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ABSTRACT
Breast cancer is a complex and multifactorial disease. Tumors have a heterogeneous microenvironment, which have multiple interactions with
other cell types, greatly inﬂuencing the behavior of tumor cells and response to therapy. The 3D culture mimics the microenvironment better
found in vivo and is more appropriated than the traditional 2D culture made from plastic to test the cellular response to drugs. To investigate
the effects of [10]-gingerol on breast tumor cells, we used physiologically relevant three-dimensional (3D) cultures of malignant and nonmalignant human breast cells grown in laminin-rich extracellular matrix gels (lr-ECM). Our results showed selective cytotoxicity of
[10]-gingerol against the malignant T4-2 breast cancer cell line compared to non-malignant S1 cells. The compound reverted the malignant
phenotype of the cancer cells, downregulating the expression of epidermal growth factor receptor (EGFR) and b1-integrin. Moreover,
[10]-gingerol induced apoptosis in this cell line. These results suggest that [10]-gingerol may be an effective compound to use as adjuvant
therapy in breast cancer treatment. J. Cell. Biochem. 118: 2693–2699, 2017. © 2017 Wiley Periodicals, Inc.
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inger (Zingiber ofﬁcinale Roscoe) is the rhizome of Zingiberaceae family plants, world known and used as a spice in
cooking. Originally from Southeast Asia, ginger has been widely
used as a medicinal plant for thousands of years, especially in its
native region. Various studies describe their anti-inﬂammatory,
-microbial, -oxidant, and -emetic activities [Haniadka et al., 2012].
Much of the ginger bioactivity is due to its phenolic compounds [4],
[6], [8], and [10]-gingerols, paradols, and shogaols, which,
particularly for gingerols, have an anti-proliferative and
-angiogenic action on tumor cells, as demonstrated by several in
vivo and in vitro studies [Liu et al., 2012]. Our group demonstrated
that [10]-gingerol was more efﬁcient, compared to [6] and
[8]-gingerol, inhibiting cell proliferation of MDA-MB-231 breast
cancer cells with more selectivity compared to non-tumor cells
[Almada da Silva et al., 2012].
Breast cancer is a complex and multifactorial disease. Tumors
have a heterogeneous microenvironment with multiple interactions
with other cell types, such as macrophages, endothelial cells, and
ﬁbroblasts, as well as extracellular matrix (ECM) components. These
interactions may involve autocrine, paracrine, and endocrine signals
related to gene transcription, cell death, growth, differentiation, and

survival, which are altered during tumor progression [Weaver et al.,
1996; Thoma et al., 2014; Weigelt et al., 2014].
Laminin-111 is one of the main constituents of basement
membrane (BM) and plays a central role in maintaining the
differentiation status and morphogenesis in breast tissue [Bissell
et al., 2003]. When non-malignant human breast cells, such as
HMT 3522 S1 cells, are grown in three-dimensional (3D) gels made
of laminin-rich extracellular matrix (lr-ECM), they form growth
arrested acinar-like structures that resemble those found in the
human breast. Basal junctions in the acini mainly contain a6/b4
integrins linked to BM laminin-332, basally secreted by S1 cells.
Cell–cell junctions are characterized by side localized b-catenin/
E-cadherin in adherent junctions and ZO-1/ZO-2 in lateroapical
tight junctions. On the other hand, malignant breast cells, such as
HMT 3522 T4-2 cells, form disorganized colonies that exhibit
continuous growth and do not show apicobasal polarity [Petersen
et al., 1992]. When in lr-ECM 3D culture, T4-2 cells form
disorganized multicellular tumor-like masses with uninterrupted
proliferation. Overexpression of epithelial growth factor receptor
(EGFR) is one of the reasons that promote this continuous growth.
Interactions between T4-2 cells and ECM are mediated by
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b1-integrins, highly expressed on these cells compared to nonmalignant S1 cells. b1-integrins in T4-2 cells bind to laminin-111
from lr-ECM. However, it is possible to revert the malignant
phenotype of these cells interfering in some pathways, such as
blocking b1-integrin or inhibiting EGFR or MAPK, re-establishing
basoapical polarity, and obtaining acinar structures similar to
non-malignant cells [Wang et al., 1998; Weaver et al., 2002; Vidi
et al., 2013]. Similar to b1-integrins, EGFR is also overexpressed
on malignant T4-2 cells, leading to uninterrupted growth [Weaver
and Bissell, 1999b]. However, their blocking and inhibition of
MAPK kinase activation induces a decrease in the expression of
both receptors [Wang et al., 1998; Weaver and Bissell, 1999b]. In a
3D system, as in vivo, there is a bidirectional cross-modulation
between these MAPK and EGF signaling pathways that does not
occur in 2D monolayers [Wang et al., 1998]. An attenuation
of MAPK/EGF induced activation causes cell growth arrest
[Wang et al., 1998].
It was demonstrated that the use of a function blocking antibody
against b1-integrin, AIIB2, was able to revert the malignant
phenotype in HMT-3522 series T4-2 cells, as well as in MCF-7
and Hs58T breast cancer cells [Wang et al., 1998, 2002; Weaver and
Bissell, 1999b]. Subsequently, cell polarization provided by
b4-integrin in 3D culture was related to the resistance of apoptosis
in non-malignant breast cells and in breast malignant cells whose
phenotype was reverted. The conversion was also observed when the
polarization of normal cells was disrupted using blocking antibodies
of E-cadherin [Weaver et al., 2002].
As the 3D cultures not only better mimic the microenvironment
found in vivo, but also take into account the interaction of cells with
the ECM components, we aimed to investigate the effects of
[10]-gingerol on HMT-3522 progression series cells growing in
lr-ECM in 3D culture. Results indicate that [10]-gingerol presents
selective cytotoxicity toward the malignant T4-2 breast cancer cell
line compared to non-malignant S1 cells. Moreover, [10]-gingerol
was able to induce apoptosis and to revert the malignant phenotype
of T4-2 cells.

MATERIALS AND METHODS
CELL LINES AND MEDIA
Human HMT3522 mammary epithelial progression series S1 (nonmalignant) cells were originally isolated from a benign mammary
ﬁbrocystic nodule collected from a reduction mammoplasty tissue
[Briand et al., 1987]. This cell line became immortalized spontaneously in culture and gave rise to the non-malignant S1 cell line,
which is EGF dependent for growth. After continuous passages
without EGF, a new non-malignant line arises. This cell line
produced a rare tumor when injected into nude mice. The tumor cells
were isolated in culture and reinjected into the mice originating the
malignant T4-2 cell line, a triple-negative breast cancer cell line with
an invasive phenotype [Schmeichel et al., 1998; Rizki et al., 2008;
Vidi et al., 2013].
S1 and T4-2 cells were maintained in a chemically deﬁned H14
medium [DMEM-F12 (Thermo Scientiﬁc) serum free-medium
containing 250 ng/ml insulin (Thermo Scientiﬁc), 10 mg/ml
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transferrin (Sigma–Aldrich), 2.6 ng/ml sodium selenite (Collaborative Research), 10 nM b-estradiol (Sigma–Aldrich), 1.4 mM
hydrocortisone (Collaborative Research), and 5 mg/ml prolactin
(Sigma)] in a humidiﬁed incubator at 37°C and 5% CO2. Nonmalignant S1 cells were maintained in the presence of 10 ng/ml
EGF (Collaborative Research). MDA-MB-231 cells (malignant)
were purchased from ATCC (catalog number HTB-26) and were
cultivated in 10% FBS DMEM medium containing 1% penicillin/
streptomycin.
REAGENTS
[10]-gingerol was provided by the Natural Products Laboratory,
Department of Chemistry, UFSCar using a puriﬁcation method
previously described [Almada da Silva et al., 2012]. PD98059 was
purchased from EMD Millipore and AIIB2 from Aragen Bioscience.
The latter is a rat monoclonal IgG and was puriﬁed from a hybridoma
cell line.
THREE-DIMENSIONAL CELL CULTURE
Experiments in 3D culture were performed using a lr-ECM gel:
Matrigel1 (BD Biosciences). The 3D cell culture was carried out
according to the protocol previously described by Lee et al.
[2007] using the “on top” method. Brieﬂy, 24- or 6-well-culture
plates were coated with 0.5 ml of chilled Matrigel1 spread with a
pipette tip to avoid bubbles. Plates were incubated in a humidiﬁed
incubator at 37°C and 5% CO2 for 20–30 min for polymerization.
Cells were trypsinized, counted, and seeded on the plate and
chilled medium with 10% Matrigel was added. Different concentrations of [10]-gingerol were mixed with the chilled remaining
medium containing Matrigel and added to cells. Plates were
incubated for 3–4 days. The images were visualized and photos
were taken using a Nikon Eclipse TS 100 microscopy under 10
magniﬁcation.
IMMUNOSTAINING
Cells were ﬁxated with 4% paraformaldehyde solution for 20 min
and washed three times with PBS-glycine (50 mM) for 10 min.
Samples were blocked in immunoﬂuorescence solution (IF) (1.3 M
NaCl, 132 mM Na2HPO4, 34.5 mM NaH2PO4, 77 mM NaN3, 1% BSA,
2% Triton-X-100, 0.5% Tween-20, pH 7.4) containing 10% goat
serum and goat anti-mouse IgG F(ab1)2 (Santa Cruz Biotechnologies) for 1 h at room temperature. Subsequently, primary
antibody staining was carried out using the following antibodies:
anti-a6-integrin (1:300), anti-b-catenin (1:50) (BD Biosciences),
GM130 (D6B1)  P(R) (1:1000), and anti-cleaved caspase 3 (Cell
Signaling Technologies), overnight at 4°C. Samples were washed in
IF for 20 min, three times. Alexa Fluor-488 and -568 (1:500)
coupled to secondary antibodies were incubated for 1 h at room
temperature. After washing the samples twice in PBS for 10 min,
DAPI (diamidino-2-phenylindole) staining was performed using
0.5 ng/ml DAPI solution (Thermo Scientiﬁc) for 4 min at room
temperature and samples were washed again 10 min in PBS before
mounting the slides with Fluoromount G (Electron Microscopy
Sciences). Samples were photographed under AxioVision Fluorescence Microscope (Zeiss Microscopy) at 40 magniﬁcation and
analyzed using Image J Software.
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CALCEIN-DAPI ASSAY AFTER STRUCTURE FORMATION
This assay was conducted after formation of the 3D structures, 6 days
for S1 cell lineage and 4 days for T4-2 and MDA-MB-231 cells. Cells
were treated with different concentrations of [10]-gingerol for 3
days. After treatment, structures were stained using 0.001 mg/ml
calcein acetoxymethyl-diacetylester (calcein AM) (Invitrogen) and
0.05 mg/ml DAPI (Thermo Scientiﬁc) for 1 h inside the incubator
(37°C, 5% CO2). Images were captured onto AxioVision Fluorescence
Inverted Microscope (Zeiss Microscopy) at 20 magniﬁcation and
analyzed using Image J Software.
PROTEIN EXTRACTION
To carry out the experiments involving protein extraction, the ECM
gels from the 3D cell culture were solubilized as described previously
[Lee et al., 2007], using cold PBS-EDTA (5 mM) solution containing
NaVO4 (1 mM), NaF (1.5 mM), and protease inhibitor cocktail (EMD
Millipore). The solution was transferred to tubes and gently stirred in
a cold room (4°C) for 20 min to dissolve Matrigel1 and centrifuged
for 5 min at 800 rpm. Obtained pellets were lysed with RIPA buffer
(150 mM NaCl; 50 mM Tris–HCl pH 7.4; 50 mM NaF; 2 mM EDTA;
1.0% NP-40; 0.5 mM Na-deoxycholate; 0.1% SDS, pH 8.0) and
transferred to a 1.5 ml microtube, sonicated for approximately 20 s
on ice and centrifuged for 20 min at 12,000 rpm.
IMMUNOBLOT ANALYSIS
Protein concentrations of supernatants were determined using a DC
Protein Assay kit (Bio-Rad). Protein samples (15 mg) were applied
onto a 4–20% Tris–glycine gel (Life Technologies), transferred to
nitrocellulose membranes (GE Amersham), and incubated with antib1-integrin, -EGFR, and -b-catenin antibodies (BD Biosciences),
followed by incubation with HRP-conjugated goat anti-mouse
secondary antibody (Thermo Scientiﬁc). Beta-catenin was used as
the loading control. Substrate development was performed using
SuperSignal West Dura Extended Substrate reagent (Thermo
Scientiﬁc). Speciﬁc bands were visualized with FluorChem imager
(Alpha Innotech) and quantiﬁed with Image J software, normalized
to b-catenin.

RESULTS
[10]-GINGEROL INDUCES PHENOTYPIC REVERSION OF MALIGNANT
T4-2 CELLS IN 3D LR-ECM
To optimize [10]-gingerol concentrations in phenotypic reversion of
malignant T4-2 cells in 3D culture, a morphology assay was
performed. Two previously validated reverting agents, a mechanistic
inhibitor of MAPK (PD98059) and b1-integrin function blocking
antibody (AIIB2) were also tested to verify which one was the best to
compare to [10]-gingerol. [10]-gingerol was also tested on the nonmalignant S1 cells to determine selective cytotoxicity toward
malignant cells. [10]-gingerol did not promote any signiﬁcant
change on the morphology of S1 cells (Fig. 1A).
On the other hand, malignant T4-2 cells treated with [10]-gingerol
had a remarkable reduction on the 3D structure size, similar to that
observed with PD98059 and AIIB2 antibody treatments, suggesting
that this natural product has a potential to modulate the malignant
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phenotype. It can be observed that 1 mM [10]-gingerol started to
induce the reduction of the structure size (Fig. 1A). When treated with
concentrations above 2.5 mM, some disaggregation was observed on
the structures, which could indicate an occurrence of apoptosis
(Fig. 1A). The effects of [10]-gingerol on a triple negative breast cancer
cell line, MDA-MB-231, were also analyzed. When in 3D culture,
MDA-MB-231 cells formed huge three-dimensional tumor-like
structures. The cells showed an increased sensibility to [10]-gingerol,
with a notable reduction of structure size in treatments at 1 mM and
above (Fig. 1A), suggesting that [10]-gingerol effects are not limited to
T4-2 cells, but extend to other human breast cancer cells.
It is well established that basoapical polarity confers apoptosis
resistance in non-malignant S1 cells [Weaver et al., 2002]. However,
in previous results, where cells were treated with [10]-gingerol at the
same time they are plated, subtle differences were found in treated S1
morphology when compared to the controls. To better mimic the
physiological conditions in vivo, when tumor cells are already
established in the tumor prior to treatment, a cytotoxicity assay
using calcein AM and DAPI double staining was carried out after full
growth of the 3D culture structures (Fig. 1B). After the formation of
3D structures, 6 days for S1 cells and 4 days for T4-2 and MDAMB-231, due to high proliferation rates of these malignant lines,
cells were treated with different concentrations of [10]-gingerol for 3
days. Live cells were identiﬁed by an intense and uniform green
ﬂuorescence due to intracellular esterase activity, which enzymatically converts calcein AM to ﬂuorescent calcein, retained by viable
cells (Fig. 1B). On the other hand, cells that lost membrane integrity
had the nuclear DNA stained with DAPI, which is excluded by viable
cells that have an intact membrane. Results showed no signiﬁcant
differences in DAPI staining when treated with [10]-gingerol up to
10 mM in S1 cells. On the other hand, in the T4-2 and MDA-MB-231
pre-formed structures, cell death and, consequently, a reduction in
colony size was observed compared to the vehicle used in the
controls (Fig. 1B). These data indicate that [10]-gingerol could
present selective cytotoxic for malignant cells with little or no
damage to normal cells in physiological conditions.
To conﬁrm that [10]-gingerol treatment phenotypically reverted
the malignant phenotype of T4-2 cells, immunostaining was
performed using anti-a6-integrin and -b-catenin antibodies to
determine the polarity of the resulting T4-2 cell colonies (Fig. 1C).
The results corroborated with the previous morphology assay. T4-2
3D structures were not only smaller, but also [10]-gingerol allowed
T4-2 cells to form polarized normal-like structures in lr-ECM 3D
culture, which exhibited a similar organization to S1 acinar
organoids (Fig. 1C), as well as the reverted controls of T4-2 cells
treated with PD98059 and AIIB2 (Fig. 1C). On the other hand, MDAMB-231 treated cells had a reduction in colony size, but a
reorganization into acinar organoids was not observed (Fig. 1C).
This result is similar to previous reports where MDA-MB-231 cells
were not phenotypically reverted when using only one reverting
agent [Wang et al., 2002].
[10]-GINGEROL MODULATES THE LEVEL OF EGFR AND b1 INTEGRIN
IN MALIGNANT T4-2 CELLS
T4-2 cells overexpress EGFR and b1-integrin adhesion receptors
[Weaver and Bissell, 1999a]. When T4-2 cells are reverted in 3D
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Fig. 1. Effects of [10]-gingerol treatment on the modulation of malignant phenotype and selective cytotoxicity on tumor cells. (A) Cells, previously incubated with mentioned
concentrations of [10]-gingerol, PD98059, or AIIB2, were seeded on the Matrigel1 suitable medium and images were captured onto a Nikon Eclipse TS 100 microscopy under
10 magniﬁcation. (B) Calcein AM/DAPI live/dead assay double staining, conducted 6 (for S1 cells) or 4 (for T4-2 and MDA-MB-231 cells) days after the formation of 3D
structures and treated with described concentrations of [10]-gingerol for 3 days. Living cells were identiﬁed by an intense and uniform green ﬂuorescence color and dead cells by
blue. (C) Immunostaining of non-malignant S1 and malignant T4-2 and MDA-MB-231 cells. Cells, previously incubated with mentioned concentrations of [10]-gingerol,
PD98059, or AIIB2, were seeded on the Matrigel1 suitable medium. The 3D structures were collected from the wells in which they were grown, ﬁxed with 4% paraformaldehyde,
and stained with anti-b1-integrin (AIIB2 antibody, green), anti-b-catenin (red), and with the Alexa Fluor secondary antibody, for immunostaining procedures. Nuclei are stained
with DAPI (blue). Images were taken using an AxioVision Fluorescence Inverted Microscope (Zeiss Microscopy) under 40 magniﬁcation (scale bars 40 mm).

culture, there is a cross-modulation between these two signaling
pathways and both of these proteins are down-modulated. Growth
suppression observed on reverted T4-2 3D structures is correlated
with an attenuation of MAPK/EGF induced activation, which could
be an alternative therapeutic strategy against breast cancer in the
early stages [Wang et al., 1998]. Inhibition of MAPK kinase
activation and also inhibition of EGFR or b1-integrin induce a
decrease in the expression of both EGFR and b1-integrin [Wang
et al., 1998; Weaver and Bissell, 1999a].
To determine whether [10]-gingerol induces down-modulation of
EGFR and b1-integrin as seen in treatments with other reverting
agents, immunoblotting was performed. Results showed that [10]gingerol was able to induce a downregulation of both receptors,
EGFR and b1-integrin in T4-2 cells, explaining the occurrence of
growth-arrest and restoration of basolateral polarity in 3D
structures, as previously observed. The suppression by [10]-gingerol
is comparable to treatment with the MAPK inhibitor, PD98059 used
as the control. S1 cells, which express lower levels of EGFR and b1integrin, showed no signiﬁcant alterations when treated with [10]gingerol (Fig. 2).
As we previously observed that [10]-gingerol above 2.5 mM
showed morphological characteristics of apoptosis in malignant
T4-2 cells, we further sought to determine whether [10]gingerol could induce apoptosis in 3D lr-ECM culture.
Immunostaining using an anti-cleaved caspase-3 antibody, as
expected, showed no presence of apoptotic cells on S1 cells
treated with [10]-gingerol, similar to the control (2.5%)
(Fig. 3A and D).
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However, T4-2 reverted structures concentrated cleaved
caspase-3 staining in the center of the structures, in the
luminal compartment in 25% of cells (Fig. 3B and D). This
phenomenon could be explained by the interactions of basally
located cells with ECM, which protect them from apoptosis
[Park et al., 2006; Haniadka et al., 2012]. MDA-MB-231
disorganized colonies were extensively positive for cleaved
caspase-3, conﬁrming previous results using 2D culture
(manuscript in preparation) (Fig. 3C and D).

DISCUSSION
Within 3D lr-ECM gels, non-malignant S1 cells form polarized,
multi-cellular growth-arrested and acinus-like colonies in response to the laminin-111 in the BM, resembling the acinar
structures of normal human mammary tissue. In contrast, under
the same conditions, malignant T4-2 cells form disorganized and
non-polar colonies that grow continuously [Lee et al., 2007; Rizki
et al., 2008]. EGFR, integrin, and aerobic glycolysis-signaling
pathways are hyper activated in malignant T4-2 cells and
reciprocal interactions among these pathways occur in T4-2 cells
when grown in 3D lr-ECM [Weaver et al., 1997; Onodera et al.,
2014].
It was demonstrated that the inhibition of various signaling
pathways enables T4-2 cells to form polarized growth-arrested
colonies (without any change in their genotype), presenting a
morphology similar to the colonies formed by non-malignant S1
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Fig. 2. [10]-gingerol reverts malignant phenotype in T4-2 cells by EGFR and b1-integrin suppression. After treatments, the protein content from the supernatant ECM gels of
3D cell culture was measured, applied onto a SDS–PAGE gel and transferred to nitrocellulose membranes. Membranes were incubated with anti-b1-integrin, -EGFR, and
-b-catenin antibodies, followed by incubation with a HRP-conjugated secondary antibody. Beta-catenin was used as the endogenous control. The results showed that
[10]-gingerol induces a downregulation of EGFR and b1-integrin on T4-2 cells. Levels of EGFR and b1-integrin in S1 cells levels were not signiﬁcantly changed when treated
with [10]-gingerol. The suppression is comparable to the mechanistic inhibitor of MAPK, PD98059 used as the control and occurs in a concentration-dependent fashion.

P < 0.01;  P < 0.001.

cells [Weaver et al., 1997; Becker-Weimann et al., 2013; Onodera
et al., 2014] in a process called “phenotypic reversion.” The resulting
3D morphology of the colonies is used to phenotypically distinguish
malignant from non-malignant cell lines [Wang et al., 2002; Kenny
et al., 2007].
In this study, we observed that [10]-gingerol, a natural product
extracted from ginger, is able to revert the malignant phenotype
in physiologically relevant 3D cultures of cancer cells growing in
lr-ECM. These effects are mediated by EGFR and b1-integrin
suppression. The results presented in this study are in agreement with
previous studies demonstrating that [10]-gingerol presented antitumor activities in MDA-MB-231 breast cancer cells, which are
mediated by EGFR suppression and inactivation of Akt and MAPK
activities [Joo et al., 2016].
In our study, [10]-gingerol demonstrated to have little or null
effects on non-malignant S1 cells. We have already shown that
[10]-gingerol was able to inhibit cancer cell proliferation with more
speciﬁcity compared to non-cancer cells [Almada da Silva et al.,
2012]. In addition, in this study, we observed a high rate of luminal
apoptosis on 3D structures when malignant cells were incubated
with [10]-gingerol, with no effect on non-malignant cells. Few
studies have demonstrated the effects of [10]-gingerol on apoptosis
induction. Ryu and Chung [2015] showed that [10]-gingerol induces
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mitochondrial apoptosis through activation of MAPK pathway in
HCT116 human colon cancer cells.
Nevertheless, the apoptotic activity of [6]-gingerol was extensively demonstrated [Poltronieri et al., 2014]. The molecular
mechanisms by which [6]-gingerol mediates apoptosis induction
are diverse and include suppression of cyclin D1 expression by
modulation of b-catenin, PKCe, and GSK-3b pathways [Lee et al.,
2008], inhibition of NF-kB, AP-1, COX-2, MAPK, pJNK, and pERK
[Park et al., 2006], increase in p53 content [Lin et al., 2012], and
caspase activation [Ishiguro et al., 2007; Shukla et al., 2007; Nigam
et al., 2009; Chakraborty et al., 2012].
There are few reports showing the effects of natural products on
the reversion of the malignant in 3D culture. One of the these
examples is resveratrol, which has been demonstrated to induce
luminal apoptosis in 3D, but not in 2D culture leading to the
formation of a luminal cavity, probably by inhibiting phosphodiesterase 4 (PDE4) activity [Tsunoda et al., 2014]. Whether [10]-gingerol
is able to inhibit PDE4 activity remains to be investigated.
Studies using monolayer cultures are not able to mimic a
physiological relevant microenvironment found in vivo, which is
well-known to interfere massively in signaling pathways. In fact, the
capability of [10]-gingerol to reduce the expression of EGFR and b1integrin, as well as its apoptotic activity, could be correlated to some of
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Fig. 3. Cleaved caspase 3 immunostaining of (A) S1 vehicle-treated cells (upper panel) and S1 [10]-gingerol-treated cells (lower panel); (B) T4-2 vehicle-treated cells and T4-2
[10]-gingerol-treated cells; (C) MDA-MB-231 [10]-gingerol treated cells. The 3D structures were collected from the wells in which they were grown, ﬁxed with 4%
paraformaldehyde and stained with anti-b1-integrin (AIIB2 antibody, green), anti-b-catenin (red), and with the Alexa Fluor secondary antibody, for immunostaining
procedures. Nuclei were stained with DAPI (blue). S1 cells treated with vehicle and 2.5 mM [10]-gingerol are negative to cleaved caspase 3. T4-2 treated reverted structures have
luminal localized apoptosis. Treated MDA-MB-231 colonies are extensive positive to cleaved caspase 3. (D) Graph of ﬂuorescence mean intensity, showing the increase in
cleaved-caspase 3 in [10]-gingerol treated T4-2 and MDA-MB-231 colonies. Magniﬁcation is described in the ﬁgures. Scale bars 40 mM.  P < 0.01;   P < 0.001.

the signaling pathways cited above, however, more studies on 3D models
and in vivo are necessary to reveal its role in these cellular events.

CONCLUSION
In summary, the results obtained showed that [10]-gingerol changed
the morphology of malignant cell structures in lr-ECM 3D cell
culture, without interfering in non-malignant S1 cells, showing
selectivity of [10]-gingerol against malignant cell lines. The
compound was also able to revert the malignant phenotype of
T4-2 cells by downregulation of EGFR and b1-integrin expression
and induction of apoptosis. These results indicate that [10]-gingerol
may be an effective compound to be used as adjuvant therapy in
breast cancer treatment.
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