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Abstract
Background: Histone deacetylase (HDAC) is closely related to the occurrence and development of breast
cancer (BC). Its inhibitor (HDACi) has been used to treat BC, while the e�cacy of clinical trials was not
reached expectations. HDACi combined with other drugs may be an effective strategy. This study
explored the effect of HDACitucidinostat combined with selinexor, anexportin 1 (XPO1) inhibitor, on BC
cellsin vitro.

Methods: BC cell lines of MCF-7 (wt-TP53), MDA-MB-175 (wt-TP53), MDA-MB-134 (mut-TP53), T47D
(mut-TP53) were cultured. The IC50 values of tucidinostat and selinexor on BC cells were calculated. The
effects of tucidinostat and selinexor on proliferation, invasion and apoptosis of BC cells were observed
accordingly. Western blotting was used to detect the protein expressions of p53, p21, Cyclin D1, Bcl-2 and
Bax.

Results:Compared with mut-TP53 BC, both tucidinostat and selinexor showed better inhibitory
activitiesonwt-TP53 BC including MCF-7 and MDA-MB-175. Tucidinostat combined with selinexor
signi�cantly improved the effects of tucidinostat alone on the proliferation and invasion inhibitions and
apoptosis promotionsof MCF-7 and MDA-MB-175 cells in vitro. It also signi�cantly enhanced the effects
of tucidinostat on up-regulating the expression levels of acetyl-p53, nuclear p53, total p53, p21 and Bax,
and down-regulating the expression levels of Cyclin D1 and Bcl-2 in MCF-7 or MDA-MB-175 cells.

Conclusion: Taken together, we believe that tucidinostat and selinexor are potentially effective drug
combinations for the treatment of wt-TP53 BC, and the molecular mechanism may be throughenhancing
the activity of p53 in the nucleus of BC cells to suppress proliferation and invasion and promote
apoptosis of BC cells. 

Background
According to reports, one in every 20 women in the world suffers from breast cancer (BC), and nearly 1%
of BC patients in male tumor cases [1, 2]. BC is clinically classi�ed into Luminal A, Luminal B, HER2
overexpression and triple-negative types according to the expression of estrogen receptor (ER),
progesterone receptor (PR), human epidermal receptor 2 (HER2), which determines the corresponding
treatment methods [3]. The pathogenesis of BC is not yet fully understood. Studies have shown that
epigenetic modi�cations including DNA methylation, histone modi�cations, and non-coding RNA play
important roles in the development of BC. Clinical diagnosis, prognostic evaluation and treatment
methods based on epigenetic changes in BC have also been received extensive attentions and researches
[4].

Histone acetylation modi�cation is involved in regulating the expressions of tumor suppressor genes and
oncogenes in BC, relating to apoptosis, metastasis, and growth of cancer cells [5]. Since acetylation is
reversible, maintaining the balance of acetylation modi�cation has become a strategy for the treatment
of BC. Histone deacetylase (HDAC) is closely related to the occurrence and development of BC, and its
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inhibitors have been used to treat BC. However, monotherapy with HADC inhibitors (HDACi) did not show
the expected therapeutic effects [4, 6]. The combined use of cytotoxic chemotherapeutic agents or
targeted drugs has been shown to improve the clinical outcomes of HDACi in the treatment of BC [7, 8]. In
the preliminary experiments, we found that the exportin 1 (XPO1) inhibitor selinexor could obviously
improve the effect of type I HDACi tucidinostat on proliferation inhibition of TP53 wild-type (wt-TP53) BC
cells. In this study, we reported the therapeutic effects of selinexor combined with tucidinostat on BC in
vitro and further explored the possible molecular regulation mechanism.

Materials And Methods

Reagents
Tucidinostat (dissolved in DMSO as 50mg/ml) and selinexor (dissolved in DMSO as 50mg/ml) were
obtained commercially from Selleckchem (Houston, TX, USA). Annexin V-FITC apoptosis detection kit
was obtained from eBioscience (San Diego, CA, USA). The antibodies of HDAC1, HDAC 2, HDAC3, XPO1,
acetyl-p53, p53, p21, Cyclin D1, B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X (Bax) and GAPDH were
purchased from abcam (Cambridge, UK).

Cell Culture
Human normal mammary epithelial cell line MCF 10A, human BC cell lines of MCF-7, MDA-MB-175, and
T47D were all purchased from Procell (Wuhan, CHN). The human BC cell line of MDA-MB-134 was
purchased from Fuheng Biology (Shanghai, CHN). The cells of MCF 10A and MCF-7 were grown in the
speci�c medium provide by Procell at 37 oC with 5% CO2 (v/v). The cells of MDA-MB-175 were grown in

Leibovitz's L-15 with 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin at 37 oC with air (v/v).
The cells of MDA-MB-134 were grown in Leibovitz's L-15 with 20% fetal bovine serum (FBS) and 1%
penicillin-streptomycin at 37 oC with air (v/v). Medium was replaced two to three days and the cells were
passaged when the cell adherence area reached 80% of the culture dish.

Mtt Assay
The BC cells were treated with different concentrations of tucidinostat (0, 2.5, 5, 10, 20 and 40 µM) and/or
Selinexor (0, 12.5, 2.5, 5, 10 and 20 µM) in medium. The cells viability was detected by 3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTT; Promega, WI,
USA). Brie�y, after 72 h treatment in 96-well plates, the cells were incubated with 20 µl MTT (5 mg/ml) in
100 µl cell culture medium for 4 h at 37 oC, then the absorbance of each well was measured at a
wavelength of 490 nm.

Cell Count
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The cells of MCF-7 and MDA-MB-175 were transfected with luciferase of mCherry to enable them to be
read and photographed by Celigo (Nexcelom, Lawrence, MA, USA). The software of Celigo was used to
count the number of cells, and a cell growth curve was drawn after 5 days of continuous observation.

Cell Invasion Assay
Brie�y, 1×105 cells were plated in the upper chamber of transwell chamber (Millipore
Corporation,Billerica MA USA) which was coated with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA)
cultured with medium without FBS, while 0.5 ml DMEM containing 10% FBS was added to the lower
chamber. After culturing at 37oC for 24h, the cells in lower chamber were washed with PBS and �xed with
4% paraformaldehyde for 20 min. Then cells were stained with 0.25% crystal violet (Macklin Inc.
Shanghai, China), which was dissolved in 20% methanol, for 20–45 min, and washed again with PBS for
twice. Light microscope was used to observe and counted for 10 random �elds per well. Cell counts are
expressed as the mean number of cells per �eld of view.

Apoptosis Assay
Single-cell suspension was obtained after trypsin-EDTA incubating 10 min. The cells were washed with
chilled D-Hanks (pH = 7.2 ~ 7.4), and incubated in Annexin-V binding buffer for 15 min at room
temperature, which containing Annexin-V- FITC. Flow cytometry (Becton Dickinsonm, USA) was used to
quantify the �uorescence of Annexin-V-FITC with a minimum of 10,000 cells counted for each group.

Western Blotting
Protein extraction reagents (Solarbio, Beijing, CHN) were used to extract total protein and nuclear protein
respectively according to the instructions provided by the manufacturer, then electrophoresed on 10%
SDS-PAGE gel and transferred to PVDF membranes. 10% non-fat milk was used to block the PVDF
membranes for 60 min and then incubated with primary detection antibodies at 4 oC for a night. After
washing by TBST, the membranes were incubated with HRP-conjugated secondary antibodies, detected
by enhanced chemiluminescence (ECL, Thermo Fisher Scienti�c, Waltham, MA, USA) and quanti�ed with
the Image J v2.1.4.7 software (National Institutes of Health, Bethesda, MD, USA).

Statistical analysis
Data was presented as means ± S.E.M and analysed by SPSS version 20.0 (IBM Corp., Armonk, NY, USA)
for variance homogeneity test and one-way analysis of variance. P < 0.05 was considered to indicate a
statistically signi�cant difference. Calcusyn software (Biosoft, Ferguson, MO and Cambridge, UK) was
used to calculate the combination index (CI) of drug combination according to Chou-Talalay method [9],
which quantitatively established additivity (CI = 0.9–1.1), synergy (CI < 0.9) and antagonism (CI > 1.1) [10],
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and the resulting values were utilized in the construction of a plot of CI values over a range of affected
fractions (Fa-CI plot).

Results

HDAC1, 2, 3 and XPO1 highly express in BC cells
Western blotting was used to detect the protein expressions of HDAC1, 2, 3, the target protein of
tucidinostat, and XPO1, the target protein of selinexor, in human normal breast cells MCF 10A and BC
cells MCF-7, MDA-MB-175, MDA-MB-134, T47D. As shown in Fig. 1, compared with MCF 10A, the protein
expressions of HDAC1, 2, 3 and XPO1 in MCF-7, MDA-MB-175, MDA-MB-134, and T47D cells were
signi�cantly up-regulated (p < 0.05).

Effects of tucidinostat and selinexor on the BC cells viability

The MTT assay was used to detect the cells viability of MCF-7, MDA-MB-175, MDA-MB-134, and T47D at
different concentrations of tucidinostat and selinexor, and the corresponding half maximal inhibitory
concentration (IC50) values were calculated and showed in Fig. 2. The IC50 values of tucidinostat on MCF-
7, MDA-MB-175, MDA-MB-134, and T47D were 13.6, 9.2, 24.4 and 19.3 µM, respectively. The IC50 values
of selinexor on MCF- 7, MDA-MB-175, MDA-MB-134 and T47D were 2.6, 6.8, 9.7 and 12.0 µM, respectively.
It can be seen that the IC50 values of tucidinosta or selinexor on MCF-7 and MDA-MB-175 cells were lower
than those on MDA-MB-134 and T47D cells, suggesting that the cytotoxic effects of tucidinosta and
selinexor on MCF-7 and MDA-MB-175 cells were better than those on MDA-MB-134 and T47D cells. In
addition, selinexor obviously had lower IC50 values for all types of BC cells compared with tucidinostat.

The MTT assay was also used to observe the effect of combined intervention of tucidinostat and
selinexor on the cells viability of MCF-7, MDA-MB-175, MDA-MB-134, and T47D. As shown in Fig. 3, for
MCF-7 and MDA-MB-175 cells, the inhibitory effects of tucidinostat combined with selinexor on cells
viability were signi�cantly better than that of tucidinostat or selinexor alone (p < 0.05). Their
corresponding CI plot analysis showed synergistically inhibition at the majority of concentrations.
However, for MDA-MB-134 and T47D cells, the inhibitory effects of tucidinostat combined with selinexor
on cells viability did not show better than that of single-agent intervention signi�cantly (p > 0.05). Their
corresponding CI plot analysis also showed additively inhibition at the majority of concentrations. The
combined drug treatment of 20 µM tucidinostat and 10 µM Selinexor, which combination has lowest CI
values, marked a transition from drug concentrations that prevented the growth of MCF-7 and MDA-MB-
175 only to a concentration that effectively prevented the growth of cancer cells. Therefore, we studied
the combined administration of this corresponding concentration later.

Effects of tucidinostat combined with selinexor on the proliferations of wt-TP53 BC cells

To observe the effects of continuous intervention of tucidinostat combined with selinexor for 5 days on
the proliferations of wt-TP53 BC cells. As shown in Fig. 4, tucidinostat or selinexor alone could
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signi�cantly inhibit the number of MCF-7 and MDA-MB-175 cells after 5 days of intervention (p < 0.05 vs.
Control). Among them, the inhibitory effects of selinexor on the proliferations of MCF-7 and MDA-MB-175
cells was signi�cantly better than that of tucidinostat (p < 0.05 vs. Tucidinostat). The intervention of
tucidinostat combined with selinexor could signi�cantly enhance the proliferation inhibitory effects on
MCF-7 and MDA-MB-175 cells (p < 0.05 vs. Selinexor).

Effects of tucidinostat combined with selinexor on the invasion of wt-TP53 BC cells

Transwell was used to observe the effects of tucidinostat combined with selinexor on the invasion of
MCF-7 and MDA-MB-175 cells after 24 h intervention. As shown in Fig. 5, tucidinostat or selinexor alone
could signi�cantly inhibit the invasion of MCF-7 and MDA-MB-175 cells after 24 h interventions (p < 0.05
vs. Control). Among them, the inhibitory effects of selinexor on the invasion of MCF-7 and MDA-MB-175
cells were signi�cantly better than that of tucidinostat (p < 0.05 vs. Tucidinostat). The combination of
selinexor could signi�cantly enhance the cell invasion inhibitory effects of tucidinostat on MCF-7 and
MDA-MB-175 cells (p < 0.05).

Effects of tucidinostat combined with selinexor on the apoptosis of wt-TP53 BC cells

Flow cytometry was used to observe the effects of tucidinostat combined with selinexor on the apoptosis
of MCF-7 and MDA-MB-175 cells after 5 days of intervention. As shown in Fig. 6, tucidinostat or selinexor
alone could signi�cantly promote the apoptosis of MCF-7 and MDA-MB-175 cells (p < 0.05 vs. Control).
Among them, the promoting effects of selinexor on the apoptosis of MCF-7 and MDA-MB-175 cells were
signi�cantly better than that of tucidinostat (p < 0.05 vs. Tucidinostat). The combination of selinexor
could signi�cantly enhance the apoptosis promotion effects of tucidinostat on MCF-7 and MDA-MB-175
cells (p < 0.05).

Effects of tucidinostat combined with selinexor on the protein expressions in wt-TP53 BC cells

Western blotting was used to detect the expression levels of acetylated p53, nuclear p53, total p53, p21,
Cyclin D1, Bcl-2 and Bax in MCF-7 and MDA-MB-175 cells after 5 days of intervention by tucidinostat and
selinexor. As shown in Fig. 7, tucidinostat intervention could signi�cantly up-regulate the expression
levels of acetylated p53, nuclear p53 and total p53 in MCF-7 and MDA-MB-175 cells (p < 0.05 vs. Control),
and signi�cantly promote the expressions of p21 and Bax, while the expressions of Cyclin D1 and Bcl-2
protein were suppressed (p < 0.05 vs. Control). Selinexor had no signi�cant effect on the expression of
acetylated p53 (p > 0.05 vs. Control), but its effect on up-regulating the expression of nuclear P53 protein
was stronger than that of tucidinostat (p < 0.05 vs. Tucidinostat). Selinexor could also signi�cantly up-
regulate the expressions of P21 and Bax, and down-regulate the expressions of Cyclin D1 and Bcl-2 (p < 
0.05 vs. Control). The combination of tucidinostat and selinexor could further affect the expressions of
above protein accordingly (p < 0.05 vs. the groups of Tucidinostat or Selinexor).

Discussion
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Tucidinostat is a selective inhibitor of benzamide HDAC subtypes, which mainly targets subtypes 1, 2, 3
of class I HDACs and subtype 10 of class IIb HDACs, and has a regulatory effect on abnormal epigenetic
functions of tumors [11]. Tucidinostat induces chromatin remodeling by inhibiting HDAC to increase the
acetylation level of chromatin histones, which results in changes in genes expressions of multiple
signaling pathways, thereby inhibiting tumor cell cycle and inducing apoptosis [12]. It can also induce
and enhance the tumor killing effect mediated by natural killer cells (NK) and antigen-speci�c cytotoxic T
cells (CTL) [13, 14]. Tucidinostat is approved for the treatment of peripheral T-cell lymphoma in China. In
terms of the treatment of BC, the effect of tucidinostat monotherapy is not satisfactory, but its
combination with aromatase inhibitors has been successful in the large-scale phase 3 clinical trial and
has been approved by National Medical Products Administration of China for patients with estrogen
receptor-positive clinically advanced or metastatic BC [8]. This may be related to the down-regulation of
non-estrogen-dependent growth factor signaling pathways by tucidinostat and the restoration of
sensitivity to anti-estrogen drugs [15]. In this study, four ER+Her2− BC cell lines, MCF-7, MDA-MB-175,
MDA-MB-134, and T47D, were selected as the research objects, which were divided into wt-TP53 (MCF-7
and MDA-MB-175) and mut-TP53 (MDA-MB-134 and T47) groups. We observed that the four BC cell lines
all have higher levels of HDAC1, 2, and 3 expressions compared with normal breast cells. Tucidinostat
showed more signi�cant inhibitory effects on proliferations of wt-TP53 BC cells than mut-TP53 BC cells.
We speculated that wt-TP5 may be the applicable type of BC for tucidinostat.

The nucleus is the regulatory center of cell genetics and metabolism. A large number of nuclear pores are
distributed in the nuclear membrane of the cell nucleus. In addition to transporting mRNA, rRNA and other
genetic material to complete basic functions such as translation, nuclear pores also transport many
regulatory proteins, such as p53, forkhead box, and the likes. Among them, any molecule larger than 40
kDa needs the help of a special transporter to move between the nucleus and the cytoplasm [16]. Protein
nuclear export is mainly regulated by XPO1. With the help of Ran-GTP, XPO1 binds to cargo proteins by
recognizing nuclear export signals. Hundreds of cellular proteins and many viral accessory proteins are
known to carry nuclear export signals that can be recognized by XPO1 [17]. A series of DNA mutations are
produced during cell division. Some tumor suppressor proteins in the nucleus, such as p53, monitor DNA
mutations and initiate protective mechanisms, prompting cancer cells to enter the process of apoptosis.
Studies have shown that XPO1 is the only nuclear export transporter involved in the transport of tumor
suppressors and growth regulators [18]. In cancer cells, XPO1 is generally overactive, leading to abnormal
output of many important tumor suppressor factors to the cytoplasm, which depriving them of normal
function [19]. Studies suggested that excessive nuclear export may be one of the key factors leading to
tumorigenesis and chemotherapy resistance [20]. Drugs in the family of selective nuclear export
inhibitors, including selinexor and related drugs verdinexor (KPT-335), can effectively block XPO1-
mediated nuclear export, thereby preserving the nuclear localization of tumor suppressors [21]. Selinexor
has been evaluated in basic research and clinical trials of multiple cancer types [22], and has been
approved by the U.S. Food and Drug Administration for refractory multiple myeloma [23]. The research of
selinexor in the treatment of BC has been reported. Arango et al. observed the inhibitory effects of
selinexor on the proliferations of 26 BC cell lines with different subtypes, and con�rmed that selinexor is a
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promising drug for the treatment of triple-negative BC [24]. However, a phase II clinical trial reported that
selinexor was well tolerated in patients with advanced triple-negative BC, but did not produce an objective
response [25]. In this study, we observed that MCF-7, MDA-MB-175, MDA-MB-134, and T47D all have
higher levels of XPO1 expressions compared with normal breast cells. Selinexor alone had a poor
inhibitory effect on the proliferation of the four types of BC cells, which was basically consistent with the
results of Arango et al. [24]. However, it is interesting that the proliferation inhibitory effects on wt-TP53
BC cells were signi�cantly enhanced by combining with tucidinostat. The above results suggest that
nuclear export signaling pathway and histone acetylation modi�cation may have cross-talk in wt-TP53
BC, and targeting of the two signaling pathways together may be a potential effective strategy for the
treatment of wt-TP53 BC.

TP53 is considered to be a tumor suppressor gene, the p53 protein synthesized after transcription and
translation of it participates in the coordination of cell cycle arrest, apoptosis, aging, metabolism,
differentiation, angiogenesis and other cellular responses, and plays important roles in regulating cell
integrity and homeostasis [26]. However, TP53 gene mutation is a common genetic event in most human
tumors, and more than 30% of BC patients have TP53 mutations [27]. Acetylation helps p53 to sense and
integrate various internal and external cellular stress signals, such as changes in oncogene activation,
and separate and translocate from the E3 ubiquitin ligase MDM2 to the central transcription factor in the
nucleus to regulate multiple downstream target genes, and then regulate the cell cycle progression and
cell death [28]. It has been reported that 13 lysine residues located at the C-terminal of p53 are the main
acetylation modi�cation sites, and lysine 120 (K120) located in the DNA binding domain has also been
con�rmed to play a key role in promoting p53-mediated apoptosis [29, 30]. The acetylation modi�cation
of p53 is completed by the CBP/p300 of HATs or the TIP60/ hMOF of MYST family, and the deacetylation
modi�cation is controlled by HDAC [31]. Studies have con�rmed that HDAC1, HDAC2, and HDAC3 are
involved in the deacetylation process of p53 [32–34]. The destruction of deacetylation at different sites
of p53 by inhibiting HDAC may affect the binding activity of sequence-speci�c DNA, thereby activating
target genes or altering nuclear export, coactivator recruitment or p53 stability. Studies have shown that
the use of HDAC inhibitors over-acetylates the key residues of p53, enhance the stability of p53, promote
cell cycle arrest and pro-apoptotic gene expression [35]. This study showed that tucidinostat could
signi�cantly promote apoptosis of MCF-7 and MDA-MB-175 cells. It also up-regulated the expression
levels of acetylation p53, nuclear p53, total p53, p21 and Bax, and down-regulated the expressions of
Cyclin D1 and Bcl-2. These results suggest that tucidinostat can promote p53 acetylation in wt-TP53 BC
cells to stabilize the activity of p53 protein, thereby regulating downstream apoptosis - related proteins
and promoting BC apoptosis.

In cancer cells, nuclear export protein is abnormally active, resulting in excessive export of tumor
suppressor protein to the cell nucleus, which cannot exert its anti-tumor effect. Among the nuclear export
proteins, only XPO1 is responsible for the nuclear export of p53 [36]. Overactive XPO1 can cause p53 to
translocate into the cytoplasm, causing it to lose its function and promote the development of cancer
[37]. XPO1-mediated abnormal output of p53 has been found in a variety of cancers, and is associated
with poor prognosis or drug resistance in patients [37]. Based on this, XPO1 has also become an effective
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target for tumor treatment. In this study, we found that the XPO1 inhibitor selinexor could enhance the
effects of tucidinostat on inhibiting the proliferation and promoting apoptosis of wt-TP53 BC cells.
Further western blotting results showed that selinexor intervention could signi�cantly up-regulate the
protein level of p53 in the nucleus. We speculated that in wt-TP53 BC cells, tucidinostat inhibits the
deacetylation of p53 by targeting HDACs, improves the stability and activity of p53 protein, while
selinexor can reduce the nuclear export of p53 protein by targeting XPO1, and further increase the amount
of p53 protein in the nucleus, which enhancing the anti-BC effect of tucidinostat.

Conclusion
In this study, we found that compared with the mut-TP53, tucidinostat exhibited better proliferation
inhibitory effects on wt-TP53 BC cells such as cell lines of MCF-7 and MDA-MB-175. Tucidinostat could
signi�cantly inhibit invasion and promote apoptosis of MCF-7 and MDA-MB-175 cells, up-regulated the
expression levels of acetylation p53, nuclear p53, total p53, p21 and Bax, and down-regulated the
expressions of Cyclin D1 and Bcl-2, suggesting that the anti-BC effect of tucidinostat may be mediated
through the p53 signaling pathway. The combination of XPO1 inhibitor selinexor and tucidinostat
enhanced above effects of tucidinostat on wt-TP53 BC cells. We believe that the combination of
tucidinostat and selinexor is a potentially effective drug combination for the treatment of wt-TP53 BC,
and the molecular mechanism may be through increasing the p53 activity in the nucleus of BC cells to
inhibit cancer cell proliferation and induce apoptosis.
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Figures

Figure 1

The protein expressions of HDAC1, HDAC2, HDAC3 and XPO1 in cells of MCF 10A, MCF-7, MDA-MB-175,
MDA-MB-134 and T47D. (A) The representative blots of HDAC1, HDAC2, HDAC3, XPO1 and GAPDH in
cells of MCF 10A, MCF-7, MDA-MB-175, MDA-MB-134 and T47D respectively. (B) The histogram of semi
quantitative analysis of HDAC1, HDAC2, HDAC3 and XPO 1 in cells in each cell lines (fold of GAPDH).
The values were expressed as the means ± S.E.M (n=6 for each group). *p 0.05 vs. MCF 10A.
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Figure 2

The comparison of IC50 values of tucidinostat and selinexor on MCF-7, MDA-MB-175, MDA-MB-134 and
T47D. The cells were treated withtucidinostat or selinexor at different concentrations for 72h. Cell viability
was measured using the MTT, and IC50values were then calculated using isobologram curves. The
values were expressed as the means ± S.E.M (n=6 for each group). *p 0.05 vs. MCF-7 or MDA-MB-175.
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Figure 3

The effects of combination of tucidinostat and selinexor on cells viability of MCF-7, MDA-MB-175, MDA-
MB-134 and T47D. (A-D) Effects of different concentrations of tucidinostat, selinexor and their
combination on cells viability of MCF-7,MDA-MB-175, MDA-MB-134 and T47D respectively after 72 h
treatment. Combination indexes were calculated accordingly on the indicated concentrations of
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tucidinostat and selinexor. The values were expressed as the means ± S.E.M (n=6 for each group). #p
0.05 vs. Tucidinostat; &p 0.05 vs. Selinexor.

Figure 4

The effects of combination of tucidinostat and selinexor on the proliferation of wt-TP53 BC cells. The
treatment concentrations of tucidinostat and selinexor here were 20 μM and 10 μM, respectively. (A) The
representative images of MCF-7 cells proliferation at different time points in each group (40×). (B) The



Page 16/19

cell counting curve of MCF-7. (C) The representative images of MDA-MB-175 cells proliferation at
different time points in each group (40×). (D) The cell counting curve of MDA-MB-175. The values were
expressed as the means ± S.E.M (n=6 for each group). *p<0.05 vs. Control. #p 0.05 vs. Tucidinostat; &p
0.05 vs. Selinexor.

Figure 5

The effects of combination of tucidinostat and selinexor on the invasion of wt-TP53 BC cells. (A) The
representative images of cells stained by crystal violet in the lower chamber after treatment with
tucidinostat (20 μM) and/or selinexor (10 μM) for 24h. (B-C) The relative invasion rate of MCF-7 and
MDA-MB-175. The values were expressed as the means ± S.E.M (n=6 for each group). *p<0.05 vs.
Control. #p 0.05 vs. Tucidinostat; &p 0.05 vs. Selinexor.
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Figure 6

The effects of combination of tucidinostat and selinexor on apoptosis of wt-TP53 BC cells. (A) The
representative images of �ow cytometry in each experimental group of MCF-7 and MDA-MB-175 after
treatment with tucidinostat (20 μM) and/or selinexor (10 μM) for 72h. (B) Apoptosis rates in each
experimental group of MCF-7 cells. (C) Apoptosis rates in each experimental group of MDA-MB-175
cells.The values were expressed as the means ± S.E.M (n=6 for each group). *p<0.05 vs. Control. #p 0.05
vs. Tucidinostat; &p 0.05 vs. Selinexor.
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Figure 7

The effects of combination of tucidinostat and selinexor on expression of p53 in wt-TP53 BC cells. (A-B)
The representative blots of acetyl-p53, nuclear p53, total p53 and GAPDH in cells of MCF-7 and MDA-MB-
175. (C-E) The histogram of semi quantitative analysis of acetyl-p53 (fold of total p53),nuclear p53 (fold
of total p53) and total p53 (fold of GAPDH) in cells of MCF-7 and MDA-MB-175. The values were
expressed as the means ± S.E.M (n=6 for each group). *p<0.05 vs. Control. #p 0.05 vs. Tucidinostat; &p
0.05 vs. Selinexor.
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Figure 8

The effects of combination of tucidinostat and selinexor on protein expressions of p21, Cyclin D1, Bcl-2
and Bax in wt-TP53 BC cells. (A) The representative blots of p21, Cyclin D1, Bcl-2, Bax and GAPDH in cells
of MCF-7. (B) The histogram of semi quantitative analysis of p21, Cyclin D1, Bcl-2 and Bax (fold of
GAPDH) in MCF-7 cells. (C) The representative blots of p21, Cyclin D1, Bcl-2, Bax and GAPDH in cells of
MDA-MB-175. (D) The histogram of semi quantitative analysis of p21, Cyclin D1, Bcl-2 and Bax (fold of
GAPDH) in MDA-MB-175 cells. The values were expressed as the means ± S.E.M (n=6 for each group).
*p<0.05 vs. Control. #p 0.05 vs. Tucidinostat; &p 0.05 vs. Selinexor.


