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ABSTRACT

In the last few years, bioengineered tumor models for breast cancer has revitalized academia and industries with
better tools to assess dynamic features such as cancer progression, invasion and metastasis. Previously, breast
cancer biology has been studied predominantly by means of two-dimensional (2D) cell cultures, which were
deficient in mimicking the tumor microenvironment (TME). To alleviate such limitations, three-dimensional
(3D) tumor models have been proposed, which are cost-effective and reliably reproduce the complexity of the
breast-cancer TME. We have developed two types of silk scaffolds, HFIP-based sponges and lyophilized, to
mimic the TME. Silk fibroin, for fabricating the scaffold, was extracted from Bombyx since they are known
to be biocompatible, tough, elastic, and biodegradable. We observed, that MDAMB-231 cells cultured in these
scaffolds have altered proliferation, stemness, hypoxia and propensity to transition from an epithelial to a
mesenchymal phenotype. This 3D breast cancer model can be a cost-effective alternative and could be used
to study the molecular mechanisms and impact of drugs.
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INTRODUCTION

The exponential rise in cancer and allied issues
globally has revitalized academia and industries
to explore and achieve efficient tools and
methodologies for early and effective diagnosis.
Amongst the major efforts, in-vitro tumor
models as been appreciated as a potential tool
for understanding cancer biology. It contributes
towards the screening of efficient anti-cancer
agents Chang (2008). In-depth exploration
shows that majority of the in-vitro researches
use monolayer culture (2D) for cancer cell
development. Such conventional paradigms are
also known as Cancer Cell Monolayer Cultures
(CCMC). However, such approaches exhibited
significantly high limitations due to lack of
tumor-specific microenvironments Chang
(2008), Vinci (2012), Erler (2009), Polonia-
Alcala (2018). To the drawbacks of 2D scientific
community explores in vitro models to mimic
the microenvironment augment their efficacy
in preclinical trials. To achieve such objectives,
the use of Three-Dimensional (3D) structure
for optimal spatial growth of cells would be of
paramount significance .

The key differences in cell phenotypes and
molecular signature when cells are cultured on
2D and 3D structures has led to the proliferation
of 3D cell-based platforms in biosciences. 3D
cell culture platforms typically vary as per
material’s characteristics, processing mechanisms,
and their structures. For example, the key 3D
cell culture platforms are reconstituted ECM,
synthetic hydrogels, porous polymer scaffolds,
and nano-topography. Previous studies, Ravi
(2015), Lee (2007), Edmondson (2014), Wang
(2018), Bai (2019) have shown that the numerous
3D cell mechanisms, including spheroid,
hydrogel or scaffold-based cultures, can enable
environmental cues in the same way as observed
in physiological or pathological tissue. Though,
3D cell characteristics can be easily reproduced
across the different solutions of the 3D cell-based
platforms, it is inevitable to define 3D cell-
based platforms as complementary or integrated
tool to perform cancer microenvironment
analysis. Varied illustrations of the accessible
3D cell culture platforms can be visualized as
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a methodology with the potential to inculcate
in-vitro conditions self-assembly, perfusion, and
co-culture with other studies have suggested that
tumors should be viewed as a well-structured
pathological organ Egeblad (2010) consisting
different types of cells like fibroblasts, endothelial
cells, immune cells or adipocytes Hanahan (2012)
rather than a mass of unrestrained proliferating
cells. This alternate viewpoint broadens the
horizon for in vitro models by co-culturing of
cells with varied origins. Early research had
revealed that co-culture methods show significant
changes in different biological mechanisms like
epithelial to mesenchymal transition, metastasis,
neo-angiogenesis, fibroblast’s transformation into
Cancer- Associated Fibroblasts (CAFs) Kim (2015),
Angelucci (2012), Sethi (2015), Esendagli (2014),
Sung (2013). Similarly, co-culture mechanisms
have exhibited the transformation of macrophages
into Tumor-Associated Macrophages (TAMs) Kim
(2015), Angelucci (2012), Sethi (2015), Esendagli
(2014), Sung (2013). However, there exists
large scope for understanding the pathology of
tumor microenvironment, which can be vital for
the development of new and effective cancer
therapies.

Considering all this, in our work, the emphasis is
made on the development of a 3D breast cancer
model by employing a natural silk scaffold. Silk
fibroin fibres have been employed in medicine
since a long time, especially as surgical sutures.
However, its significance as a biomaterial has
increased many-folds in the last few years due to
the development of silk-based 3D scaffolds for cell
cultureKearns (2008), Altman (2003), Jastrzebska
(2015). Considering its robustness especially
in terms of biocompatibility, biodegradability
and the self-assembly, it has been applied in
numerous bio-engineering purposes including
the development of cartilage and bone tissues
Sundelacruz (2009), Yodmuang (2015). In the last
few years, tumor models for hepatocarcinoma
Kundu (2013), and mammary adenocarcinoma
Talukdar (2011), osteosarcoma Tan (2011)
have been developed using silk scaffolds. Few
researches and allied only models which have
used three-dimensionality of the tissue as well
as heterotypic interactions between cells Chiew
(2017), Onion (2016), Amann (2017), Valdez
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(2017). In this study, we have cultured cells with
three different conditions each on 2D, plain
silk layers and 3D silk scaffolds as mentioned
below.

1. MDAMB-231 cells as control,
Conditioned Media- MDAMB-231 cells
are cultured in media taken from flasks
containing 3T3 cells. This media is called
conditioned media as it contains the
proteins and other factors secreted by 3T3
cells, which could influence MDAMB-231
cell growth like in co-culture conditions,

3. 3T3-MDAMB-231- In this condition 3T3
cells are cultured/grown on the scaffolds
for 24 hr, after 24 hr 3T3 cells are removed
using 2mM EDTA (EDTA helps in cell
detachment from the surface but the
ECM secreted by the cells stay intact on
the cultured surface). MDAMB-231 cells
are then cultured on these ECM-coated
scaffolds.

In order to facilitate 3D architecture, we used
natural silk which was extracted from the cocoons
of Bombyx mori. Standard protocols were
followed for extracting silk protein Fibroin from
Bombyx mori cocoons and making scaffolds out
of them. We developed two types of scaffolds;
HFIP-based sponges and lyophilized scaffolds.
In our work, we enhanced scaffold production
mechanism along with cell seeding, long-term
3D cell culture and cell detachment mechanism.
We have characterised our model by measuring
the swelling and by using microscopy, cell
proliferation assay and gene expression analysis.
In this study, the consideration of the genetic
modification after culturing cells under different
conditions, gave efficient cell production along
with better cells separation. Such labeling helped
making optimal assessment of their reciprocal
interactions by means of gene expression
(patterns) analysis.

MATERIAL AND METHODS

We have developed two types of silk scaffold.
HFIP-based sponges and lyophilized scaffolds
which were obtained by extracting silk fibroin
from silkworm Bombyx mori. Silk fibroin is

biocompatible, tough, elastic, and exhibit better
mechanical properties and biodegradability with
tunable degradation rates. Unlike classical 2D
culturing, we employed 3D culturing. Breast
cancer cells were seeded on this naturally-derived
biomaterial matrix for mimicking of the TME
while assuring sufficient crosstalk amongst cancer
cells and stroma. In this study, the morphological
and proliferation properties of breast cancer cells
grown on these scaffolds were evaluated. The
detailed discussion of the materials and methods
used in this study is given in the sub-sequent
sections.

Silk-Scaffold Development: We first extracted
silk-protein fibroin from Bombyx mori cocoons.
To extract silk-protein fibroin from Bombyx mori
cocoons, we followed the standard protocols
proposed in Danielle (2011). We first degummed
worm-free, clean cocoons, with predefined
weight, by boiling them in 0.02M Na2CO3solution
for 40 minutes.Once degummed, the fiber mesh
obtained was washed three times for 20 minutes
individually and then air-dried overnight under
aseptic conditions. The dried silk fibers, we
weighed and dissolved using 12% w/v silk/9.3M
Lithidum bromide (LiBr) and maintained at
700C for four hours. To perform further dialysis
the dissolved silk solution was added with LiBr
into a dialyze membrane which was prepared
before pouring the silk Libr mixture.The dialysis
membrane was prepared as the standard protocol
proposed by Rosenberg (1996). In this method,
the required length of dialysis membrane was
cut and boiled in 200Na2C03 +1mM EDTA for
10 minutes which was later washed thoroughly.
Silk with LiBr mixture was poured to the dialysis
membrane and was processed for 48 hours against
Millipore water. Noticeably, during the dialysis
process, the water being used was changed at
a defined interval (1, 3, 6, 12 and subsequently
every 12 h). After dialysis for 48 h, the solution
inside the dialysis membrane was transferred into
a falcon, which was centrifuged twice at 9000
rpm at 40C for 20 mins.

The clear supernatant was collected and stored
at 4°C in fresh falcons while the debris was
discarded. Before making scaffolds, we calculated
the percentage as well as weight of silk in the
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sample. In our experiment, the percentage of silk
was calculated by adding 0.5 ml of the solution on
aluminum foil, which was kept for drying at the
temperature of 600C.Before adding silk solution
with aluminum foil, it (i.e., aluminum foil) was
weighted and recorded. Thus, obtaining dried silk
with foil we weighted it and recorded. To calculate
the weight of silk we used following equation.

Weight of silk(W ) (1)
= (Weight of dried silk with foil- Weight of foil)

Thus, obtaining the weight of silk, we calculated
the percentage of silk using (2).

W
Silk (%) = Cl5jn"

x 100 (2)

In (2), 0.5 ml signifies the volume of silk solution
considered for analysis.

Making of SFs: As already stated, in this study
two distinct types of scaffolds were developed;
HFIP based sponges and lyophilized scaffolds.
To prepare lyophilized scaffolds 1ml of 4% silk
fibroin (per well) was added in a 24 well plate
and lyophilized for 24 hours. On contrary, to
prepare HFIP based sponges (i.e., scaffolds), 7%
w/v lyophilized silk/HFIP solution was prepared
where silk fibroin was dissolved completely in the
HFIP solution. During silk dissolving phase, NaCl
was sieved for uniform sized 250-425 um. 3.4 gm
of NaCl was spread in 35mm dish. This process
was repeated for as many scaffolds as required.
To obtain a uniform layer the 35 mm dish with
NaCl was tapped gently, followed by adding 1 ml
of silk/HFIP solution per well using a syringe in
the fume hood. Subsequently, dish was wrapped
with parafilm and left in the chemical hood for
1-2 days for the silk/HFIP solution to penetrate
through the salt.

Once the salt appeared wet i.e., the silk solution
reached the bottom of the dish. The dish was left
open in chemical hood for HFIP to evaporate for
a day, which was then followed by adding 1ml
of methanol to each container and sealed with
parafilm and left for a day. Excess of methanol
was removed from the sample. The containers
containing samples were transferred to a two
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liter beaker with Millipore water and left for salt
to dissolve. The water was changed 2-3 times
per day and was continued for 3 days for salt
leaching. Once the salt dissolved, the scaffolds
were separated from the dishes and were collected
in a falcon and stored in Millipore water at 40C
until used. To prepare plain silk sheets (as control),
1ml of silk/HFIP solution was poured in 35 mm
dish was left open in chemical hood for HFIP to
evaporate for a day, which was then followed
by adding 1ml of methanol to each container.
The prepared sample was left for a day. Excess
of ethanol was removed from the silk sheets and
was dried.

Characterization of the developed Scaffolds: Once
the scaffolds were ready for further assessment,
we performed in depth characterization in terms
of swelling property, water-uptake property,
mechanical characterization, Scanning Electron
Microscopy (SEM) analysis etc. A brief of the
characterization methods applied in this study to
assess efficacy of the developed 3D breast cancer
model using Silk Fibroin Scaffold.

Swelling property of the scaffolds: To examine
swelling property of the developed scaffolds, they
were hydrated for 24 hr in ionized water and
Phosphate buffer saline (PBF) separately and each
scaffold was incubated at room temperature and
37°C. After 24 hr, the scaffolds were assessed for
its swelling percentile, which was obtained using
following equation (3).

Mwee 100

Swelling(%) = ——-—
(M) (3)

In above equation (3), the variable M_Wetsignifies
the weight of scaffold after 24 hours of soaking
in water or PBS, while M refers the dry weight
before soaking.

Water-uptake property of the scaffolds:
Quantification of water uptake of the scaffolds
were obtained by soaking scaffolds in ionized
water and PBS seperately for 24 hours at room
temperature, followed by drying at the 50°C. To
calculate water-uptake property, we used the
following equation (4):
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W,
Water — Uptake{(%) = {WS — n—‘) % 100
5

(4)
In (4), the variables W_S and W_d signifies
the weights of the wet scaffolds and the dried
scaffolds, respectively.

Mechanical Properties of the Scaffolds: To
perform mechanical characterization of the
developed SFs, we used Dynamic Mechanical
Analysis (DMA) method. Typically, DMA is
applied to assess elastic properties (bending,
elasticity, tensile strength). DMA analysis was
obtained for both the scaffolds i.e., HFIP based
sponges as well as 4% lyophilized scaffold.

Cell culture: In this process, MDA-MB-231 cells
were cultured in Dulbecco’s modified Eagle’s
medium—high glucose (DMEM, Sigma-Aldrich)
which was supplemented with 10% heat-
inactivated Fetal Bovine Serum (FBS) (Sigma-
Aldrich, North American origin) and antibiotics
penicillin streptomycin powder (Hi Media) 0.4 pg
/ml final concentration. The cells were cultured at
37°C, where the relative humidity was maintained
at 95% with 5% CO2. In our experiment, we used
cells from an 80% confluent dish. Silk scaffolds
and plain sheets where coated with collagen type
IV, followed with PBS washes, the scaffolds where
incubated in culture media overnight. Cells were
seeded at the rate of 1, 00,000 cells per scaffold/
plain silk sheet. In this experiment, cells were
cultured under three distinct conditions on both

Table TA Swelling Property (in Percentile)

scaffolds as well as plain silk sheets (control) as
explained in the introduction section.

Biochemical or Molecular Assay:Once obtaining
the distinct cell culture samples, we perform
molecular assays where each sample was
processed or examine for DNA quantification
and RT-PCR. A snippet of the DNA quantification
and quantitative real-time polymerase reaction is
given in the sub-sequent sections.

DNA Quantification

In this study, the proliferation of the cells was
assessed under control and treated conditions,
which was evaluated at day 1, 3 and 5 by
measuring the DNA content using the Pico-green
dsDNA quantification kit (Invitrogen). To perform
DNA quantification, we used a recent protocol
proposed in Kumar (2016). Summarily, the cells
were lysed using lysis buffer (0.02% SDS with
Proteinase K 0.2 mg/ml). The lysate was mixed
with the Picogreen dye to determine DNA content
by measuring the fluorescence intensity in a well-
plate reader with 485 nm excitation and 528 nm
emissions.

Quantitative real time polymerase reaction: To
assess quantitative real-time polymerase reaction,
cells were cultured on silk scaffolds and control
plain silk for two different time points 7 days and
14 days. For molecular gene expression studies
RNA was isolated using the RNase Mini Kit
(Quigen) as per the manufacturer’s instruction. In

Hydration
T emperature
Water PBS
Foom 052 03.0
Temperature
37°C 847 05 .4

Table IB Water uptake properiv (in Percentile)

Temperature

30°C

Water uptake (%0)

PBS
029

Water
040
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this study, we used a total of 2 pg of RNA for cDNA
synthesis using a high-capacity cDNA reverse
transcription kit (Applied Bio-systems) as per the
manufacturer’s instruction. Quantitative real-time
PCR (qRT-PCR) was carried out using a Power up
SYBR Green master mix (Thermo Scientific) with
10ng of the cDNA as the template. Further, we
normalized the gene expression to glyceraldehyde
3-phosphate dehydrogenase (GAPDH) and the
fold change was calculated by means of 2-AAct.
To study gene expressions, we used EMT markers
Epithelial-cadherin (E-cad), Neural-cadherin
(N-cad), Vimentin, Snail, Slug, Twist, Paxillin,
along with Matrix metalloproteinase-2 (MMP2),
Sox2 and HF1 primers.

RESULTS AND DISCUSSION

We have characterized the mechanical properties
of the developed silk scaffold and characterized
the biochemical properties of the cells grown
in them through molecular assays such as
DNA quantification and Quantitative real time
polymerase chain reaction. We have used plain
sheet of silk as control for our biological assays
onHFIP + silk scaffolds. We further discuss
the results obtained and our inferences. Since
porosity is a biologically-relevant mechanical
property, we have characterized it by measuring
the swelling (Table IA) and water-uptake (Table IB)
of our scaffold. Swelling was measured at room
temperature and at 37°C for water and PBS.

The swelling at room temperature was higher
when hydrated with water in comparison to
hydration with PBS. Interestingly, at 37°C,
swelling was higher when hydrated with PBS We
estimated water uptake at 50°C using equation

Figure 1. Scanning electron microscope images
of silk scaffolds prepared using the HFIP at 100
and 50 micros.
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(4) (Table IB). We observed that the water uptake
under water is higher than with PBS These results
show that these porous scaffolds are suitable for
3D tissue culture. Such scaffolds can be used to
understand various properties of the cell such
as adhesion, polarity, and morphology. The
stiffness of silk/HFIP sponges is higher (5.8 kPa)
in comparison to 4% lyophilized scaffold (2.8
kPa). Moreover, the stiffness of thesilk scaffold is
closer to the stiffness of the breast tissue in vivo
when compared to the stiffness of standard tissue
culture dishes, which is in the order of gigapascals
Paszek (2005),.

This is relevant because mechanical forces and
stiffness of the cell microenvironment is known to
alter gene expression patternsand cell signaling.
In addition, the rigidity of the matrix can also
affect stem cell separation, the migration of cells
through cell membrane receptors, and activation
of actin cytoskeleton Engler (2006), Mendoza
(2010), Menezes (2008), Buxboim (2010), Erler

Figure 2. Scanning electron microscope images
of cells cultured on silk scaffolds with (A)
MDAMB, (B) Con-MDAMB, (C) 3T3+MDAMB at
100 micros.
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(2009), Kim (2009). the porous nature of the
scaffold enables circulation of oxygen and
nutrients that could eventually help in elimination
of cell detachment and its debris. On contrast,
such features are not visible in the 2D monolayer
culture that typically exhibits cellular uniformity
(in terms of shape and size) along with contact
inhibition at confluence. Hence, we have chosen
HFIP-silk scaffolds for further experiments. Cells
cultured on the 3D scaffold typically have more
space to proliferate and hence take more time to
reach confluence. Cells form clusters in between
the single layers of cells towards the scaffold’s
surface which eventually gives rise to the
multilayer clumps. Lack of detoxification results
in growth arrest which then later develops into
necrosis in the central regions. This mimics breast
tumor in vivo and is therefore a more realistic
breast cancer model. Figures 1 and 2 show the
SEM images of the scaffold and cells cultured in
them. Cells were cultured for a period of 7 and
14 days (Fig. 2).

We have measured the DNA concentration
of MDAMB cells cultured on control and silk
scaffolds and under three conditions, normal,
conditioned media, and decellularized ECM
matrix for a period of 3, 6 and 9 days. (Fig. 3) In
the control at normal conditions, the proliferation
increases from day3 to day 6 and then it
decreases. In the case of MDAMB cells grown
under conditioned media, the cell proliferation is
consistently decreasing from day 3 to day 9 for

both control and silk scaffolds. This could be due
to the secreted factors present in the conditioning
media. In contrast, the cells cultured on control
and silk scaffolds containing on decellularized
ECM matrices are proliferating. This shows the
importance of cell-ECM interaction in tumor
formation. The following results exhibit the
quantitative real-time polymerase reaction
assessment of the silk scaffolds. Fig. 4 a,b,c,d
exhibit the molecular change in cell cultured on
plain and scaffolds on 7th and 14th day. We
have characterized the fold-changes of different
EMT markers; Epithelial-cadherin (E-cad), Neural-
cadherin (N-cad), Vimentin, Snail, Slug, Twist,
Paxillin, along with Matrix metalloproteinase-2
(MMP2), Sox2 and HF1 primers.

Results (Fig. 4) reveal that cells cultured on plain
scaffold showed both epithelial and mesenchyme
characters, on 7th day increase in E-cad and
Paxillin levels contributing to the epithelial
character but on the 14th day change in levels
of slug, snail, twist, MMP2 along with N-cad
and Vimentin contributing to mesenchyme
character, with increase in stemness and hyoxia
condition contributes to processes involved
in metastasis like chromosomal instability,
invadopodia, angiogenesis etc. Cells on scaffolds
with time showed mesenchyme characteristic.
Gene expression levels of Slug, Snail and twist
contributes to increase in cell stemness (SOX2)
and metastasis.

Figure 3. DNA profile assessment for the different condition on plain silk sheet and silk scaffolds
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DISCUSSION

The key limitations of the major at hand
approaches or cell models are its inability to
examine the efficacy of anti-cancer agents and
varied cell-interactions occurring in the TME. Such
limitations revitalize researchers to develop more
efficient and advanced in vitro tumor models. In
our work, a novel breast cancer model (3D in vitro
culture model) was developed for mimicking the
architecture and the stiffness of the breast tumor.
This approach enabled spatial cell-development
on a porous, scaffolding structure that mimics
the in vivo tissue-like microenvironment for the
cells. The concurrent use of different culturing
conditions for cells characterizes robustness of
the proposed model to form a “tumor organ’.
Such culture mechanism enabled the in-depth
assessment of the direct as well as reciprocal
interactions amongst the cancer cells. The bio-
material used in this cancer cell model was natural
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silk fibroin, which is cost-efficient, accessible,
non-toxic that after removal of sericin layer
exhibits no activating adaptive immune response.
Initially, we emphasized on selecting the best
scaffolding technique for breast cancer tumor
cell’s culture. In our study, we exhibited that silk
fibroin scaffolds with the pore size ranging 250-
500 pm can be significant towards optimal cell
proliferation and associated infiltration. Here, two
commercially available cell lines were used for 3D
culture. Considering the significance of the TME
in cancer biology, different in vitro culture models
have been proposed Belli (2018), Kolenda (2018).
However; not much significant efforts are made
towards assessing direct as well as reciprocal
cell interactions analysis that often takes place
in between stromal and tumor cells. There are
some cancer models which employ indirect co-
culture, by applying cell-growth within distinct
compartments or by using conditioned media (CM)
from the specific kind of cells. Such approaches

Figure 4. Changes in the relative expression of genes (A) 7" day silk plain sheet and (B) 14"
day silk plain sheet (C) 7" day on silk scaffold (D) 14" day on silk scaffold measured using
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enable merely understanding the impacts
of paracrine signaling but avoid exhibiting
direct cell-to-cell interactions. In this study
we developed a system that enables assessing
direct cell-to-cell interactions. The scaffolds
allowed cell attached, proliferating and ECM
secreation, affirming the fact that silk fibroin can
be a potential and better biomaterial to support
cell culture. This study revealed perceptible
differences in morphology (in cells cultured in
3D culture). It is found that in the culture cell
model, it becomes intricate to distinguish singular
cells by SEM images due to cell-embedding into
the thick layer of extracellular matrix generated
by cells. In addition, this study revealed different
growth kinetic and morphological changes in 3D
culture model. The gene expression patterns of
the cells were examined. Cells cultured on 2D silk
sheets, were characterized to be more epithelial
phenotype when compared to cells cultured on
3D scaffold.

Factually, such phenotypic inferences depend
predominantly on the morphology of cell. In
the considered breast cancer cells, breaking of
B-catenin often cause significantly rise in cell
mobility along with mesenchymal, vimentin
expression that refers an EMT Yamori (1997). The
cell-transition into a 3D environment signifies
their higher mesenchyme phenotype nature.
Noticeably such features were observed more
in those genes which are conscientious towards
extracellular matrix production and remodeling.
Thus, this study revealed that the 3D culture
enables cells the environmental cues required to
maintain their physiology Yamori (1997).

CONCLUSION

We have developed and characterized a silk-
protein-based scaffold for mimicking the
tissue microenvironment and stiffness in
vitro. Breast cancer cells (MDAMB-231) were
cultured with ECM secreted by fibroblasts (3T3)
on these scaffolds. Two different scaffolds,
namely, HFIP-based sponges and lyophilized
scaffolds were developed. The geometry of the
scaffolds was characterized using SEM; physical
properties such as swelling, and water-uptake
were measured. We characterized the cells
cultured on these scaffolds by measuring their

morphology, proliferation and gene expression
levels of a panel of cancer-associated genes. Our
preliminary results show that cells in the scaffold
show enhanced expression of genes associated
with invasion, migration, ECM-remodeling and
metabolism. It is pertinent to note that even
though MDAMB-231 cells are metastatic, they
gradually lose their mesenchymal phenotype
when grown in 2D culture dishes. In contrast,
when grown on our scaffolds, they exhibit their
true metastatic potential. Moreover, our scaffolds
are flexible, cost effective, biocompactable and
easy-to-handle. Hence, our system could be an
attractive in vitro model for studying breast
cancer metastasis in vitro, testing the efficacy and
molecular mechanisms of the ani-cancer drugs.
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