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Abstract

Colon cancer is one of the leading causes of cancer-associated death worldwide. The prognosis for advanced
colorectal cancers remains dismal, mainly due to the propensity for metastatic progression. Accordingly, there
is a need for effective anti-metastasis therapeutic agents. Since a great body of research has indicated anticancer
effects for curcumin, we investigated the effects of dendrosomal curcumin (DNC) on cellular migration and
adhesion of human SW480 cells and possible molecular mechanisms involved. Different methods were applied
in this study including MTT, Scratch and adhesion assays as well as real-time PCR and transwell chamber
assays. Based on the results obtained, DNC inhibits metastasis by decreasing Hef 1, Zeb 1 and Claudin 1 mRNA
levels and can reduce SW480 cell proliferation with IC_ values of 15.9, 11.6 and 7.64 uM at 24, 48 and 72h post-
treatment. Thus it might be considered as a safe formulation for therapeutic purpose in colorectal cancer cases.
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Introduction

Colorectal cancer (CRCs) is the third most common
cancer in men and the second in women (Ferlay et al.,
2008; Ku et al., 2012). Generally, the lowest incidence
rates among both men and women are reported in Africa,
Central and South America, and South Central Asia (India
and Pakistan) (Ferlay et al., 2008; Ku et al., 2012). The
prognosis for advanced CRCs remains dismal, mainly
due to the propensity for metastatic progression (Gulhati
et al., 2011). In the initial step of cancer metastasis,
tumor cells sometimes undergo epithelial-mesenchymal
transition (EMT), which requires the disruption of
cell-cell adhesions (Hynes, 2002; Meng and Takeichi,
2009). In many cases, metastasis may occur as a result
of dysregulation in cell adhesions molecules or signaling
cascades proteins involved in cell adhesion such as Hef
1 (Lietal.,2011),Zeb 1 (Amar et al.,2011) and Claudin
1(Cld 1) (Nobutomo et al., 2001), that in previous study,
were suggested to be associated with cellular migration
in colon cancer. Accordingly, there is a need for non-
toxic therapeutic agents which are easy and effective to
use for cancer prevention and treatment. About 80% of
all anticancer drugs today are somehow composed from

natural products (Kuo et al., 1996; Zhang et al., 2012).
One of the most important natural compounds is curcumin
(diferuloylmethane), the main component of turmeric
(Sporn, 1997; Xiaet al.,2014). It has been used as a spice
and a traditional medicine for many centuries in India and
other Asian countries (Ammon and Wahl, 1991; Kuo et
al., 1996). Chemo-preventive and therapeutic features of
curcumin including anti-cancer, anti-inflammatory and
antioxidant activities were previously confirmed in in vitro
and in vivo models (Khor et al., 2006). The most important
property of curcumin was suggested to be its selective role
in targeting cancer cells against normal cells(Ravindran et
al.,2009; Das et al.,2010). However, low water solubility
and poor uptake remain major obstacles, limiting the use
of curcumin as an anticancer treatment agent (Anand
et al., 2007). Recently, scientists have revealed several
strategies, such as loading synthetic analogs from
turmeric, liposomal formulations and nanoparticles of
curcumin, to overcome the mentioned problems (Anand et
al., 2008; Ferrari et al., 2011; Kushwaha et al., 2012; Orr
et al., 2012). Dendrosome was introduced as a delivery
system in the authors’ research group. This carrier possess
valuable advantages over other carriers, which include
ease of synthesis, stability, nontoxicity, inexpensiveness,
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biodegradability, neutrality, spherical structure, capability
of easily delivering drugs and being extremely convenient
to handle and use (Sarbolouki et al., 2000; Sadeghizadeh
et al., 2008; Babaei et al., 2012). Accordingly, in the
present study, in continuation of our previous works, a
400th generation Dendrosome (Den400) was used as a
carrier for curcumin (Paleos, 2013). There are few studies
reporting the effect of curcumin on cancer cell metastasis,
adhesion to extracellular matrix (Bharat et al., 2005;
Aggarwal et al., 2006; Hong et al., 2006) and there is
however, no available information to address the effects
of curcumin on migration and invasion of SW480 cells,
a cellular model of metastatic colorectal cancer (Trainer
et al., 1988). Moreover, the impact of curcumin on the
expression of Zeb 1, Claudin 1 and Hef 1, molecules
involved in cell adhesion, has not yet been investigated.
A better understanding of the mechanisms of drug would
enhance the therapeutic potential of curcumin either
alone or in combination with other anticancer. Therefore,
the purpose of this study is to evaluate the effects of
dendrosomal curcumin on cell migration and adhesion
to extracellular matrix of SW480 cells and possible
molecular mechanisms involved. The results obtained
showed that dendrosomal curcumin concentration
dependently inhibits the migration and adhesion to ECM
in SW480 cells. This inhibitory activity was mediated
by downregulation of Zeb 1, Claudin 1 and Hef 1 genes
in SW480 cells. Altogether, our findings suggest that
dendrosomal curcumin might have an anti-metastatic
effect by decreasing invasiveness of cancer cells and thus,
could be assumed as a powerful candidate for developing
preventive agents for tumor metastasis.

Materials and Methods

Cell lines and reagents

The human colon cancer SW480 cell line was obtained
from Pasteur Institute of Iran (Tehran, Iran) and cultured
in RPMI 1640 medium (Invitrogen) supplemented with
10 % fetal bovine serum (Invitrogen) and 1% penicillin-
streptomycin (Gibco, Scotland) in 5% CO, at 37°C.
Curcumin was purchased from Merck KGaA (Darmstadt,
Germany) with purity of 95%. Dendrosome nanoparticle
specified Den 400, a nonionic biodegradable denderic
glycol ester (MW: 590 Da, HLB: 12.5 Mh/M, hydroxyl
value: 95 mg KOH/g and acid value: mg KOH/g) was a gift
from Institute of Biochemistry and Biophysics, University
of Tehran, Iran. Dendrosome ‘Synthesis protocol has
previously been described (Mirgani et al., 2014).

Dendrosomal curcumin (DNC) preparation

For DNC preparation, we used an optimized protocol
of our lab (Mirgani et al.,2014). Briefly, different weight/
weight ratios of Dendrosome/curcumin ranging from 50:1
to 10:1 were examined before settling a suitable ratio
of 25:1. Curcumin was dissolved in various amounts of
Dendrosome and checked for absorbance spectra by UV
spectrophotometery (TECAN, Switzerland). Then, the
appropriate mixture of Dendrosome and curcumin was
evaluated for excitation/emission value in comparison
with curcumin dissolved in PBS and 1% methanol as
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control sample. The loading of Dendrosome nanocarriers
with curcumin molecules was performed using MaLing
Gou et al protocol (Gou et al., 2011). Briefly, curcumin
and Dendrosome were co-dissolved in SmL of acetone;
this solution was added into SmL of PBS while stirring
constantly. Then, the acetone was evaporated in rotary
evaporator. The curcumin/Dendrosome micelle solution
was sterilized using a 0.22 ym syringe filter (Millex-LG,
Millipore Co., USA). Finally, the prepared DNC was
stored in 4°C in a light protected condition until used. For
in vitro experiments, DNC was diluted in complete culture
medium as mentioned for each assay.

Microculture tetrazolium (MTT) assay

Microculture tetrazolium (MTT) assay was used to
assess the inhibitory effect of DNC, free curcumin and
dendrosome on viability of SW480 cells. For this purpose,
seeded cells were plated in 96-well plates at density of
5000 cells/100 u1 PRMI in each well and then, exposed
with either control or varying concentrations of DNC,
free curcumin and dendrosome (0-30 xM) for 24, 48,
and 72h. (In previous studies have been indicated that
curcumin decreased the proliferation of human colorectal
cancer cells with an inhibitory rate of near 100% after
30-40 pM curcumin treatment as a result we used above
mentioned concentrations in MTT test and low doses
(=IC,,) of curcumin and DNC to minimize the effect of
anti-proliferation on the inhibition of migration in next
tests ). Thereafter, the control medium and the media
were replaced by MTT solution (0.5 mg/ml) and after
3h, with DMSO and the color absorbance was read at
wavelength of 570 nm in an ELISA reader (company).
The percentage of viable cells was calculated as (%)=(0OD
exp/ OD con)x100, where OD exp and OD con are the
optical densities of exposed and control cells, respectively
(Mosmann, 1983). The 50% lethal concentration (IC, )
values of DNC on SW480 cells at different time intervals
were determined by GraphPad Prism 5 statistical package.
The parameter C or IC, was calculated according to the
following equation: Y=[a-d/1+(X+c®)] +d (Sebaugh,
2011).

Wound-healing assay

Migration of SW480 cells was measured by wound-
healing assay as described previously with some
modifications. The cancer cells were cultured in 24-well
plates and grown in RPMI 1640 containing 10% FBS to
nearly confluent cell monolayer, then a scratch wound was
created on the cell surface using a micropipette tip. The
monolayer was washed once with PBS to remove debris
or the detached cells from the monolayer. Cells incubated
at different concentrations (0, 3, 6 and 9 uM) of DNC,
then the cultures were incubated at 37°C, stained with
20% Giemsa solution (Sigma Chemical) and prepared
for the light microscope, subsequently photographed
with microscope at 0 and 24h, respectively. For each time
point, four measurements per scratch were carried out.
For quantification and statistical analysis, the individual
scratch width (micrometer, mean and standard deviation)
was measured using the Image J software. The cell
wound closure rate was measured for 0, 3,6 and 9 uM of
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DNC at 24h post-treatment (the scratch width at Oh was
supposed to be 1 ym) and calculated according to the
following equation: % wound closure=(scratch width in
Oh-the remaining scratch width in 24h)/scratch width in
0hx100%. The cell wound closure rate at Oh in each group
was treated as 0%. The experiments were performed in
triplicate (Liang et al., 2007).

Transwell migration assay

In transwell migration assay, transwell membranes
(8 ym pore size, 6.5mm diameter; Corning Costar
Corporation, Cambridge MA) were coated with fibronectin
(2.5mg/ml), which was diluted in serum-free RPMI
medium. Then, 300,000 cells were trypsinized, washed,
and kept suspended in a medium lacking FBS. Migration-
inducing medium (with 10% FBS) was added to the lower
wells of the chambers, Upper wells were filled with serum-
free medium and cells (300,000 cells per well), in some
cases, they contained different concentrations of DNC (0,
3,6, and 9 yumol/L). Then, the chamber was placed into
a humidified incubator. After 8h, assays were stopped by
removal of the filters and medium from the upper wells.
Filters were fixed with methanol by brief submersion and
were subsequently wiped on the cells of the upper side
using the Q-tip. Filters were stained with 20% Giemsa
solution (Sigma Chemical) and prepared for the light
microscope. Evaluation of completed transmigration
was performed , random fields , scanned (four fields per
filter) and the cells that migrated to the lower surface were
also counted (Chen, 2005). The Metastasis Index was
measured for 0, 3,6 and 9 uM of DNC and calculated by
the following equation:

Metastasis Index=Mean of Cells migrated to the lower
surface / Mean of Cells migrated to the lower surface in 0
uM of DNC (Control). The Metastasis Index in 0 M of
DNC was 1. The experiments were performed in triplicate.

Cell-matrix adhesion assay

To measure the relative attachment of the SW480 cells
to immobilized fibronectin, 96-well plates were coated
with 100 ul of 2.5 mg/ml fibronectin (Sigma, USA) and
incubated overnight at 4°C. Then, the plates blocked with
100p1 PBS containing 3% (w/v) BSA for 30 min at 37°C.
For measuring baseline nonspecific binding, other wells
were coated with 1 mg/ml BSA. Following pretreatment
of cells with 0, 3, 6 and 9 uM DNC for 24h, the cells
were resuspended in serum-free RPMI1640 (SFM) and
BSA (1:1) and incubated at 37°C for 90 min to allow
recovery of cell surface receptors and alleviate the effect
of trypsin on the cells. Approximately 50,000 cells in
100u1 of SFM-BSA were seeded in quadruplicates into
each fibronectin-coated well and incubated at 37°C for 90
min. Nonadherent cells were removed after washing with
PBS, and the adherent cells were fixed in ethanol for 10

min. After 5 min of crystal violet staining (0.1% (w/v) in
25% (v/v) methanol) at room temperature, the cells were
gently rinsed five times with water to remove unbound
stain and allowed to air-dry at room temperature. Fixed
cells were lysed by 0.2% Triton X-100, and the absorbance
was measured at 550 nm as follows: % Adhesion to matrix
in 0 uM of DNC as 100 (Dastpeyman et al., 2012).

Analysis of gene expression by real-time PCR

Following pretreatment of cells with 4, 8 and 12 uM
DNC for 48 h, total RNA was extracted from SW480 cells
with Trizol (Invitrogen, Cergy-Pontoise, France) according
to the manufacturer’s instructions. The quantity and quality
of the isolated RNA were determined by Nanodrop ND-
1000 (Nanodrop Technologies, Wilmington, Delaware,
USA) and agarose gel electrophoresis (1% agarose; Gibco/
BRL), respectively. The amount of the 260/280 OD ratio
of all samples was between 1.8 and 2.2, indicating their
high purity. cDNA was synthesized using a RevertAid
Reverese transcriptase cDNA Synthesis Kit (Fermentas,
Germany) according to the manufacturer’s protocol and
stored at -20°C until use. Primers were designed onto
two adjacent exons with a very long intron in middle by
AlleleID 6.0 (http://www.premierbiosoft.com). All of the
selected primers sequences were further analyzed with
the Oligo software (http:// www.cambio.co.uk/index.
php). Gapdh was used as an internal housekeeping control
gene to normalize the mRNA expression levels. Real-
time PCR was performed with a light cycler instrument
(Applied Biosystems 7500, USA) using 5x HOT FIREPol®
EvaGreen® HRM Mix (ROX) (Solis BioDyne Inc.). In a
total volume of 10 pl, 2 pl eva Green master mix, 1 pl
of cDNA samples, 0.5 pl of forward and reverse primers
(10 pmol) and 6.5 pl of nuclease-free water (Qiagen,
Hilden, Germany) were added into each capillary tube.
The PCR condition included an initial denaturation of
1 min at 95°C followed by 40 cycles at 95°C for 15s, at
62°c for 30s and at 72°C for 30s. The specificity of the
PCR products was assessed by verifying a single peak
in melting curve analysis. For complementary length
verification, PCR products were visualized on 1.5%
agarose gel stained with ethidium bromide. No template
controls were included in each run. Primer efficiencies
were calculated by LinregePCR 12.17.1.0 and fold change
in relative expression of each target mRNA calculated on
the basis of comparative Ct (224“) method. The sequences
of primers are listed in Table 1.

Statistical analysis

The results were expressed as mean+SD. All
experiments were performed in triplicate except for
Transwell Migration Assay, which was performed in
duplicate. Statistical significances of difference throughout
this study were calculated using a Student’s t-test and by

Table 1. Nucleotide Sequences of the Primers Used for Real-time RT-PCR

Gene Accession number Forward primer (5°-3") Reverse primer (57-3") Size (bp)
Gapdh NM_002046 4 GTGAACCATGAGAAGTATGACAAC CATGAGTCCTTCCACGATACC 123
Hef 1 NM_182966 CTGGATGGATGACTACGATT TCTGAGAGGGCTTCCACTTC 203
Zeb 1 NM_001174094 GCATACACCTACTCAACTAC CACAAATCACAAGCATACAT 203
Claudin 1  NM_021101 ATGAGGTGCAGAAGATGAGG GGTGTTGGGTAAGAGGTTGT 256
Asian Pacific Journal of Cancer Prevention, Vol 16, 2015 2475
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one-way variance analysis. p values<0.05 were considered
significant.

Results

Effect of DNC, free curcumin and dendrosome on cell
viability of the SW480 cells

The inhibitory evaluation, which was carried out
through MTT assay using various pharmacologically
achievable concentrations (0-30 pM) of DNC, free
curcumin and dendrosome at different time intervals (24,
48 and 72h), demonstrated that DNC inhibits cell viability
of SW480 cells in a dose and time dependent manner
(p<0.001). As shown in Figure 1(a, b, ¢), treatment of the
cell lines with DNC at 3, 6,9, 12, 15, 18, 21, 25 and 30
uM after 24h reduced cell viability of SW480 cells by 7.5,
16.5 (p<0.001),22.5 (p<0.01),43 (p<0.001), 53 (p<0.001),
55.5 (p<0.001), 59.5 (p<0.01), 62.5 (p<0.01) and 71
(p<0.01) %, respectively. Compared with controls, the cell
viability was not altered very much by DNC, except at the
concentrations of 12-30 yM. Therefore, it was confirmed
that a 24-h treatment of DNC with a concentration

“=¢==Dendrosomal curcumin

“=@==Free curcumin

Empty dendrosome

g >

100

80

60

40

20

Cell viability (% of control) 3

E

S ©
g8 3

3
S

IS
S

N
S

Cell viability (% of control)
3

o

0
N’
§

100

60

40

Cell viability (% of control)

20

0 3 6 9 12 15 18 21 25 30
DNC concentration (uM)

Figure 1. Effects of DNC, Free Curcumin and
Dendrosome on SW480 Cell Viability. The cell line was
treated with different concentrations of DNC, free curcumin
and free dendrosome (0-30 uM) for 24 (A) 48; (B) and 72h; (C)
and their viability was assessed using MTT assay. Results are
expressed as a percentage of viability compared to control and
are presented as mean+SD from three independent experiments,
Significance was set at *p=0.05; **p=0.01; ***p=0.001
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ranging from O to 9 M, has no high cytotoxic effect
on the metastatic SW480 cells. Thus, this concentration
range was used in the subsequent experiments. DNC had
the ability to inhibit SW480 cells with IC, in the range
of about 15.86, 11.57 and 7.64 uM at 24, 48 and 72h.
However, the viability of SW480 cells was not affected
by free curcumin only at 48 and 72h (from 9-30 uM).
On the other hand, no inhibitory effect was observed for
dendrosome alone. In total, these findings demonstrate
that dendrosome increased the water solubility and entry
of curcumin to cells without any toxic effects correlated
with dendrosomes as a carrier.

DNC inhibits migration of SW480 cells

SW480 is a metastatic cancer cell line both in vitro and
in vivo (Yu et al., 2013). Due to the fact that DNC could
reduce cell viability as the concentrations of DNC over
12 uM at 24h (the IC, is 15.86 uM), the effects of DNC
on migration ability of SW480 cells were performed at the
concentration range below 12 M and determined by the
wound-healing assay and the Transwell migration assay.
Concentration dependently, DNC (3-9 yM) was able to
significantly inhibit SW480 cancer cell migration, and this
effect was consistent across both the wound-healing and
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Figure 2. Effects of DNC on Cell Migration of SW480
Cells. Wound-healing assay showed the inhibitory effects of
DNC on SW480 cell migration (A). Confluent monolayers of
SW4380 cells were scarred and stained with 20% Giemsa solution
and repair was monitored microscopically after 24h of treatment
with DNC (3-9 uM)) Data shown are from a single experiment;
(B). For quantification analysis, the individual scratch width
(micrometer) was measured using the Image J software and
the wound closure rate was calculated. Data are presented as
mean+SD from three independent experiments, Significance
was set at ¥p=0.05; **p=0.01; ***p=0.001
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Figure 3. Effects of Curcumin on Cell Migration of
SW480 Cells. The Transwell migration assay showed the
inhibitory effects of DNC on SW480 cells migration. After 8h
of incubation with the indicated concentration of DNC, cells
that migrate to the lower chamber were fixed, stained with
20% Giemsa solution and photographed with microscope. For
measuring the Metastasis Index, Random fields were scanned
(four fields per filter of the well) for the presence of cells on the
lower side of the membrane. Data are presented as mean+SD
from three independent experiments, Significance was set at
*p=0.05; **p=0.01; ***p=0.001
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Figure 4. Effects of DNC on Cell Adhesion of SW480
Cells. (A). After pretreatment of the cells with DNC
concentrations of 3, 6,9, 12 and 15 uM for 24 h, cells were
harvested and used for adhesion assay. Approximately 50,000
cells in 100 p1 of SFM-BSA were seeded in quadruplicates into
each fibronectin-coated well and incubated at 37 ° C for 90
min. Nonadherent cells were removed by washing with PBS
twice and the adherent cells were fixed. After crystal violet
staining, adherent cells were photographed with microscope)
Data shown are from a single experiment; (B). For quantification
analysis, the cellular absorbance was measured compared to the
control at 550 nm. Data are presented as mean+SD from three
independent experiments, Significance was set at *p=0.05;
**p=0.01; ***p=0.001
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Figure 5. Effect of DNC on Transcriptional Levels
of the Genes (Zeb 1, Claudin 1, Hef 1) Measured by
Real-time PCR. Data are shown as fold change in relative
expression compared with Gapdh on the basis of Comparative
Ct (2- A (ACt)) method. Data are presented as mean+SD from
three independent experiments, Significance was set at *p=0.05;
##p=0.01; ***p=0.001

transwell migration assays (Figure 2 and 3). Compared
to the controls, different concentrations of DNC (3, 6 and
9uM) reduced % wound closure and Metastasis Index
of SW480 cells by 57% (p<0.01)-0.495 (p<0.01), 71%
(p<0.001)-0.645 (p<0.001) and 73.5% (p<0.01)-0.76
(p<0.001), respectively.

DNC inhibits adhesion of the SW480 cells to matrix

Evaluation of DNC’s effect on SW480 attachment was
done using fibronectin. Compared to the controls, different
concentrations of DNC (3, 6, 9, 12 and 15 uM) after
24h reduced adhesion of SW480 cells to matrix by 21%
(p<0.05),58% (p<0.01),69.5 (p<0.001),73 (p<0.01) and
74.5 (p<0.001)%, respectively. The results showed that
DNC markedly reduced the cells attachment to fibronectin
in a dose dependent- manner (Figure 4).

DNC decreases the mRNA levels of Hef 1, Zeb 1 and
Claudin 1

Comparing with the controls, DNC concentrations of
4,8 and 12 M caused a significant reduction in mRNA
level of Claudin 1 and Hef 1 by a fold change of 0.46
(p< 0.05), 0.34 (p<0.05) in 4 uM, 0.28 (p<0.001), 0.13
(p<0.001) in 8 xM and 0.03 (p<0.001), 0.11 (p<0.001)
in 12 uM compared to the control, respectively. It also
significantly reduced the mRNA level of Zeb 1, by a
fold change of 0.37 (p<0.001), 0.056 (p<0.001) and
0.57 (p<0.05), at the concentrations of 4, 8 and 12 yM
compared to the control, respectively, (Figure 5). Data are
shown as fold change in relative expression compared with
Gapdh on the basis of Comparative Ct (2-244Y) method.

Discussion

In spite of the clinical and technical progresses in
malignant colorectal cancer therapy, the rate of mortality
due to delayed diagnosis and occurrence of metastasis and
invasiveness of the tumor has not changed remarkably.
Most of the drugs available for treatment of colorectal
cancer are not appropriate for their high cost, toxicity and
not guaranteeing against metastasis and cancer recurrence
(Kimelman and Xu, 2006; Huei, 2008; Das et al., 2010;
Babaei et al., 2012). In view of these facts, the need for a
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more efficient treatment for cases affected with metastatic
colorectal cancers which make up the majority of patients
cannot be disregarded. The pleiotropic characteristics of
curcumin to affect multiple signaling pathways make it
an attractive compound for cancer therapy. At present,
the growing knowledge of nanotechnology promises to
be helpful in the development of localized delivery of
therapeutic agents by means of nanocarriers with small
particle size. The anticancer properties of dendrosomal
curcumin (DNC) as a new formulation of curcumin
and dendrosome nanoparticle have been explored in
mice models of fibrosarcoma and different cancers, and
toxicological analysis indicated that did not cause any
severe side effects (Sarbolouki et al., 2000; Sadeghizadeh
et al., 2008; Alizadeh et al., 2012; Babaei et al., 2012).
Dendrosome improves the solubility of curcumin and
facilitates its uptake by cancer cells, suggesting that this
polymer could open new windows to successful drug
delivery in cancer therapy (Alizadeh et al.,2012; Babaei et
al.,2012). In this study, given the well-known limitations
of malignant colorectal cancer treatment strategies, the role
of DNC on the cell metastasis and mechanisms involved
in this process in SW480 cells-a highly tumorigenic and
invasive colon carcinoma cell line (Trainer et al., 1988)
with increased expression of genes Zeb 1, Claudin 1, Hef
1 and matrix-metalloproteinases (MMP)-1,-2,-3,-7 and -9
(Nobutomo et al., 2001; Meiko et al., 2002; Hlubek et al.,
2004; Murray, 2004; Karadag et al.,2005; Tian et al., 2009;
Qinetal.,2010; Amaretal.,2011; Lietal.,2011; Seo and
Kim, 2011; Sanchez-Tillo et al., 2013; Wang et al., 2013;
Zhao et al., 2013) and hyperactive WNT and Hedgehog
signaling pathways (Korinek, 1997; Qualtrough et al.,
2004), was evaluated. During carcinoma progression,
cancer cells enhance their migratory and invasive capacity
through down-regulation of epithelial markers, chiefly the
inhibition of E-cadherin and the acquisition of a motile
dedifferentiated phenotype as part of the epithelial-to
mesenchymal transition. At the transcriptional level,
E-cadherin is repressed by factor of the Zebl as final
downstream effector (Schmalhofer et al., 2009; Brabletz
and Brabletz, 2010; Gemmill et al., 2011; Sanchez-Tillo
et al., 2011). Over the last few years, a wealth of reports
has linked Zebl expression to increased aggressiveness
capacity in a wide range of primary human carcinomas
(Graham et al., 2008; Adachi et al., 2009; Schmalhofer et
al.,2009; Sanchez-Tillo et al.,2013). Hef1, also known as
NEDD?9, is a multi-domain scaffolding protein of the Cas
family, that localizes to focal adhesions to coordinate FAK
and Src signaling cascades in integrin-dependent adhesion
and migration. High levels of Hefl have been reported
in various human cancers including melanoma, lung
cancer and colon cancer (Kim et al., 2006; Ji et al., 2007,
Izumchenko et al., 2009; Li et al., 2011). Tight junctions
play a major role in establishment and maintenance of
cell polarity, differentiation, and controlling cell motility
and invasiveness. Over-expression of Claudins, the main
molecules of tight junction’s transmembrane, particularly
Claudin 1 was observed to increase metastasis in different
human cancers (Gupta and Ryan, 2010). Several studies
have analyzed the role of Zebl, Hefl and Claudin 1 in
cellular adhesion as well as in cancer development and
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metastasis. Overexpression of Zebl, Hefl and claudin
1 has been implicated in promotion of cell migration
and metastasis in various types of cancers. Vice versa,
a knockdown of Zebl, Hefl and Claudin 1 factors with
siRNA or shRNA in undifferentiated cancer cells such as
SW480 cells resulted in metastasis inhibition (Sarah et
al.,2002; Leu et al., 2003; Ray et al., 2003; Conroy et al.,
2005; Natarajan et al., 2006; Sita et al., 2006; Spaderna et
al., 2006; Su, 2006a; Aigner et al., 2007; Ji et al., 2007;
Izumchenko et al., 2009; Wellner et al., 2009; Myal et
al., 2010; Amar et al., 2011; Li et al., 2011; Chen et al.,
2012; Sanchez-Tillo et al., 2013). To date, few studies
have investigated the molecular mechanisms through
which curcumin inhibits metastasis: Amitava Chatterjee
et al. suggested that curcumin impedes cell metastasis by
inhibiting the expression of cell adhesions molecules such
as integrin receptors, focal adhesion kinase (FAK) and
enhances the expression of E-cadherin (Ray et al., 2003).
Tzeng-Horng Leu et al. indicated that curcumin can retard
cellular migration via downregulation of Src and FAK
kinase activity, two important players in integrin signal
transduction (Leu et al., 2003). And finally, our results in
agreement with previous reports (Bharat et al., 2005; Sita
et al., 2006; Su, 2006a; Xiaofu et al., 2006; Hong, 2008;
Huei, 2008; Jeffery et al., 2009; Xin, 2009; Liet al.,2011),
revealed that DNC significantly decreases migration and
adhesion ability of SW480 cells through the inhibition of
Claudin 1,Zebl and Hef] mRNAs expression, suggesting
that DNC exerted its effects partly through regulating the
expression of cell adhesion molecules in SW480 cells.
There are evidences demonstrating that disregulation of
TGFb, RTK/Ras, Notch, Hedgehog and WNT dependent
signaling pathways are the major causes for the occurrence
of metastasis (Huber et al., 2005). Some studies had
previously indicated that curcumin blocks WNT pathway
in different colon cancer cell lines, particularly in SW480,
and since WNT pathway is one of the main regulators of
expression of these genes (Nobutomo et al., 2001; Amar
etal.,2011; Lietal.,2011), the lowered expression in the
studied genes partly may be attributed to WNT inhibition
by curcumin. Moreover curcumin was shown to inhibit
EGFR (Lev,2004), HDAC and NFKB pathways in colon
cancer cell lines (Su, 2006b; Bora-Tatar, 2009) through
which Claudin 1 and Zeb1 is somehow regulated, therefore
Claudin 1 and Zebl declined expression may also be
related to the blockage of these pathways.

In conclusion, in a nut shell, the results of this study
showed that an herbal nano-particle, commercially known
as dendrosomal curcumin, could exert its anticancer
effects such as inhibition of cellular growth, invasiveness
and adhesion of SW480 colon cancer cells through
reducing the expression of Hef 1, Zeb 1 and Claudin 1
genes. This new herbal nanodrug could not only suppress
the proliferation of colorectal cancer cells but also inhibit
metastasis-associated events and thus might be considered
as a safe formulation for therapeutic purpose in colorectal
cancer cases.
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