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Abstract
CUDC-907 is a novel dual-acting inhibitor of phosphoinositide 3-kinase (PI3K) and histone deacetylase (HDAC). In this study,
we aimed to explore the anticancer effects of CUDC-907 on human breast cancer cells. Our results showed that CUDC-907
effectively inhibited breast cancer cell proliferation. Flow cytometry analysis revealed that CUDC-907 induced cell cycle arrest
and apoptosis in breast cancer cells. The combined treatment of CUDC-907 and tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) resulted in a marked increase in apoptosis and cleavage of caspase-8, −9 and poly (ADP-ribose) polymerase
(PARP) in breast cancer cells. CUDC-907 enhanced expressions of death receptor 5 (DR5), reduced the levels of anti-apoptotic
molecules XIAP, Bcl-2 and Bcl-xL. Knockdown of DR5 abrogated apoptosis induced by the combination of CUDC-907 and
TRAIL in breast cancer cells. CUDC-907 increased the phosphorylation of JNK and p38 MAPK. JNK inhibitor pretreatment
attenuated CUDC-907-induced upregulation of DR5. In summary, CUDC-907 shows potent cytotoxicity against breast cancer
cells and facilitates TRAIL-mediated apoptosis through DR5 upregulation. The combination of CUDC-907 and TRAILmay be a
promising therapeutic approach in the treatment of breast cancer.
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Introduction

Breast cancer is the most commonly diagnosed and the second
leading cause of cancer-related deaths among women
(Scimeca et al. 2019). Over the past several decades, signifi-
cant advances have been made in the understanding of the
molecular pathology and therapeutic approaches in breast

cancer, which have led to a decrease in breast cancer mortality
rates (Nahleh et al. 2019). However, there were still approxi-
mately 70,700 deaths of breast cancer in China in 2015 (Chen
et al. 2016). For breast cancer, the treatment modalities mainly
include surgery, chemotherapy, radiotherapy and endocrine
therapy. As an effective means of treating cancer patients,
chemotherapy can increase survival and alleviate symptoms
of breast cancer. However, the use of chemotherapeutic drugs
is frequently limited because of drug-resistance and serious
drug-induced side effects (Li et al. 2018). Therefore, it is im-
perative to identify and characterize more effective agents or
new therapeutic strategies to achieve enhanced anticancer
efficacy.

The phosphatidylinositol 3-kinases (PI3Ks) are a family of
l ip id k inases tha t ca t a lyze phosphory la t ion o f
phosphoinositide at the 3-OH position of the inositol ring.
PI3K signaling contributes to a variety of biological processes
that are critical in mediating multiple cellular functions, in-
cluding cellular survival, proliferation and migration in differ-
ent physiological and pathological conditions (Weinberg
2016). Aberrant alterations and activations of the PI3K path-
way have been linked with breast cancer tumorigenesis, drug
resistance and clinical outcome (Zheng et al. 2018). Therefore,
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specific targeting of PI3K signaling could be a reasonable
strategy in the treatment of various human cancers including
breast cancer. Small molecule inhibitors of PI3K have exhib-
ited promising activities and impressive results in breast can-
cer clinical trials (McRee et al. 2018; Rodon et al. 2018).

Histone deacetylases (HDACs) belong to a family of en-
zymes that catalyze the removal of acetyl groups from lysine
residues in the amino terminal tail of histones, making the
surrounding DNA less accessible to transcription factors
(Yuan et al. 2009). Given that histone modification modulates
gene expression, it is not surprising that aberrant expression of
HDACs is associated with a wide variety of human cancers
and correlates with poor prognosis (Vancurova et al. 2018).
Accumulating evidences have revealed that HDACs inhibitors
exert profound antiproliferative or pro-apoptotic activities in
many different types of tumor, and a variety of established
inhibitors of HDAC are being tested in clinical trials of all
phases (Li and Seto 2016; Singh et al. 2011).

As an orally bioavailable small-molecule inhibitor, CUDC-
907 has shown broad anticancer activities in hematologic and
solid tumors (Kotian et al. 2017; Chen et al. 2019). It also
enhanced radiosensitivity by inhibiting radiation-induced
DNA repair pathways in gliomas (Pal et al. 2018). In the
current study, we detected cytotoxic effect of CUDC-907 in
breast cancer cells and explored the potential role of it on the
TRAIL-induced apoptosis. Our data indicated that CUDC-
907 inhibited cell proliferation, triggered DNA damage, cell
cycle arrest and apoptosis in breast cancer cells. Moreover,
CUDC-907 enhanced TRAIL-induced apoptosis via upregu-
lating DR5 expression, which may allow us to develop a
promising therapeutic strategy for cancer treatment.

Materials and methods

Cell lines

Human MCF-7 and MDA-MB-231 breast cancer cell line
were obtained from Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). Cells were cultured
in Dulbecco’s modified Eagle’s medium (DMEM) containing
10% fetal bovine serum (Gibco, USA) and incubated at 37 °C
in a humidified atmosphere containing 5% CO2.

Reagents and antibodies

CUDC-907 was purchased from Selleck (Shanghai, China).
TRAIL was purchased from R&D system (Minneapolis,
USA). JNK Inhibitor SP600125 was purchased from Merck
chemicals (Darmstadt, Germany). P38 MAPK inhibitor
SB203580 was obtained from TopScience (Shanghai,
China). Anti-p21, anti-p53, anti-ERK1/2, anti-p-ERK1/2, an-
ti-p38, anti-cyclinB1, anti-p70S6K, anti-Cdc2, anti-Bcl-2,

anti-XIAP, anti-Bcl-xL and anti-Bax antibodies were pur-
chased from Santa cruz. Anti-cyclinD1 and anti-γ-H2AX an-
tibodies were obtained from Abcam (Shanghai, China). Anti-
p-p70S6K, anti-Cdc25C, anti-p-p38, anti-Cdc25C and anti-p-
Cdc25C antibodies were purchased from Cell Signaling
Technology (Shanghai, China). Anti-p-Akt antibody was pur-
chased from Merck Millipore (Darmstadt, Germany). Anti-
p27, anti-Akt, and anti-p-JNK antibodies were purchased
from BD Biosciences (San Jose, USA). Anti-β-Actin anti-
body, goat anti-mouse and anti-rabbit IgG HRP conjugated
secondary antibodies were purchased from Sigma-Aldrich
(Shanghai, China).

Cell viability assay

Cell viability was measured by Dojindo’s Cell Counting Kit 8
(CCK-8) assay. Briefly, cells were seeded into 96-well plates
at a density of 1 × 104. After overnight incubation, cells were
treated with either CUDC-907 alone or in combination of
TRAIL as described in individual experiments. After the in-
dicated time, CCK-8 was added to each well and incubated at
37 °C for 1 h. The absorbance of samples (450 nm) was
determined using a microplate reader (iMark, Bio-Rad,
USA). Experiments were repeated independently three times.

Cell cycle analysis

Cells were seeded at densities of 6 × 105 per well in 6-well
plates and incubated with different doses of CUDC-907 for
24 h. Cells were then collected and washed with 1 × PBS.
Next, cells were fixed in 70% ice-cold ethanol for 24 h and
incubated with RNase A (Sigma-Aldrich) for 30 min at 37 °C.
Cellular DNA was stained by propidium iodide (Solarbio,
Beijing, China) for 15 min at room temperature. The number
of cells at each stage of the cell cycle was analyzed by
FACSCalibur flow cytometry and CellQuest analysis software
(Becton-Dickinson, CA, USA).

Cell apoptosis detection

Cell apoptosis levels were measured using the FITC-
Annexin V/PI Staining Detect ion Kit (KeyGen
BioTECH, Nanjing, China) with flow cytometry.
Briefly, cells (6 × 105) in 6-well plates were treated with
indicated doses of CUDC-907 for 24 h. Then the cells
were collected, washed with PBS, and resuspended in
100 μL binding buffer containing FITC-conjugated
Annexin V and PI. After incubation under dark condi-
tions for 15 min, cells were then analyzed using BD
FACSCalibur flow cytometer.
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Western blotting analysis

Cells treated with DMSO or indicated concentrations of
CUDC-907 were washed with cold PBS and lysed on ice in
RIPA lysis buffer (containing phosphatase and protease inhib-
itors) for 20 min. Total proteins were denatured at 95 °C for
5 min. Equal amounts of the total proteins were separated by
SDS-PAGE gels and transferred to polyvinyldifluoride
(PVDF) membranes (Millipore). The membranes were
blocked with 5% non-fat milk for 1 h at room temperature
and then incubated overnight at 4 °C with primary antibodies.
After three washes with PBS, the membranes were incubated
with secondary antibodies for 1 h. The signals were detected
byWestern Chemiluminescent HRP Substrate (ECL) solution
(Millipore). The results shown are representative of at least
three experiments.

Immunofluorescence assay

Cells were fixed with cold 100% methanol for 20 min
at 4 °C. The fixed cells were then permeabilized with
0.1% Triton X-100 and subsequently blocked with 3%
BSA for 30 min at room temperature. Next, cells were
incubated with primary monoclonal antibodies against
γ-H2AX. After washing, cells were incubated with
Alexa-488-conjugated secondary antibodies (Thermo
Fisher Scientific, USA) for 1 h at RT. The nuclei were
stained with DAPI. Fluorescence images were acquired
using an inverted fluorescence microscope (Ti-S, Nikon,
Japan).

RNA interference

Cells (5 × 105) were seeded per well in 6-well plates.
After 24 h incubation, 20 nM DR5 small interfering
RNA (sc-40237; Santa cruz) or control siRNA (sc-
37007; Santa cruz) were transfected into cells using
Lipofectamine RNAiMAX reagent (Thermo Fisher
Scientific) according to manufacturer’s instructions.
After 48 h transfection, the cells were treated with
TRAIL and/or CUDC-907 for another 24 h and then
harvested. The knockdown efficiency of DR5 was con-
firmed by Western blotting analysis.

Statistical analysis

Values represent the means±SD of at least 3 independent
experiments. Statistical analysis was performed using
SPSS software, p < 0.05 was considered statistically
significant.

Results

CUDC-907 downregulates the PI3K downstream
pathway in human breast cancer cells

As a dual small-molecule inhibitor of PI3K and HDAC,
CUDC-907 has potently inhibited the activity of Akt in thy-
roid cancer (Kotian et al. 2017). Therefore, we detected the
effect of CUDC-907 on the phosphorylation of Akt and
p70S6K in breast cancer cells. As shown in Fig. 1, exposure
to CUDC-907 for 24 h markedly reduced the phosphorylation
of Akt and p70S6K in both MCF-7 and MDA-MB-231 cells.
Interestingly, CUDC-907 also downregulated the total levels
of p70S6K in breast cancer cells (Fig. 1).

CUDC-907 inhibits the cell viability of human breast
cancer cells

To evaluate the antiproliferative effects of CUDC-907 in hu-
man breast cancer cells, we assessed the cell viability by
performing CCK-8 assay. As shown in Fig. 2, after 24 h of
exposure to the indicated concentrations of CUDC-907, cell
viability was decreased significantly in both MCF-7 and
MDA-MB-231 cells.

CUDC-907 induces DNA damage in breast cancer cells

Previous report indicated that CUDC-907 induced DNA dam-
age in acute myeloid leukemia cells (Li et al. 2019). We then
tested whether CUDC-907 could induce DNA damage in
breast cancer cells. Cells were treated with CUDC-907 for
24 h, and a well-known DNA damage marker γ-H2AX was
detected by immunofluorescence assay. As shown in Fig. 3a,
exposure to CUDC-907 increased γ-H2AX foci formation in
both MCF-7 and MDA-MB-231 cells.

Meanwhile, the expressions of γ-H2AX were detected by
Western blotting analysis. As shown in Fig. 3b, treatment with
CUDC-907 induced the γ-H2AX expression in both MCF-7
and MDA-MB-231 cells. These results indicated that CUDC-
907 could induce DNA damage in breast cancer cells.

CUDC-907 causes G2/M arrest in breast cancer cells

DNA damage may result in cell cycle arrest and apoptosis.We
then performed flow cytometry to assess the effect of CUDC-
907 on cell cycle distribution in breast cancer cells. As shown
in Fig. 4a, CUDC-907 treatment induced cell cycle arrest in
G2/M phase in MCF-7 cells, which was accompanied by a
progressive decrease of G1 phase and S phase cell population.
It should be mentioned that when MDA-MB-231 cells were
treated with CUDC-907 for 24 h, the proportion of cell in both
G1 and G2/M phase was increased significantly (Fig. 4a).

CUDC-907 enhances TRAIL-induced apoptosis through upregulation of DR5 in breast cancer cells 379



To elucidate the mechanism underlying CUDU-907-induced
cell cycle arrest, the expressions of cell cycle-related protein were
examined by Western blotting analysis. As shown in Fig. 4b,
after treatment with CUDC-907 for 24 h, the levels of the
Cdc25C, p-Cdc25C and cyclinD1 were decreased in both
MCF-7 and MDA-MB-231 cells, and the expressions of p21
were upregulated. The levels of cyclinB1, p-Cdc2 and Cdk4
were reduced in MDA-MB-231 cells. However, in CUDC-
907-treated MCF-7 cells, cyclinB1 and p-Cdc2 were upregulat-
ed, and Cdk4 remained unchanged. In MCF-7 cells, p27 levels
were downregulated upon CUDC-907 treatment, whereas it was
unchanged inMDA-MB-231 cells. Additionally, the expressions
of p53 expression were unaffected by exposure to CUDC-907 in
breast cancer cells (Fig. 4b).

CUDC-907 triggers cell apoptosis in human breast
cancer cells

To confirm cell apoptosis contributes to the inhibition of cell
viability upon CUDC-907 treatment, Annexin V-FITC and

propidium iodide (PI) double staining was used to detect the
apoptosis in breast cancer cells. Our results revealed that
higher concentrations of CUDC-907 triggered cell apoptosis
in both MCF-7 and MDA-MB-231 cells (Fig. 5a).

Fig. 3 CUDC-907 induces DNA damage response in breast cancer cells.
a CUDC-907 treatment increased γ-H2AX foci formation. Cells were
treated with CUDC-907 for 24 h, and then fixed 20 min for immunoflu-
orescence analysis of γ-H2AX foci. Nuclei were visualized by DAPI. b
Representative Western blotting results showing γ-H2AX expression af-
ter incubation with CUDC-907 for 24 h in breast cancer cells. β-Actin
was used as a loading control

Fig. 1 CUDC-907 downregulates
the PI3K downstream pathway.
Cells were treated with CUDC-
907 (10, 50, 100 nM) for 24 h.
The expression of Akt, p-Akt,
p70S6K and p-p70S6K was ana-
lyzed using Western blotting
analysis. β-Actin was used as a
loading control

Fig. 2 CUDC-907 inhibits cell viability in human breast cancer cells. Cell
Counting Kit-8 assay of breast cancer cells treated with increasing dose of
CUDC-907 for 24 h. Mean ± SD, n = 3. *indicates that P < 0.05 and
**indicates that P < 0.01 versus control group (0 nM CUDC-907)
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Next, we evaluated the cleavage of caspase-8, caspase-9 and
PARP by Western blotting analysis. As shown in Fig. 5b, treat-
ment with CUDC-907 for 24 h clearly induced the cleavage of
caspase-8, −9 and PARP in MCF-7 cells. Likewise, similar
events also occurred in MDA-MB-231 cells (Fig. 5b).

CUDC-907 enhances TRAIL-mediated apoptosis
in human breast cancer cells

TRAIL is well known for its ability to preferentially in-
duce cancer cell-specific apoptosis without causing ad-
verse effects in normal cells (Lim et al. 2015). However,
inherent and acquired resistance of tumor to TRAIL-
induced apoptosis limits its therapeutic applicability. We
then investigated whether CUDC-907 could sensitize
TRAIL-mediated cytotoxic and apoptotic effects in breast
cancer cells. Both MCF-7 and MDA-MB-231 cells were

treated with CUDC-907 alone (50 nM), TRAIL alone (40,
60, 80, 100 ng/mL), and combined treatment with CUDC-
907 and TRAIL. CCK-8 results showed that CUDC-907
sensitized 60–100 ng/mL TRAIL-mediated cytotoxicity in
both MCF-7 and MDA-MB-231 cells (Fig. 6a).

Moreover, the effects of CUDC-907 on TRAIL-mediated
apoptosis were detected by Annexin V-FITC and PI staining.
We found that co-treatment with CUDC-907 and TRAIL syn-
ergistically increased the apoptotic population compared with
either CUDC-907 or TRAIL alone (Fig. 6b).We then assessed
whether CUDC-907 could increase TRAIL-induced activa-
tion of caspase-8, −9 and consequent PARP cleavage. Our
studies showed that co-treatment with CUDC-907 and
TRAIL markedly increased the cleavage of caspase-8, −9
and PARP cleavage (Fig. 6c). These results suggest that
CUDC-907 may be a novel potent TRAIL sensitizer in breast
cancer.

Fig. 4 The effects of CUDC-907 on the cell cycle distribution in breast
cancer cells. a Cell cycle profile analyses in MCF-7 and MDA-MB-231
cells treated with CUDC-907 for 24 h. Each bar corresponds to the mean
± SD for three independent experiments. *indicates that P < 0.05 and

**indicates that P < 0.01 versus control group (0 nM CUDC-907). b
Cells were treated with CUDC-907 for 24 h, and the expressions of cell
cycle related proteins were measured by Western blotting analysis. β-
Actin was used as a loading control
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Upregulation of DR5 by CUDC-907 contributes
to the TRAIL-induced cell death

To gain further insight into CUDC-907 enhancement of
TRAIL-induced apoptosis, we evaluated the expression of
X-linked inhibitor of apoptosis protein (XIAP) and Bcl-2 fam-
ily members. Western blotting results showed that the expres-
sions of anti-apoptotic proteins including XIAP, Bcl-xL and
Bcl-2 were suppressed upon CUDC-907 treatment in both
MCF-7 and MDA-MB-231 cells (Fig. 7a), which may ac-
count, at least in part, for the synergistic effect of CUDC-
907 treatment. No change of Bax levels was observed in
CUDC-907-treated cells.

Next, we examined the effect of CUDC-907 on the death
receptors (DR4 and DR5) expression; because downregula-
tion of death receptors account for TRAIL resistance in certain
cancer cell lines (Yuan et al. 2018).We confirmed that CUDC-
907 treatment upregulated the expression of DR5 in both
MCF-7 and MDA-MB-231 cells. However, the levels of
DR4 remained constant upon CUDC-907 treatment (Fig. 7b).

We then verified whether DR5 contributed to the induction
of cytotoxicity by co-treatment with CUDC-907 and TRAIL.
Breast cancer cells were transfected with DR5 siRNA or con-
trol siRNA, and then treated with the combination of CUDC-
907 and TRAIL for 24 h. CCK-8 results indicated that trans-
fection with siRNA against DR5 significantly abolished the
cytotoxic effects of CUDC-907 and TRAIL (Fig. 7c).

Moreover, DR5 knockdown attenuated the cleavage of cas-
pase-8, −9 and PARP induced by CUDC-907 plus TRAIL
treatment (Fig. 7d). These results suggest that DR5 upregula-
tion contributes to the sensitization of TRAIL-induced apo-
ptosis by CUDC-907 co-treatment.

Inhibition of the JNK abrogates CUDC-907-mediated
DR5 upregulation

There is increasing evidence that MAPK pathways are in-
volved in cellular responses to small molecule inhibitors treat-
ment, and MAPK activation is critical for the upregulation of
DR5 (Shlyakhtina et al. 2017). Accordingly, we examined
whether MAPK pathway contributed to the upregulation of
DR5 by CUDC-907. After cells were exposure to CUDC-907
for 24 h, the protein expressions of p-ERK, p-JNK and p-p38
MAPK were checked. Our results showed the phosphoryla-
tion of ERK was decreased, and the expression levels of p-
JNK and p-p38MAPK were increased in CUDC-907-treated
cells (Fig. 8a).

We further performedWestern blotting analysis in the pres-
ence of SP600125 (JNK inhibitor) and SB203580 (p38
MAPK inhibitor) in CUDC-907-treated cells. As shown in
Fig. 8b, pretreatment with the JNK inhibitor SP600125 sig-
nificantly abrogate the CUDC-907-induced DR5 upregulation
in both MCF-7 and MDA-MB-231 cells. However, p38

Fig. 5 CUDC-907 triggers cell apoptosis in breast cancer cells. a
Following treatment with CUDC-907 for 24 h, cells were stained with
Annexin V-FITC/PI and then analyzed by flow cytometry. Each bar cor-
responds to the mean ± SD for three independent experiments. *indicates

that P < 0.05 and **indicates that P < 0.01 versus control group (0 nM
CUDC-907). b Western blotting analysis of cleaved caspase-8, −9 and
PARP in breast cancer cells. β-Actin was used as a loading control
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MAPK inhibitor treatment did not affect CUDC-907-induced
DR5 expression (Fig. 8b).

Discussion

It is now widely accepted that PI3K signaling pathway is one
of the most frequently activated intracellular pathways in hu-
man cancers, which contribute to the tumor progression and
poor prognosis. Therefore, inhibitors targeting this pathway
have shown some therapeutic promise in clinical studies

(McKenna et al. 2018). As a dual PI3K and HDAC inhibitor,
CUDC-907 showed greater growth inhibition and
proapoptotic activity than single-target PI3K or HDAC inhib-
itors targeting cancer cells (Qian et al. 2012). CUDC-907 also
downregulated Myc protein levels and suppressed the growth
and survival of Myc-altered or Myc-dependent cancer cells
(Sun et al. 2017).

Based on these reports, we examined the anticancer activity
of CUDC-907 on the human breast cancer cells in this study.
Our results showed that CUDC-907 induced cell cycle arrest
and DNA damage in both MCF-7 and MDA-MB-231 cells.

Fig. 6 CUDC-907 enhances TRAIL-mediated apoptosis in breast cancer
cells. a Cytotoxic effect of CUDC-907 (50 nM) combined with TRAIL
(40–100 ng/mL) onMCF-7 andMDA-MB-231 cells analyzed by CCK-8
assay at 24 h. Each bar corresponds to the mean ± SD for three indepen-
dent experiments. *indicates that P < 0.05 and **indicates that P < 0.01
versus CUDC-907 group (50 nM); ## indicates that P < 0.01 versus
TRAIL group (40–100 ng/mL). b Induction of cell apoptosis was detected

by flow cytometry. The combination of CUDC-907 (50 nM) and TRAIL
(80 ng/mL) significantly increased the cell apoptosis compared to each
drug alone. Mean ± SD, n = 3. *indicates that P < 0.05 and **indicates
that P < 0.01 versus CUDC-907 group (50 nM); ## indicates that P < 0.01
versus TRAIL group (80 ng/mL). c The expression of apoptosis related
proteins was detected byWestern blotting analysis.β-Actin was used as a
loading control

CUDC-907 enhances TRAIL-induced apoptosis through upregulation of DR5 in breast cancer cells 383



The accuracy of cell cycle progression is controlled by the
coordinated activity of the cyclin-dependent kinases (CDK)
and regulatory cyclins. In response to DNA damage, cell cycle
checkpoint (G1/S, intra-S and G2/M) transitions become ac-
tive to provide time for cells to repair DNA damage (Wang
et al. 2018). The G2/M phase transition is primarily dependent
on cyclinB1/Cdc2 activity, it can be activated by Cdc25C or
inhibited by p21 and p27 (Jang et al. 2018). In our study,
exposure of breast cancer cells to CUDC-907 mainly induced
cell cycle arrest in G2/M phase, which correlated with the
upregulation of the cyclin-dependent kinase inhibitor p21,
and a significant reduction of cyclinD1, Cdc2 and Cdc25C.
In addition, CUDC-907 could trigger apoptosis of breast can-
cer cells by increased the cleavage of caspase-8, −9 and PARP,
this is in agreement with previous studies reporting CUDC-
907-induced apoptosis in thyroid cancer cell lines (Kotian
et al. 2017).

On the other hand, in the present study, CUDC-907 sensi-
tizes TRAIL-mediated apoptosis in human breast cancer cells.
As a famous potential anticancer agent, TRAIL is considered
as a promising anticancer chemotherapy due to its ability to
induce cancer-specific apoptosis but less toxicity in normal

cells (Selvarajoo 2017). Although both TRAIL and agonistic
antibodies to TRAIL receptors are currently in clinical trials
for cancer therapy, resistance of tumor cells to apoptosis is still
one of the major hurdles for its application in the clinical
setting (von Karstedt et al. 2017). Much effort has focused
on combination therapies to establish effective therapeutic
strategies to overcome TRAIL resistance in cancer. Thus, we
explored the ability of CUDC-907 to enhance TRAIL-
triggered apoptosis in breast cancer cells.

Our results showed that CUDC-907 upregulated the ex-
pression of DR5 and downregulated cell survival proteins in-
cluding XIAP, Bcl-xL and Bcl-2, which may help to explain
CUDC-907 sensitizing TRAIL activity at a cellular mechanis-
tic level. We are particularly interested in the role of DR5 in
the synergistic effect and the mechanism accounting for the
upregulation of DR5. To signal cell death, TRAIL trimerizes
and binds to its receptors TRAIL-R1 (DR4) and TRAIL-R2
(DR5), thereby recruiting the intracellular signaling compo-
nents with Fas-associated death domain (FADD) (Abdulghani
and El-Deiry 2010). FADD then recruits pro-caspase-8 and
caspase-10 to form a death-inducing signaling complex
(DISC). Activated caspases-8 transfers the apoptosis signal

Fig. 7 CUDC-907 synergistically sensitizes breast cancer cells to TRAIL
partially depend on DR5. a Cells were treated with the indicated
concentrations of CUDC-907 for 24 h. The protein levels of XIAP, Bcl-
xL, Bcl-2 andBaxwere determined byWestern blotting analysis.β-Actin
was used as a loading control. b Expressions of DR4 and DR5 were
determined using Western blotting analysis. c Knockdown of DR5 in-
hibits cytotoxicity after co-treatment with CUDC-907 and TRAIL.

Following transfection with DR5 siRNA (Si-DR5) and control siRNA
(Si-Con), cells were co-treated with CUDC-907 (50 nM) and TRAIL
(80 ng/mL), cell cytotoxicity was examined by CCK-8 assay. Each bar
corresponds to the mean ± SD for three independent experiments. *P <
0.05 as compared to control siRNA group. d The expression of DR5 and
cleavage of caspase-8, −9 and PARP were measured by Western blotting
assay. β-Actin was used as a loading control
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to executioners of apoptosis via the intrinsic or extrinsic apo-
ptotic pathways (Yuan et al. 2018). Downregulation of death
receptors in cancer cells is associated with TRAIL resistance,
and small molecules targeting death receptors are increasingly
gaining attention (Das et al. 2017; Carlsten et al. 2018).

We found that CUDC-907 dramatically induced the levels
of DR5, but not DR4, in breast cancer cells. However, it was
not clear whether elevated expression of DR5 was responsible
for the TRAIL-induced apoptosis. Then, we knocked down
the expression of DR5 by small interfering RNA and studied
the effects on caspase activation after co-treatment with
CUDC-907 and TRAIL. We found that knockdown of DR5
abrogated cytotoxicity and apoptosis induced by the combi-
nation of TRAIL and CUDC-907. Therefore, we speculated
that one of mechanisms of CUDC-907-mediated TRAIL sen-
sitization in breast cancer cell is upregulation of DR5.

Several interrelated mechanisms have been proposed for
the induction of DR5, including activation of MAPK signal-
ing pathways (Liu et al. 2017; Wu et al. 2017). To examine
whether MAPK pathways are responsible for CUDC-907-
induced upregulation of DR5, we detected the effect of
CUDC-907 on the phosphorylation of MAPK family mem-
bers in breast cancer cells. We found that CUDC-907 in-
creased the phosphorylation of JNK and p38 MAPK.
However, pretreatment of cells with JNK inhibitor
SP600125, but not the p38 MAPK inhibitor SB203580, atten-
uated CUDC-907-induced DR5 upregulation, which provided

the underlying molecular mechanism for CUDC-907-induced
DR5 was dependent of JNK activation.

In conclusion, CUDC-907 inhibits the cell proliferation
and sensitizes breast cancer cells to TRAIL-induced cell
death. CUDC-907 increases the death receptor DR5 via acti-
vation of JNK. The use of combination therapy focused upon
the CUDC-907 and TRAIL may be a potentially good thera-
peutic strategy for human breast cancer patients.
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