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Abstract. Overexpression of anti-apoptotic proteins belonging
to the B cell lymphoma (Bcl)-2 family is observed in numerous
cancer types and has been postulated to promote cancer
cell survival and chemotherapy resistance. Bcl-extra large
(x/myeloid cell leukemia sequence (Mcl)-1 was demonstrated
to be expressed at relatively high levels in clinically aggressive
basal-like cancers and inhibiting Bcl-x; overexpression could
potentially provoke cell death. A molecule able to target
Bcl-x, /Mcl-1, JY-1-106, is herein under investigation. It is also
known that vitamin A-derived compounds exhibit antitumor
activity in a variety of in vitro experimental models, promoting
their effects via nuclear receptor isoforms including retinoic
acid receptors (RARs). Pre-clinical observation highlighted that
triple negative (estrogen receptor/progesterone receptor/human
epidermal growth factor receptor)-breast cancer cells displayed
resistance to retinoids due to the RARy high expression
profile. The present study used the triple-negative human
breast cancer cell line, MDA-MB-231, to analyze the effects
of the Bcl-x,/Mcl-1 synthetic inhibitor, JY-1-106, alone or
in combination with retinoids on cell viability. The results
revealed a synergistic effect in reducing cell viability primarily
by using JY-1-106 with the selective RARy antagonist SR11253,
which induces massive autophagy and necrosis. Furthermore,
the results highlighted that JY-1-106 alone is able to positively
influence the gene expression profile of p53 and RARa,
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providing a therapeutic advantage in human triple-negative
breast cancer treatment.

Introduction

The B-cell lymphoma/leukemia-2 (Bcl-2) family proteins
are central regulators of cell death having both anti- and
pro-apoptotic biochemical action. In humans, six anti-apop-
totic members of this family have been identified, Bcl-2,
Bcl-x,, Bcl-B, Bel-W, Bfl-1, and Mcl-1, further divided into
three groups on the basis of their Bcl-2 homology, in which
the BH3 domain explicate the main role in the anti-apoptotic
signaling (1).

Bcl-2 and the anti-apoptotic proteins Mcl-1 and Bcl-x, were
found to be co-expressed at relatively high levels in a substantial
proportion of heterogeneous breast tumors, including clini-
cally aggressive basal-like cancers (2-5). The anti-apoptotic
Bcl-2 proteins neutralize the cell-killing function of the
pro-apoptotic family members engaging their BH3 domains.
Therefore, small-molecule designed to target BH3 domain
such as the mimetic ABT-737, -263 and -199 showed thera-
peutic potential for treating cancer (6-8). Although, ABT-263
evidenced promising results for solid tumor such as small lung
cancer cells and other non-hematological malignancies, the
clinical trial was early stopped due to its severe side effect (7).
Finally, only ABT-199 was recently approved (April 2016) by
US-FDA as Venetoclax for the pharmacological treatment of
Chronic Lymphocytic Leukemia (8). Currently, the activity of
Bcl-2 family inhibitors is the subject of interest in an intense
area of research concerning therapeutic agents against cancer,
as demonstrated by the recent patent literature (9). Cancer, a
complex genetic disease resulting from mutation of oncogenes
or tumour suppressor genes, can be developed due to altera-
tion of signalling pathways; it has been well known to have
numerous links to programmed cell death (PCD). Despite the
remarkable progress in the classification of the different cell
death modes according to the morphological presentation,
signalling pathways and type of stimuli, cell death in vivo
often comprises a complex interplay between apoptosis,
necrosis/necroptosis, a novel form of caspase-independent
PCD, and autophagy (10). Apoptosis, necrosis/necroptosis and
autophagy can all occur independent of, or simultaneously
with, each other. In some situations, a specific stimulus evokes
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only one of the processes but in other situations, a combined
cell death phenotype is observed in response to the same
stimulus (10). In this view, it was found that Bcl-x, /Bcl-2 plays
an important role in autophagic process (11), thanks to its
binding with Beclin 1, an autophagy-related protein (12,13).
The interaction between Beclin 1 and Bcl-x,/Bcl-2 can be
inhibited by the small-molecule ABT-737 at low doses,
which stimulates autophagy without inducing apoptosis (14).
Furthermore, it was discovered that a novel Bcl-x; inhibitor,
736, induces autophagic cell death, but not apoptosis, in
in vitro cancer model, blocking the interaction between Bcl-x;
and Beclin-1 (15). The autophagic process promotes also
necrosis in apoptosis-deficient cells and although necrosis has
been considered a passive form of cell death, there is now the
evidence that, instead, it represents a different type of PCD,
orchestrated by autophagy, demonstrable only when apoptosis
is inhibited (16-18).

JY-1-106 is a mimetic of the BH3 a-helical ‘death domain’
of the pro-apoptotic Bcl-2 proteins (19). In many cancer types,
excess Bcl-x; and Mcl-1 bind to the BH3 domain inactivating
the function of pro-apoptotic Bcl-2 proteins which promotes
cell survival (20,21). JY-1-106, based on a trisarylamide
framework, inhibits Bcl-x; and Mcl-1 by binding the hydro-
phobic groove on the surfaces of those proteins which in turn
sequesters the anti-apoptotic proteins through binding their
hydrophobic groove that would normally bind BH3 domains.
In this manner, JY-1-106 promotes apoptosis by disrupting the
interaction of Bcl-x; and Mcl-1 with the pro-apoptotic protein
Bcl-2 homologous antagonist/killer-1 (Bak-1) in multiple
cancer cell lines, sensitizes tumor cells to conventional chemo-
therapeutic agents and inhibits tumor growth in a xeno-graft
model of lung cancer (19).

Retinoids are molecules derivative by metabolism of
vitamin A. One of its natural isoforms, the all-trans Retinoic
acid (RA), s able to evocate autophagy and apoptosis depending
on the doses administered (22). RA differentiation properties
stimulates synthetic chemical approaches for several other
compounds, which explicates their biochemical effects through
two types of nuclear receptors, retinoic acid receptors (RARs)
and retinoid X receptors (RXRs), consisting of a, 3, and vy
isoforms (23). Targeting this latter class of receptor, RXRs,
with combined treatment with PPARYy agonist, we were able to
induce cell death in breast cancer models with different estrogen
receptors (ERs) profile and p53 expression and functioning.
Therefore, combination therapies could represent a strategy for
lowering single drug dose (24,25). Pre-clinical observations
indicate that, beside triple negative profile, breast cancer cell
display also resistance to retinoids due to the high expression
of RARY (26,27). Herein we tested the effect of JY-1-106
Bcl-x; /Mcl-1 inhibitor in combination with a RARY selective
retinoid SR11253, highlighting massive autophagy and necrosis
but not apoptosis in triple-negative breast cancer (TNBC) cells
MDA-MB-231, the most aggressive breast cancer subtype used
as a basal-like tumor cell model.

Materials and methods
Chemicals. JY-1-106 was synthesized by Dr. S.

Fletcher’s lab (University of Maryland, MD, USA),
all-trans-retinoic acid (RA), Am580, 4-[(5,6,7,8-Tetrahydro-
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5,5,8,8-tetramethyl-2-naphthalenyl) carboxamido] benzoic acid
and SR11253 (or MM11253), 6-[2-(5,6,7,8-Tetrahydro-5,5,8,8-
tetramethyl-2-naphthalenyl)-1,3-dithiolan-2-yl] 2-naphthale-
necarboxylic acid were purchased by Sigma-Aldrich; Merck
KGaA (Darmstadt, Germany) and Tocris Bioscience (Bristol,
UK).

Cell culture and MTT proliferation assay. The human epithe-
lial breast carcinoma MDA-MB-231 cells were purchased
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). Cells were cultured in Dulbecco's
modified Eagle's medium (DMEM) (Corning Incorporated,
Corning, NY, USA) supplemented with 10% fetal bovine
serum (FBS) (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) and maintained in a humidified 5% CO,
incubator at 37°C as recommended by ATCC. Cell viability
was determined by measuring the reduction of 3-(4,5-dimeth-
ylthiasol-2-yl)-2,4,-diphenyltetrazolium bromide (MTT) by
mitochondrial succinate dehydrogenase. Briefly, cells were
incubated with various concentrations of JY-1-106 (2-20 uM)
alone or with DMSO (as a vehicle) at different time point in
96-well plates. Cells were treated with SR11253 200 nM,
Am580 200 nM and RA 1 M individually or together with
JY-1-106 (16 uM) for 96 h. The optical density (OD) was
calculated as the difference between the absorbance at the
reference wavelength (620 nm) and the absorbance at the test
wavelength (570 nm). Percent viability was calculated as (OD
of drug treated sample/OD of control) x100.

DAPI and MDC staining. Changing in morphology for nuclei
swelling or autophagic vacuoles formation were assessed by
4,6-diamidino-2-phenylindole (DAPI) or monodansylcadave
rine (MDC) staining. MDA-MB-231 were grown on covers lip
in 24-well plates and treated with 16 xM JY-1-106 and 200 nM
SR11253 alone or in combination at different time points.
Cells were fixed with 4% paraformaldehyde (Thermo Fisher
Scientific, Inc.) and imaged using by a fluorescent microscope.
At least five visual fields were analyzed under fluorescence
microscope for each sample.

Lactate dehydrogenase (LDH) assay. LDH activity from the
cytosol was quantified spectrophotometrically as an index of
plasma membrane injury and cytotoxicity. Cell-free culture
supernatants of MDA-MB-231 cells were collected after 48,72,
or 96 h incubation with 16 yuM JY-1-106 and 200 nM SR11253
individually or in combination and analyzed by Cytotoxicity
Detection Kit"™™ (LDH) (Roche Applied Science, Penzberg,
Germany) according to the manufacturer's instructions. The
absorbance was measured with a microtiter plate reader at a test
wavelength of 492 nm, and a reference wavelength of 690 nm.

Quantitative real-time RT-PCR. Expression levels of target
genes were determined by real-time RT-PCR. Cells were
grown in 10 cm dishes to 70-80% confluence, and exposed
to 16 uM JY-1-106 and 200 nM SR11253 individually or
together for 96 h incubation. Total RNA was isolated and
purified by spin protocol using the RNeasy Mini kit (Qiagen
China Co., Ltd., Shanghai, China) and QIAshredder (Qiagen
China Co., Ltd.) according to the manufacturer's instructions.
Two micrograms of total RNA were reverse-transcribed using
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Figure 1. The Bcl-x;/Mcl-1 inhibitor JY-1-106 affects human breast cancer MDA-MB-231 cell viability. MDA-MB-231 cells were treated with JY-1-106 at
different concentrations (2-20 M) and analyzed by MTT assay as described in Materials and methods. Statistical differences were determined by one-way
ANOVA followed by Dunnett's Multiple Comparison Test (n=4) (A) 24 h "P<0.05 vs. control. (B) 48 h "P<0.05 vs. control, “P<0.01 vs. control. (C) 72 h

“P<0.0001 vs. control. (D) Dose response curve at 72 h, EC5,=3.6 uM.

components of a High Capacity cDNA Reverse Transcription
kit (Thermo Fisher Scientific, Inc.). Following reverse tran-
scription, quantitative PCR amplification was performed on an
StepOnePlus™ System (Thermo Fisher Scientific, Inc.) using
TagMan Universal PCR Master Mix (Thermo Fisher Scientific,
Inc.). For each target gene, RARa, RARY, p53 and B-actin (as
endogenous control), a validated predesigned TagMan® Gene
Expression Assays (Thermo Fisher Scientific, Inc.) was used.

Relative gene expression levels were normalized to the
basal, untreated sample chosen as calibrator. Final results are
expressed as folds of difference in gene expression relative to
B-actin mRNA and calibrator, calculated following the ACq
method, as follows:

Relative expression (folds)=2"(Casample-ACqcalibrator)

where ACt values of the sample and calibrator were deter-
mined by subtracting the average Ct value of the $-actin mRNA
reference gene from the average Ct value of the analyzed gene.

Statistical analysis. Results were expressed as mean =+ SD from
four independent experiments. Statistical differences were
determined by one-way analysis of variance (ANOVA) followed
by Dunnet's method. P<0.05 (), P<0.01 () and P<0.001 (")
were considered to indicate a statistically significant difference.

Results

The Bcl-x,/Mcl-1 inhibitor JY-1-106 affects cell viability in
MDA-MB-231 cells. Cytotoxic effect of JY-1-106 Bcl-x, /Mcl-1

inhibitor on MDA-MB-231 cells was tested in a range from
2 to 20 uM for 24 (A), 48 (B), or 72 h (C). Cell viability was
quantified by MTT assay. As shown in Fig. 1, a dose and
time-dependent reduction of vitality. Cell survival declined
drastically from 48 to 72 h as highlighted in Fig. 1B and C.
EC,, of 3.6 uM was calculated at 72 h as shown in Fig. 1D.

RARYy antagonist in combination with Bcl-x,/Mcl-1 inhib-
itor JY-1-106 reduces cell viability inducing autophagy
and necrosis in MDA-MB-231 cells. First, we tested the
effects of RA 1 uM, Am580 (a RARa agonist) 200 nM
and SR11253 (a RARy antagonist) 200 nM alone and then
together with JY-1-106 (16 uM) on MDA-MB-231 for 96 h
as shown in Fig. 2A. RA or Am580 alone did not alter the
MDA-MB-231cell growth while SR11253 decreased cell
vitality by 42%. Combined doses of JY-1-106 at 16 uM
with SR11253 200 nM show a greater effect on reducing
cells viability. From this, MDA-MB-231 were treated with
JY-1-106 at 16 uM together with SR11253 at 200 nM for 72
and 96 h of incubation. DAPI staining analysis did not show
any chromatin condensation displaying, instead gross abnor-
malities in nuclear morphology (increased size and irregular
shape) as it shown in Fig. 2B (a-d, blue staining). To better
understand the mechanisms involved in TNBC cell death,
we stained MDA-MB-231 cells with MDC, visualizing
autophagosome (autophagic vacuoles) development as shown
in Fig. 2B (e-h, green staining) with massive formation at 72
and 96 h incubation. Lactate dehydrogenase (LDH) activity
in the culture media was measured as an index of plasma
membrane damage, as well as a necrotic marker. Damaged
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Figure 2. Effect of combined Bcl-x; /Mcl-linhibitor JY-1-106 and RARs agonist/antagonist on cell viability, autophagy and necrosis induction in human breast
cancer cells. (A) MDA-MB-231 cells were treated with JY-1-106 16 M alone or in combination with Am580 200 nM, SR11253 200 nM or RA 1 M after
96 h incubation and analyzed by MTT assay. MDA-MB-231 cells were treated with JY-1-106 (16 xM) and SR11253 (200 nM) at 72 and 96 h ““P<0.0001 vs.
DMSO, ‘P<0.05 as shown in the figure. (B) The visualization of the nuclear swelling and the autophagic vacuoles was assessed by DAPI staining (a-d, blue)
and MDC staining (e-h, green) respectively at 72 and 96 h. Cells were treated as follow: a/e) DMSO as vehicle, b/f) SR11253 200 nM, c¢/g) JY-1-106 16 uM, d/h)
JY-1-106 + SR11253. The scale bar represents 100 gm. (C) LDH release was assess at 48, 72 and 96 h under the same condition. Statistical differences were
determined by one-way ANOVA followed by Dunnett's Multiple Comparison Test (n=4) ““P<0.0001 and “P<0.01 as shown in the figure.

A 2.5+ RAR B 204 RARy
2.0 Pt L] S
- 1.5
s ) = — L
3 3 1.0
& 10+ — &
0.54 0.54
0.0- 0.0-
DMSO + - DMSO + -
JY-1-106 16 uM - + - + JY-1-106 16 uM - + = +
SR11253 200 nM + + SR11253 200 nM + +
C 20 RARc/RARY ratio D e P53
~ 15 3 4 —
= . =
g 1.0 % 2 I~
5 o
< 05 14 |;|
0.0 0 T
DMSO + - - - DMSO + - - -
JY-1-106 16 uM - + - + JY-1-106 16 uM + +
SR11253 200 nM - - + SR11253 200 "M +

Figure 3. Gene expression in MDA-MB-231 cells. MDA-MB-231 cells were treated with 16 M JY-1-106 alone or in combination with 200 nM SR11253
after 96 h incubation. The gene expression was performed as described in Materials and methods. (A) RARa gene expression profile ““P<0.0001 vs. DMSO.
(B) RARY gene expression profile showing not statistical significant differences. (C) RARo/RARYy ratio ““P<0.001 vs. DMSO, “P<0.05 vs. DMSO and (D) p53
gene expression profile ““P<0.0001 vs. DMSO. Statistical differences were determined by one-way ANOVA followed by Dunnett's Multiple Comparison Test
(n=4).

cells after 72 and 96 h with JY-1-106 alone or in combina-
tion with SR11253 increased LDH activity compared to
control (Fig. 2C).

Gene expression analysis of RARa, RARy and p53 under
JY-1-106 and SR11253 on MDA-MB-231. Gene expression
analysis with combined treatment JY-1-106 and SR11253

was conducted in the TNBC cells MDA-MB-231. As shown
in Fig. 3A RARa, but not RARy (Fig. 3B), was enhanced
already by JY-1-106 at 16 M individually. The combination
of it with SR11253 at 200 nM did not enhanced this expres-
sion (Fig. 3A and B). The RAR0/RARY ratio calculated was
therefore in favor of RARa, (Fig. 3C) suggesting an increased
susceptibility to the cell death. Therefore, P-53 was strongly
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up-regulated as well using JY-1-106 (16 xM) alone or together
with SR11253 (200 nM) at the same time point (Fig. 3D).

Discussion

The heterogeneity of breast cancer classified them in base
of a specific biochemical markers profile based on estrogen
receptors (ER), progesterone receptors (PR) as well as human
epidermal growth factor receptor 2 (HER?2) expression to address
pharmacological intervention. The TNBC did not express any of
these receptors (ER-/PR-/HER2-) therefore, is the most aggres-
sive breast cancer type (28). Clinical/Pharmacological protocols
for TNBC are limited to surgery, radiation, and systemic chemo-
therapy due to the lack of more specific therapeutic targets (28).
TNBC cells line represent an important tool for screening and
searching better treatment for this type of cancer (27). Recently,
the suppression of Mcl-1 expression by microRNA-101 was
able to inhibits cell progression in TNBC (29). Significantly,
almost the 70% of breast cancers overexpress anti-apoptotic
Bcl-2 family members evidencing how inhibition of specific
targets belong to this family could represent an attractive way
for breast cancer treatment (30). Therefore, Mcl-1 represent
an interesting target for TNBC treatment. In this study, we
tested the JY-1-106 a Bcl-x,/Mcl-1 inhibitor (c-helix mimetic
for BH3 domain) in MDA-MB-231 TNBC cells line. Although
preliminary studies, our results show that this compound,
in combination with SR11253, has the capability to strongly
reduce MDA-MB-231 cell viability, stimulating autophagy
and necrosis. Autophagosome is evidenced by MDC staining
(Fig. 2B, green staining) and, as consequence, the inducing cell
death by necrosis by DAPI staining and LDH release (Fig. 2B,
blue staining and C). The existence of a 'programmed necrosis'
seems to be conditional only to apoptosis inhibition (18,31,32).
It is worth to note that a novel form of PCD, named necroptosis,
was recently discovered, although the molecular mechanisms
of this process need to be further elucidated. Necroptosis is
characterized by necrotic cell death morphology and activation
of autophagy related to inflammatory response (10).

Here we found that JY-1-106-treated cells did not show any
features of apoptosis, since DAPI staining do not highlighted
chromatin condensation, indicative of apoptotic bodies' forma-
tion (Fig. 2B, blue staining). Instead, in the cellular model
used, we observed vacuoles formation after 48 h incubation
upon JY-1-106, with a maximum between 72 and 96 h (data
not shown). The combination with RARy SR11253 inhibitor
massively amplified this process (Fig. 2B, green staining). To
confirm the hypothesis that autophagy promotes necroptosis
in apoptosis-deficient cells (18) we evidenced an increase in
lactate dehydrogenase LDH release from damaged cells. LDH
activity was enhanced after 96 h for both compounds, alone
and or in combination (Fig. 2C) the result, corroborates the
DAPI staining that show nuclear swelling (indicate by white
arrow) but not chromatin condensation (Fig. 2B, blue staining).

In the complexity of the biochemical mechanisms
governing TNBC cells, the negative modulation of RARa in
favor to RARYy shown cell proliferation, cancer survival and
tumor growth in MMTV-Myc onco-mice (26). Experimental
evidence established that the resistance to vitamin-A deriva-
tives of the ER-negative breast cancer cells has been linked to
a down-regulation of RARa levels (26,33). In MDA-MB-231
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cells, it was reported a very low expression of RARa while
RARYy is strongly overexpressed (27). The activation of the
RARa pathway is related to tumor growth inhibition, differen-
tiation and cell death, whereas RARy was functionally linked
to the promotion of tumor growth. The pharmacologic activa-
tion of RARa or inhibition of RARY activity reduces cancer
cell growth and the enhancing of the RARa/RARYy ratio is
favorable to cell death (33). In this context, the pharmacologic
inhibition of RARYy controlled by SR11253 reduces cancer
cell growth, enhancing the RARa/RARY ratio, favorable to
cell death (26). RARy antagonist SR11253 alone inhibited the
proliferation of MDA-MB-231 cells which was not further
inhibited by RA or the RARa agonist Am580 individually,
as was expected due to the low expression of RARa. It is
notable that both compounds, alone or in combination, had
no effect on the modulation of RARy (Fig. 3B). JY-1-106 by
itself induced expression of RARa (Fig. 3A) with a favorable
ratio of RARa/RARYy which helps cell death (Fig. 3C). In
HLO60 cells, a model of pro-mielocitic leukemia hematologic
malignant, we demonstrated that RARa expression was unaf-
fected by JY-1-106 and only RARy was downregulated with
the combined treatment (34). The results obtained here and
the others in HL60 leukemia cells indicate that the impact of
JY-1-106 and retinoid receptor compounds is dependent upon
cell type and exist a cross talk between Bcl-x;/Mcl-1 activity
and RARs expression profile, since the BH3 mimetic is able to
modulate RARs. In any case, the finality of this cross talking
is to induce cell death following either apoptosis (in leukemia)
or authophagy/necrosis (in TNBC). The p53 protein is a critical
transcriptional activator promoting apoptosis, autophagy
and therefore necrosis (35,36). Whereas the functions of p53
in promoting apoptosis and autophagy are well established,
recently it was also identified to have a role in activating
necrosis. Vaseva et al (36) show that p53 stimulates necrotic
cell death in tumor cells genetically deficient to undergo apop-
tosis triggering mitochondrial permeability transition pore. In
MDA-MB-231 cells, the p53 harbor a tumor-derived mutation
(Arg280 to Lys280) in the DNA Binding Domain which still
maintain the positive charge to interact with the phosphate
backbone of the DNA consensus sequence (37,38). In our set
of experiments we have shown a strong upregulation of the p53
mRNA using the Bcl-xL inhibitor with no additional effect
of the RARYy antagonist after 96 h incubation. These findings
suggest p53 involvement during the autophagic/necrotic by
JY-1-106 (Fig. 3D) highlighting that the action of this molecule
on p53 is independent by the co-treatment. Therefore, JY-1-106
assume an interesting profile for preclinical TNBC treatment,
considering that also promote R ARa expression without altering
RARY (39). Therapy-induced autophagy and necrosis in cancer
treatments has been investigated and may be therapeutically
useful since they are in early phase clinical trials (40). It worth
to note that, last year the molecule ABT-199 was approved
by US-FDA as Venetoclax (April 2016). Venetoclax repre-
sents the first pharmacological agent today in therapy, which
targets specifically Bcl-2 pathway, for the treatment of Chronic
Lymphocytic Leukemia, in patients harboring specific genetic
characteristic (8). Our results showed a synergistic effect in
reducing cell viability and inducing autophagy and necrosis by
the combination of the Bcl-x, /Mcl-1 inhibitor JY-1-106 with a
specific RARy antagonist. The combined treatment seems to
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be an attractive strategy for controlling cancer progression in
basal-like tumor cell model.
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