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Abstract. — OBJECTIVE: The inhibition of the
metastatic capability of cancer cells is a pivot-
al aim of current anticancer strategies. We in-
vestigated herein the anti-migrating and an-
ti-invasive properties of Zebrafish embryo ex-
tracts (SL) — an integrative formula compris-
ing morphogenetic factors extracted from ze-
brafish embryos — alone or in association with
5-Fluoro-Uracil (5-FU), when added to metastat-
ic breast cancer cells (MDA-MB-231) and in nor-
mal epithelial breast cells (MCF10A) committed
toward an inflammatory phenotype upon TGF-1
stimulation.

MATERIALS AND METHODS: Invasiveness,
migrating capability, cytoskeleton architecture
and related molecular factors involved in the ep-
ithelial-mesenchymal transition were studied af-
ter treatment with 5-FU, with and without SL.

RESULTS: Remarkably, in both circumstanc-
es, embryo extracts amplify the migratory inhi-
bition triggered by the anticancer drug 5-Fu. The
fact that such an effect is noticed in normal as
well as in cancerous cells suggests that the crit-
ical target of embryo extracts is specifically rep-
resented by the migrating/invasive phenotype.
However, while 5-FU was unable in antagoniz-
ing the invasiveness of cancerous cells, the as-
sociation with SL can significantly impair the in-
vasive capability of tumor cells. These findings
are noticeably associated with the reversion of
the EMT phenotype in SL-treated cells, as doc-
umented by the contemporary downregulation
of TCTP and some EMT-related molecular effec-
tors, like a-SMA and Vimentin.

CONCLUSIONS: Embryo fish extracts sig-
nificantly counteract the migrating and inva-
sive phenotype of cancerous and inflammatory
breast cells treated with the chemotherapeutic
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drug 5-FU. The availability of a compound able
to amplify 5-Fu activity while significantly ham-
pering the invasive phenotype of breast cancer
should provide invaluable benefits, namely if we
consider that this compound is substantially de-
prived of side-effects.
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Tumor reversion, TCTP, Zebrafish embryo extracts,
Breast cancer, 5-Fluorouracil, Migrastatics.

Introduction

Some studies'? demonstrated that some low
molecular weight factors expressed by early em-
bryonic microenvironments remarkably mod-
ulate cancer behavior, by inducing apoptosis,
growth arrest and phenotypic reversion through
inhibition of the migrating/invasive phenotype
of highly malignant cancer cells. Namely, several
cancers have been shown to undergo partial or
complete reversion when exposed to embryonic
environments or treated with diffusible factors
extracted from oocytes or embryonic cells (re-
viewed in®). This process entails mitigation of
proliferation rate?, apoptosis enhancement’, as
well as partial or complete reversion of the ma-
lignant phenotype, achieved through selective de-
methylation processes that ultimately promote the
rewiring of the gene regulatory network and an
overall system’s change mediated by cytoskeleton
remodeling®®. Noticeably, embryo extracts show
the capability to induce a phenotypic “repro-
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gramming” through which cancer cells dismiss
their migrating/invasive character to revert to-
ward a native non-malignant phenotype, deprived
of significant metastatic potentiality. This process
would significantly entail a partial/total transition
from the mesenchymal toward an epithelial phe-
notype by enacting a reversion process that, as
previously shown by Telerman’s team’, requires
the downregulation of Translationally Controlled
Tumor Protein (TCTP), a key protein that govern
the “reprogramming” transition in cancer. We
have already shown that stage developmental
factors extracted from embryos of zebrafish can
efficiently arrest cancer proliferation and induce
apoptosis, both in vitro' and in vitro'". Moreover,
sublingual administration of zebrafish embryo
extracts showed to improve response to conven-
tional chemotherapy while reducing the incidence
of drug-resistance in a pilot study on human co-
lon cancer patients'?, while a significant clinical
improvement has been observed in patients with
advanced hepatocellular carcinoma resistant to
conventional chemotherapy and treated with ze-
brafish embryo extracts (SL)".

Therefore, we hypothesized that the associa-
tion of zebrafish embryo extracts to conventional
chemotherapy would significantly increase the
drug activity in promoting the reversal of the
pro-metastatic neoplastic phenotype into a less
malignant phenotype, especially by inhibiting
its migrating and invasive capabilities. Herewith,
we addressed such issues by investigating both
triple-negative breast cell line (MDA-MB-231),
and normal immortalized breast cell line (MC-
F10A) — committed toward a migrating inflam-
matory phenotype under Transforming growth
factor beta-1 (TGF-f1) stimulation — treated with
5-Fluorouracil (5-FU), SL or both compounds in
association.

Materials and Methods

Experimental Cell Model

The human Caucasian breast adenocarci-
noma cell line MDA-MB-231 (ECACC Cat#
92020424) was obtained from Sigma-Aldrich
(St. Louis, MO, USA), the non-tumorigenic ep-
ithelial cell line MCF-10A (ATCCCRL-10317)
was obtained from LGC Standards S.r.1, M1, Ita-
ly. Cells were seeded into 25 c¢cm? flasks (Falcon,
Becton Dickinson Labware, Franklin Lakes, NJ,
USA). MDA-MB-231 cells were grown in Dul-
becco’s Modified Eagle’s Medium (DMEM) sup-
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plemented with 10% fetal bovine serum (FBS)
and antibiotics (penicillin 100 [U/ml, streptomy-
cin 100 ug/mL, gentamycin 200 ug/mL; all from
Euroclone Ltd., Cramlington, UK); MCF-10A
were grown in Dulbecco’s Modified Eagle’s Me-
dium/nutrient mixture F12 Ham (Sigma-Aldrich,
Merck, Darmstadt, Germany) supplemented with
10% horse serum (Euroclone Ltd., Cramlington,
UK) and EGF 500 ug/5 mL (Santa Cruz Biotech-
nologies, Dallas, TX, USA), Hydrocortisone (50
microM), cholera toxin (0.5 mg/mL), insulin (10
mg/mL) (all from Sigma Chemical Co, USA) and
antibiotics (penicillin 100 IU/mL, streptomycin
100 pug/mL, gentamycin 200 ug/mL) all from
Euroclone Ltd., Cramlington, UK. The cells
were cultured at 37°C in an atmosphere of 5%
CO, in air. The medium was changed every third
day. At confluence, the cells were sub-cultured
after removal with 0.05% trypsin—0.01% EDTA.
In MDA-MB-231, 0.1 mg/mL 5-FU (Sigma-Al-
drich, St. Louis, MO, USA), 0.1 mg/mL 5-FU
+ 0.3 ug/mL SL and 0.3 ug/mL SL were added
in DMEM supplemented with 0.1% FBS. MCF-
10A cells were firstly treated with 10 nanog/mL
TGF-p1 (PeproTech catalog#100-21) for five days
and on fifth day 0.1 mg/mL 5-FU, 0.1 mg/mL
5-FU + 0.3 ug/mL SL and 0.3 pug/mL SL were
added in F12 Ham supplemented with 0.1% horse
serum.

Cell Migration Assay

The 2.5 x 10* cells non-stimulated (ctrl) and
stimulated 0.1 mg/ml 5-FU, 0.1 mg/ml 5-FU +
0.3 ug/ml SL and 0.3 ug/mL SL respectively,
were placed in 500 uL DMEM + 0.1% FBS
medium (DMEM F12 + 0.1% horse serum + 10
nanog/ml TGF-B1 in case of MCF-10A cells) in
the upper side of 8 mm filters (Falcon, BD Bio-
sciences, San Jose, CA, USA) (upper chamber)
and placed in wells of a 24-well plate (Falcon,
BD Biosciences, Franklin Lakes, NJ, USA)
(lower chamber), containing 0.8 ml of DMEM
+ 10% FBS medium (DMEM F12 + 10% horse
serum in case of MCF-10A cells). After 24 h
of incubation, the migratory cells on the lower
surface of membranes were fixed, stained with
Hemacolor® (HX54775574, Merck, Darmstadt,
Germany) and examined microscopically. Cel-
lular migration was determined by counting the
number of cells on membranes in at least 4-5
randomly selected fields using a Zeiss Axiovert
10 optical microscope. For each data point, four
independent experiments in duplicate were per-
formed.
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Cell Invasion Assay

The 2.5 x 10* cells non stimulated (CTRL) and
0.1 mg/mL 5-FU, 0.1 mg/mL 5-FU + 0.3 ug/mL
SL and 0.3 ug/mL SL as single agent respectively,
were placed in 500 ml DMEM + 0.1% FBS medi-
um (DMEM F12 + 0.1% horse serum + 10 nanog/
mL TGF-p1 in case of MCF-10A cells) in the upper
side of 8-mm filters (BD Bio-CoatTM growth fac-
tor reduced MATRIGEL™ invasion chamber (BD
Biosciences-Discovery Labware, Two Oak Park,
Bedford, MA, USA) (upper chamber) and placed
in wells of a 24-well plate (Falcon, BD Bioscienc-
es, USA) (lower chamber), containing 0.8 mL of
DMEM 10% FBS medium (DMEM F12 + 10%
horse serum in case of MCF-10A cells). After 24 h
of incubation, the invasive cells on the lower surface
of membranes were fixed, stained with Hemacolor®
(HX54775574, Merck, Darmstadt, Germany) and
examined microscopically. Cellular invasion was
determined by counting the number of cells on
membranes in at least 4—5 randomly selected fields
using a Zeiss Axiovert 10 optical microscope. For
each data point, four independent experiments in
duplicate were performed.

Wound Healing Assay

To evaluate the migratory phenotype of
treated or non-treated cells, we performed the
wound-healing assay using special double well
culture inserts (Ibidi GmbH, Martinsried, Ger-
many). Each insert was placed in 8-well m-slides
(Ibidi GmbH, Am Klopferspitz 19, D-82152 Mar-
tinsried, Germany) and 3.5 x 10*cells were placed
into both wells of each insert with 70 ml of com-
plete medium. When cells were confluent, the
culture inserts were gently removed, and cells
were fed with 10% FBS DMEM (CTRL), 0.1 mg/
mL 5-FU, 0.1 mg/mL 5-FU + 0.3 ug/mL SL and
0.3 ug/mL SL for 18 h.

Confocal Microscopy

To evaluate the migratory phenotype of treated
or non-treated cells, we perform the wound-heal-
ing assay using special double well culture in-
serts (Ibidi GmbH, Martinsried, Germany). Each
insert was placed in 8-well p-slides (Ibidi Gm-
bH, Am Klopferspitz 19, D-82152 Martinsried,
Germany) and 3.5 x 10* cells were placed into
both wells of each insert with 70 pl of complete
medium. When cells were confluent, the culture
inserts were gently removed, and cells were fed
with 10% FBS DMEM (CTRL), 0.1 mg/mL 5-FU,
0.1 mg/mL 5-FU + 0.3 ug/mL SL and 0.3 pg/mL
SL for 24 h.

Cells were fixed with 4% paraformaldehyde for
10 min at 4°C and washed twice for 10 min with
PBS. The cells were permeabilized for 30 min
using PBS, 3% BSA, 0.1% Triton X-100 followed
by anti-vinculin (7F9): sc-73614 (from Santa Cruz
Biotechnology, Santa Cruz, CA, USA) staining in
PBS, 3% BSA at 4°C overnight. The cells were
washed with PBS and incubated for 1 h at room
temperature with appropriate secondary antibody
FITC conjugated (Invitrogen Molecular Probes
Eugene, OR, USA).

For F-actin visualization, Rhodamine Phalloi-
din (Invitrogen Molecular Probes Eugene, OR,
USA 1:40 dilution) was used. The cells were then
washed in PBS and mounted in buffered glycerol
(0.1 M, pH 9.5). Finally, analysis was conducted
using a Leica confocal microscope TCS SP2
(Leica Microsystems Heidelberg GmbH, Mann-
heim, Germany) equipped with Ar/ArKr and He/
Ne lasers. Laser line were at 543 nm and 488
nm for TRITC and FITC excitation, respective-
ly. The images were scanned under a 40X oil
objective. To analyze the colocalization of actin
and vinculin, optical spatial z series composed
of about 8/10 optical section with a step size of 1
um were performed. Color channels were merged
and colocalization were analyzed with the Leica
confocal software.

Western Blots

Control and stimulated cells were washed twi-
ce with ice-cold PBS and scraped in RIPA lysis
buffer (Sigma Aldrich, St. Louis, MO, USA). A
mix of protease inhibitors (Complete-Mini Prote-
ase Inhibitor Cocktail Tablets, Roche, Mannheim,
Germany) and phosphatase inhibitors (PhosStop;
Roche, Mannheim, Germany) was added just be-
fore use. Cellular extracts were then centrifuged
at 8000 x g for 10 min. The Bradford assay was
used to determine protein contents. For western
blot analysis, cellular extracts were separated on
SDS-polyacrylamide gels and proteins were blot-
ted onto nitrocellulose membranes (BIO-RAD,
Bio-Rad Laboratories, Hercules, CA, USA). The
following antibodies were analyzed: anti-vimen-
tin (sc-6260 from Santa Cruz Biotechnology,
Santa Cruz, CA, USA), alpha-sma (ab5694 from
Abcam), anti-TPT1 (TCTP) (E-AB-31729) from
Elabscience. Antigens were detected with an
enhanced chemiluminescence kit (Western Bri-
ght ECL HRP Substrate, Advansta Inc., Menlo
Park, CA, USA), according to the manufacturer’s
instructions.
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Densitometry

All Western blot images were acquired and
analyzed through Imaging Fluor S densitome-
ter (Biorad-Hercules, CA, USA). Optical density
(OD) of each condition was normalized vs. the
signal of internal control GAPDH (anti-GAPDH
#2118 from Cell Signaling Technology, Danvers,
MA, USA).

Results

Zebrafish Embryo Extracts
Antagonizes Cancer Cell Invasiveness
and Migrating Capability

To ascertain to what extent zebrafish embryo
extracts (SL) can significantly reverse the mali-
gnant phenotype, we plan to investigate the inva-
sive and the migratory capability of the malignant
breast cancer cell line MDA-MB-231 and of the
immortalized normal breast cell line MCF10A,
the latter committed toward a pro-inflammatory,
invasive phenotype when stimulated by TGF-p1,
a cytokine able in promoting the epithelial-me-
senchymal transition (EMT)".

MCF10A Cells

The immortalized, normal breast cell line
MCF10A, at five days after the stimulation with
TGF-B1 10 nanog/ml, shows a dramatic increase
of invasiveness (up to eight-fold) and migrating
capability (up to three-fold), vs. control (Figure
1A-B). Both 5-FU and SL significantly inhibits
migration and invasiveness, albeit SL. seems to
exert a more pronounced effect. Noticeably, the
association 5-FU+SL leads to an additive result,
besides statistical meaning is consistent only for
invasiveness.

MDA-MB-231 Cells

Highly metastatic breast cancer cells exhibit
a marked invasive and migrating phenotype, as
estimated at 24 hours. Invasiveness is poorly
affected by 5-FU and SL when added indivi-
dually; however, a significant decrease (-45%) is
observed when both are simultaneously added to
breast cancer cells (Figure 2A). On the contrary,
cell motility is remarkably reduced by 5-FU and
SL (-30% and 50%, respectively), nonetheless the
association of both does not lead to any signifi-
cant additive effect (Figure 2B).
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Wound Healing Assay

These findings are mirrored by results obtai-
ned with the Wound Healing Assay. MCF10A
cells stimulated with TGF-B1 display a remar-
kable increase in the speed at which the open
area is replenished, leading to an almost comple-
te wound recovery after only 18 hours (Figure
3A). Noteworthy, while 5-FU only slows down
the reparative process, SL, and the association
5-Fu+SL dramatically inhibits the healing pro-
cess. Namely, the association 5-FU+SL even-
tually deepens the wound as the open area
increases significantly (+26%) when compared
to control value (Figure 3B). Unfortunately, such
findings are only partially confirmed when 5-FU
and SL are added to MDA-MB-231 cells. While
SL still display an appreciable, albeit margi-
nal inhibition upon the wound healing process,
neither 5-Fu nor the association 5-FU+SL seem
to exert a valuable effect on the repair process
(Figure 4A-B).

Overall, these data suggest that the associa-
tion of SL to conventional chemotherapy can
successfully hamper cancer invasiveness, while
the anticancer drug by itself is deprived of such
remarkable capability. Nonetheless, motility of
cancer cells is only marginally influenced by the
association involving 5-FU and SL.

Epithelial-Mesenchymal Transition

Our findings support the idea that embryo
factors, as those represented in the SL formula,
can be even more effective than conventional che-
motherapy in reversing prominent malignant fe-
atures like invasiveness and migratory behavior.
To ascertain if this effect could be traced back to
the epithelial-mesenchymal (EMT) features har-
bored by invasive cancer cells, we investigated if
the treatment with 5-FU and SL — as singularly
or in association — could hamper and eventually
revert the pivotal phenotypic traits associated
with EMT.

Cytoskeleton Remodeling

Changes in the migratory/invasive phenotype
are associated with recognizable cytoskeleton
rearrangement. Conversely, treatment aiming at
inhibiting the invasive/migrating phenotype are
likely to modify the cytoskeleton architecture. In-
deed, control MDA-MB-231 cells were found to
harbor a dense texture of stress fibers, with F-actin
filaments distributed all along the cytosol (Figure
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Figure 1. Effects of SFU, SFU+SL and SL on invasion (A) and migration (B) in MCF-10A cells. Transwell assays were
performed in MCF-10A cells untreated (ctrl) and pre-treated with TGF-B1 for 5 days. TGF-B1 stimulated MCF-10A cells were
then treated with SFU, SFU+SL and SL for 24 h. Values, expressed as fold increase of control value considered as 1, are means
of three independent experiments performed in duplicate, with SD represented by vertical bars. *p<0.05, **p<0.01 vs. ctrl;
#p<0.05; #p<0.01 vs. TGF-B1 by ANOVA followed by Bonferroni post-test. Images were obtained by optical microscopy, with
%100 magnification.

5A), a pattern that is usually associated with the In breast cancer cells treated with the association
migratory/invasive phenotype, and that can be- 5-FU+SL mixed results were found, with appre-
stow cells with the required capability to sustain ciable reduction in the density of stress fibers and
motility and invasion'®. Noticeably, 5-FU-treated recovery of a normal F-actin distribution (Figure
cells do not show appreciable changes in F-actin 5D). Moreover, SL-treated MDA-MB-231 cells
pattern of distribution, whereas stress fibers are almost completely lost pseudopodia and lamel-
clearly identifiable and strongly expressed (Figu- lipodia, two prominent structures required by
re 5B). On the contrary, SL-treated cells show a migrating/invasive cells, as evidenced in control

F-actin distribution predominantly concentrated and 5-Fu-treated MDA-MB-231 cells, in which
along the membrane border (Figure 5C), and an polarized lamellipodia with treadmilling filamen-
almost complete disappearance of stress fibers. ts, as well as filopodia were easily recognizable.
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Figure 2. Effects of 5SFU, SFU+SL and SL on invasion (A) and migration (B) in MDA-MB 231 cells. Transwell assay were
performed in MDA-MB 231 cells untreated (ctrl) and treated with SFU, SFU+SL and SL for 24 h. Values, expressed as
fold increase of control value considered as 1, are means of three independent experiments performed in duplicate, with SD
represented by vertical bars. *p< 0.05 vs. ctrl; @p<0.05; @@ p<0.01 vs. 5SFU+SL by ANOVA followed by Bonferroni post-test.
Images were obtained by optical microscopy, with x100 magnification.

Moreover, in MDA-MB-231 cells vinculin is mo- thereby suppressing cell migration. Noticeably,
stly internalized and significantly reduced at the both 5-FU and SL increase vinculin redistribu-
adhesion sites (Figure 5A). Vinculin stabilizes tion behind the cell membrane, with the most
focal adhesions, and negatively drives cell spre- remarkable effect recorded with the association

ading, lamellipodia formation and locomotion, 5-FU+SL (Figure 5D).
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Figure 3. Wound-healing assay in MCF-10A cells. (A) Representative phase-contrast images of wound-healing assay taken
18 h after insert removal. Images were obtained by optical microscopy, with x100 magnification (B) Quantitative analysis of
wound closure after 18 h from insert removal. Values, expressed as the mean percentage of residual open area compared with
the respective cell-free gap at TO, are means of three experiments performed in duplicate. *p<0.05 vs. ctrl; # p<0.05; # p<0.01
vs. TGF-B1 by ANOVA followed by Bonferroni post-test.
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Figure 4. Wound-healing assay in MDA-MB-231 cells. (A) Representative phase-contrast images of wound-healing assay
taken 18 h after insert removal. Images were obtained by optical microscopy, with x100 magnification (B) Quantitative analysis
of wound closure after 18 h from insert removal. Values, expressed as the mean percentage of residual open area compared
with the respective cell-free gap at TO, are means of three experiments performed in duplicate. ***p<0.001 vs. ctrl by ANOVA
followed by Bonferroni post-test.
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Figure 5. Distribution pattern of vinculin and F-actin in wound-healing assay performed on MDA cells cultured in control
condition (A) or exposed to SFU (B), SL (C), and SFU+SL (D). Confocal microscopy analysis of F-actin staining with
rhodamine-phalloidin (red signal) merged with anti-vinculin immunofluorescence (FITC/green signal) on MDA-MB-231 cells
subjected to wound healing assay, and cultured with or without SFU, SL, SFU+SL.
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Molecular Parameters: Zebrafish Embryo
Extracts Downregulate TCTP Expression
in MDA-MB-231 Cells

TCTP has emerged as a critical regulator of cell
fate determination. This protein regulates distinct
biological processes, many of whom converge to
a limited set of key events that participate in de-
termining tumor reversion, i.e., the process throu-
gh which cancerous cells recover a non-malignant
phenotype'®. Increased expression of TCTP has
been noticed in several cancer cells and, conver-
sely, TCTP silencing has been shown to promote
cancer de-differentiation/regression in some instan-
ces, including breast cancer’. Downregulation of
TCTP is also associated with reduced expression of
mesenchymal molecular markers, like a-SMA and
Vimentin, which play a critical role in sustaining
EMT™". In our model, a significant down-regu-
lation of TCTP was induced by SL treatment in
MDA-MB-231 cells; the association in between
5-FU and SL does not provide any additive benefit,
besides TCTP were still below the values measured
in control cells (Figure 6A), while in SFU-treated
cells only a slightly, not significant decrease in
TCTP levels was found. As expected, Vimentin was
significantly reduced (Figure 6B) by SL treatment,
whereas the combination of 5-FU+SL does not add
further efficacy. On the contrary, only SL-treated
cells showed an appreciable reduction in a-SMA
levels (Figure 6C). Overall, such findings suggest
that, upon treatment with SL alone or in association
with anticancer drugs, cytoskeleton changes and
reversion of the migrating/invasive phenotype are
followed by concomitant modulation of key mole-
cular factors — like TCTP — that play a pivotal role
in enacting tumor differentiation.

Discussion

In the present study, we report that extracts
obtained from fish embryonic tissues — a com-
plex formula comprising diffusible low-molecu-
lar weight factors extracted from zebrafish em-
bryos — can inhibit the invasive/migrating cell
phenotype, in both metastatic breast cancer cells
as well as in normal epithelial breast cells com-
mitted toward an inflammatory phenotype upon
TGF-B1 stimulation. Remarkably, in both circu-
mstances, SL greatly amplifies the inhibition of
migration capability triggered by the anticancer
drug 5-FU. The fact that such an effect is noticed
upon normal as well as in cancerous cells, sug-
gest that the critical target of SL is specifically
represented by the migrating/invasive phenotype.
Indeed, treatment with SL is associated with the
reversion of the EMT phenotype, as documented
by the contemporary downregulation of TCTP
and some EMT-related molecular effectors, like
0-SMA and Vimentin. However, it is worth no-
ting that while 5-FU does not significantly impair
cancer cells invasiveness, when SL was added
a significant reduction in cancer cell invasive
capability was observed. That finding suggest
that morphogenetic embryo factors can efficiently
enhance drug efficiency, namely by counteracting
the invasive phenotype that frequently can be ac-
cidentally triggered by conventional treatments®.

Downregulation of TCTP is a key event du-
ring tumor and EMT reversion, leading in both
cases to a loss of the invasive/migrating traits of
transformed cells. In turn, TCTP reduction en-
tails a complex cascade of structural and bioche-
mical events, including cytoskeleton remodeling,
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Figure 6. Effect of SFU, SFU+SL and SL on expression of TCTP (A) and a-SMA (B) and vimentin (C) in MDA-MB 231
cells. Columns represent densitometric quantification of optical density (OD) of specific protein signal normalized with the OD
values of GAPDH served as a loading control and they are expressed as fold increase of control value considered as 1. Each
column represents the mean value + SD of three independent experiments. *p<0.05; **p<0.01 vs. ctrl by ANOVA followed by
Bonferroni post-test. Representative western blot analysis relating to TCTP, a-SM A and vimentin expression in MDA-MB 231
cells untreated (ctrl) and treated with SFU, SFU+SL and SL for 24 h.
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pathways modulation and even reframing of the
gene regulatory network?'.

It is noticeably that, in parallel to TCTP inhibition,
EMT is chiefly antagonized through cytoskeleton
remodeling and re-establishment of the E-cadhe-
rin/B-catenin junctions. Those changes are key steps
in promoting the reversal of the epithelial-mesen-
chymal transition®. It is remarkable that SL triggers
additive effects when associated to chemotherapeutic
drugs, especially when we are looking at the in-
vasive properties of MDA-MB-231 cells. This is a
critical issue, as the emergence of neoplastic cellular
clusters displaying a pro-metastatic, highly invasive
phenotype during the first chemotherapy settings
represents a relevant threat and dramatically reduces
the chance of clinical response”. It is noteworthy
that the association of 5-FU+SL specifically incre-
ases the redistribution of vinculin at the membrane
border, thus enhancing cell adhesion and inhibition
of cell motility and invasiveness, as previously no-
ticed in other cell models?*. Indeed, an unwarranted
complication of chemotherapy-based treatments is
represented by the selection and promotion of se-
lected, more-resistant, and invasive cancer cells, that
ultimately compromise the effectiveness of therapy.
Indeed, chemotherapy can provide tumor cells with
enhanced disseminating properties, stem-cells fe-
atures and chemoresistance®. In this context EMT
represents the link between chemoresistance and
metastatic potential although this connection is more
complex than originally imagined and still need to be
thoroughly investigated?.

The availability of a compound able to amplify
5-FU activity while significantly hampering the
invasive phenotype of breast cancer® should provide
invaluable benefits, namely if we consider that — as
reported by previous clinical studies — this com-
pound is substantially deprived of side-effects”.
Noticeably, 5-FU exerts only minimal if any effects
on tumor reversion, especially when invasiveness
and migrating capability are considered. Instead,
the addition of SL to chemotherapy-treated cells,
enhances the reversion of the invasive phenotype.
This additive activity could be exploited in impro-
ving the clinical response to conventional drugs, as
previously reported in colon cancer patients treated
with chemotherapy and SL12.

Conclusions
Breast cells acquire a migrating/invasive phe-

notype upon inflammatory and/or cancerous
transformation. Herewith, we extend previous
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our studies?® on the anticancer effects displayed
by zebrafish embryo extract by showing that whi-
le 5-FU was unable in antagonizing the migrating
phenotype, the association with SL halves the
invasiveness of breast cancer. Moreover, a further
additive effect upon cell motility when the two
compounds are simultaneously administered was
observed. It is worth noting that such an effect
is noticed upon normal as well as in cancerous
cells, suggesting that the critical target of SL is
specifically represented by the migrating/invasive
phenotype. Overall, those changes are associated
with the reversion of the EMT phenotype, as do-
cumented by the contemporary downregulation
of TCTP and some EMT-related molecular ef-
fectors, like a-SMA and Vimentin. These results
disclose entirely new opportunities for better
fine-tuning chemotherapeutic protocols, while si-
gnificant increasing their efficiency in fostering
tumor reversion. Indeed, S may fall in the class
of “anti-migrastatics” drugs, which are neither
cytotoxic nor antiproliferative on their own, but
are directed towards inhibition of cancer cell mo-
tility?. This perspective deserves to be investiga-
ted thoroughly, and studies to address such issues
are currently ongoing in our laboratory.
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