERBB2,

SRC

MAPK signaling pathway 4 EGF, MAPK3, JUN, AKT1

VEGF signaling pathway 3 MAPK3, AKT1, SRC
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247 and coworkers who showed similar dose-dependent apoptotic
248 effect [8,9]. However, the study by Li and coworkers only focused
249 on MCF-7 cells [9].
250 To date very few studies have investigated gene expression
251 profiles of solid tumors treated with embelin. In the current study,
252 we examined the expression profile of 84 key genes involved in
253 breast cancer carcinogenesis following treatment of breast cancer
254 cells (MDA-MB-231 and MCF-7) with embelin. Our objective was
255 to provide new data on genes that are significantly altered by
256 embelin in both cell lines. Such information could be pertinent to
257 designing and developing suitable embelin-based combination
258 therapies for treating breast cancer.
259 Among the 84 genes examined, 27 were highly down-regulated
260 in MDA-MB-231 cells while no change in gene expression was
261 observed in MCF-7 cells following exposure to embelin (10 mM) for
262 24 h. We selected this concentration since based on our cell
263 proliferation studies it is slightly higher than the IC50 of embelin in
264 both MDA-MB-231 and MCF-7 cells after 24 h of treatment. Our
265 finding of no changes in gene expression profiles in MCF-7 is
266 interesting and warrants further investigation in the future.
267 Presently it is not clear why this phenomenon occurs, however,
268 it is conceivable that dose and exposure time may play a key role.
269 Unlike MDA-MB-231 cells, MCF-7 cells were less responsive to
270 embelin at 10 mM following exposure to the drug for 24 h.
271 Although, it is possible that variation in replicates can prevent
272 significant changes from emerging in the MCF-7 cells, it is unlikely
273 the case in our studies. Since we were interested in the functional
274 role of the differentially expressed genes, we grouped them as
275 follows: Signal transduction, Epithelial-Mesenchymal Transition
276 (EMT), Angiogenesis, Cell Adhesion Molecules, Proteolysis, Apo-
277 ptosis, Cell Cycle, DNA Damage and transcription factors. Several
278 signaling pathways affect signal transduction. Therefore, differen-
279 tially expressed genes in the signal transduction group were
280 further examined under the following sub-categories: Steroid
281 Receptor-Mediated, Hedgehog, Glucocorticoid, Classical WNT,
282 PI3 K/AKT, NOTCH and MAPK. Among these sub-categories, no
283 glucocorticoid signaling genes were significantly upregulated or
284 downregulated. In contrast, we observed two Steroid Receptor-
285 Mediated sub-category genes to be significantly differentially
286 expressed. CTNNB1 and AR were downregulated. AR (Androgen
287 Receptor) is an important transcription factor involved in breast
288 cancer carcinogenesis which plays a pivotal role in signal
289 transduction as a steroid receptor-mediated molecule. It has been
290 shown to be expressed in majority of breast cancers and across the
291 three main sub-types, with AR expression associated with well-
292 differentiated breast cancers [10–13]. We found AR expression to
293 be downregulated in MDA-MB-231 cells following treatment with
294 embelin. This result is in close agreement with the findings of
295 Danquah et al. In their study, AR expression was observed to be
296 downregulated in C4-2 prostate cancer cells following treatment
297 with embelin [3].
298 Notch signaling is abnormally activated in various cancers
299 including breast cancers [14]. Therefore, we examined expression
300 of two genes associated with Notch signaling (NOTCH1 and BIRC5).
301 BIRC5 encodes survivin, a member of the inhibitor of apoptosis
302 protein (IAP) family. Recently, Lee et al. have shown survivin to be a
303 direct transcription target of NOTCH1 [15]. Survivin is an
304 antiapoptotic protein which functions by inhibiting caspase
305 activation and is overexpressed in several solid tumors. Conse-
306 quently, survivin has become an attractive drug target for treating
307 cancer and numerous approaches have been exploited to down-
308 regulate its expression in cancer [16]. NOTCH1 is typically
309 upregulated in several cancers. It is regarded as an oncogene
310 since its overexpression inhibits apoptosis in certain cancers and is
311 associated with poor prognosis in breast cancer [17–19]. Suman
312 and coworkers showed inhibition of NOTCH1 by psoralidin to result

313in growth arrest and inhibition of EMT in breast cancer cells and
314breast cancer stem cells [20]. Nakagawa’s group has reported on
315the effect of EGFR inhibitors on survivin expression [21,22]. Their
316results show gefitinib decreased survivin expression in NSCLC cells
317while erlotinib had no effect on survivin expression in EGFR
318mutation positive NSCLC cells with PTEN loss. In our study, we
319found NOTCH1 and BIRC5 expression to be significantly down-
320regulated in MDA-MB-231 cells following treatment with embelin.
321The role of EMT in breast cancer has been well studied. For
322instance, Hiscox et al. showed EMT triggered by EGFR signaling
323increased invasiveness and caused MCF-7 breast cancer cells to be
324resistant to tamoxifen [23]. We therefore investigated expression
325changes of five EMT regulators (CTNNB1, NOTCH1, SRC, TGFb1 and
326TWIST1) following exposure of MDA-MB-231 cells to embelin. In our
327study, only CTNNB1 and NOTCH1 exhibited altered expression post
328embelin treatment and both molecules were downregulated. As
329EMT regulators, it is not surprising that CTNNB1 and NOTCH1 are
330downregulated together. CTNNB1 encodes the proto-oncogene Beta-
331Catenin which accompanies slug-induced EMT resulting from a
332series of cascading molecular events initiated by Notch activity [24].
333The significant changes in gene expression profile in MDA-MB-
334231 cells following treatment with embelin involved three
335apoptosis regulatory genes: AKT1, JUN and TP73. All three genes
336were downregulated following treatment with embelin in our
337study. AKT1 and JUN are known to inhibit the apoptotic process
338and hence promote cancer cell survival. The observed decrease in
339AKT1 and JUN expression post embelin treatment may represent
340an effort to accelerate the apoptotic signaling pathway thereby
341promoting cell death. TP73 is a tumor suppressor which induces
342apoptosis. In this regard, our results of decreased TP73 expression
343in embelin treated MDA-MB-231 cells are rather unexpected and
344warrant further investigation.

345Conclusions

346In summary, this study identified 27 differentially expressed
347key genes involved in breast cancer carcinogenesis following
348exposure of the breast cancer cell line MDA-MB-231 to embelin
349using the Human Breast Cancer RT2 Profiler PCR Array. The
350differentially expressed genes were subjected to pathway analysis
351and gene ontology using DAVID. Pathways identified confirmed
352the importance of p53, ErbB, MAPK and VEGF signaling in embelin
353therapy. Also, differentially expressed genes were primarily
354involved in regulation of cell proliferation, apoptosis and blood
355vessel development. Collectively, our results provide an initial yet
356universal view of potential molecular targets in MDA-MB-231 cells
357affected by embelin and this knowledge could aid in the design and
358development of effective embelin-based combination therapies for
359treating breast cancer.
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