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Chidamide suppresses the glycolysis of triple negative breast
cancer cells partially by targeting the miR-33a-5p-LDHA axis
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Abstract. Triple negative breast cancer (TNBC) is one of
the most aggressive types of breast cancer and has a poor
prognosis. Therefore, the development of novel drugs and
understanding the molecular mechanisms that may contribute
to the initiation and development of TNBC are urgently
required. Chidamide, a histone deacetylase inhibitor, has
been reported as possessing anti-cancer properties in several
cancers, however, the function of chidamide in TNBC remains
to be elucidated. The present study revealed that chidamide
inhibited the proliferation, colony formation and migration
of TNBC cells. Experiments investigating the underlying
mechanism revealed that chidamide upregulated the expres-
sion of microRNA (miR)-33a-5p in TNBC cells via RT-qPCR.
Luciferase reporter assay demonstrated that miR-33a-5p was
bound to the 3'-untranslated region of lactate dehydrogenase A
(LDHA) and decreased the expression of LDHA in TNBC
cells. In addition, chidamide suppressed the expression of
LDHA and significantly decreased the glycolysis of TNBC
cells. Collectively, the results of the present study demonstrated
that chidamide reprogramed glucose metabolism, partially by
targeting the miR-33a-5p/LDHA pathway, in TNBC. These
findings indicate that chidamide may be a promising novel
drug in the treatment of patients with TNBC.

Introduction

Triple negative breast cancer (TNBC) is one of the most
aggressive subtypes of breast cancer, which is character-
ized by the lack of estrogen receptor, progesterone receptor
and human epidermal growth factor receptor 2 (1-4). Due to
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these clinical features, the response of patients with TNBC
to conventional therapies remains unsatisfactory. Therefore,
identifying novel drugs that may be applied in the treatment
of TNBC and furthering our understanding of the underlying
molecular mechanisms are urgently required.

Aberrant gene expression contributes substantially to the
initiation and development of cancer in humans. It is well
documented that epigenetic alternations regulate gene expres-
sion (5). In particular, the acetylation of histone proteins,
which is catalyzed by histone acetyltransferases and histone
deacetylases (HDACs:), is the most extensively investigated
epigenetic modification (6,7). HDACs have been revealed to
be upregulated in a variety of human cancer types, promoting
the progression of cancer (6-12). An increased expression
of HDACs has been correlated with a poorer prognosis in
patients with cancer. Previous studies have also demonstrated
that disrupting the expression of HDACs with an HDAC
inhibitor (HDACi) markedly suppressed the progression of
cancer (13-16). These HDAC:is included quisinostat, entinostat
and chidamide (17-22). It has been reported that chidamide
is an inhibitor of class I HDACs, with specificity in targeting
HDAC 1, 2,3 and 10. The anticancer effects of chidamide have
been reported in pancreatic cancer, non-small cell lung cancer,
colon cancer and NK/T lymphoma cells (19-23). However,
the function of chidamide and the underlying molecular
mechanisms by which chidamide regulates the proliferation of
TNBC cells remain to be fully elucidated.

MicroRNAs (miRNAs/miRs) are a class of small,
non-coding RNAs with a length of 18-24 nucleotides, which
modulate gene expression by binding to the 3'-untranslated
region (3'-UTR) of downstream targets (24-26). The interac-
tions between miRNAs and the 3'-UTR of target genes result
in the degradation or translational inhibition of mRNAs (25).
The aberrant expression of miRNAs is involved in the progres-
sion of human diseases. A recent study showed that renal
miR-214-3p serves a functional role in the development of
hypertension (27). miR-192-5p in the kidney protects against
the development of hypertension (28). An increasing body of
evidence demonstrates that miRNAs serve important roles
in regulating the development of cancer by acting as tumor
suppressors or oncogenes (29,30). The aberrant expression
of miRNAs confers resistance to drug treatment, therefore,
modulating the expression of miRNAs has become a critical
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target of drugs in order to suppress the growth of cancer cells.
As a specific characteristic of cancer, cancer cells metabolize
glucose via aerobic glycolysis rather than mitochondrial aerobic
respiration, even in conditions with sufficient oxygen (31,32).
The process of glycolysis is sequentially catalyzed by several
enzymes, including glucose transporters, glucose-6-phosphate
dehydrogenase and lactate dehydrogenase A (LDHA) (33).
To regulate the growth of cancer cells, miRNAs have been
found to modulate the expression of enzymes associated with
glycolysis, which in turn regulates the metabolism of cancer
cells. For example, miR-142-3p was shown to inhibit the
aerobic glycolysis of hepatocellular carcinoma by targeting
LDHA (34). Additionally, miR-30a-5p was reported to
suppress the LDHA-mediated glucose metabolism of breast
cancer cells (35). These studies indicate that miRNAs target
LDHA and modulate the progression of cancer.

miR-33a-5p has been reported to be downregulated in
melanoma, osteosarcoma and hepatocellular carcinoma,
acting as a tumor suppressor in regulating the growth of
cancer cells (36,37). miR-33a-5p has been shown to increase
the radiosensitivity of melanoma cells by inhibiting glycol-
ysis (37). However, the expression and function of miR-33a-5p
in TNBC remain unknown. In the present study, the results
revealed that chidamide treatment suppressed the proliferation
of TNBC cells. Further molecular investigations revealed that
chidamide upregulated the expression of miR-33a-5p, which
targeted LDHA and suppressed the glucose metabolism
of TNBC cells. The results also demonstrated the possible
functional mechanism of chidamide in inhibiting the growth
of TNBC, which may be considered as a promising drug in the
treatment of patients with TNBC.

Materials and methods

Clinical cancer tissues and cell lines. A total of 20 paired
TNBC tissues and adjacent normal tissues were collected
from patients with TNBC who had undergone surgical resec-
tion at Beijing Chaoyang Hospital between April 2013 and
August 2014 (age: 29-66 years old; all patients were female and
diagnosed with TNBC). The tissue samples were confirmed by
three pathologists independently. None of these patients had
received treatment prior to surgery. Written informed consent
was obtained from all of participants prior to tissue collection.
The samples were maintained at -80°C until subsequent use.
The Ethics Committee of The Affiliated Hospital of Capital
Medical University (Beijing, China) approved the present study.

The MDA-MB-231 and BT-20 TNBC cell lines were
purchased from American Type Culture Collection. The cells
were cultured in RPMI-1640 medium containing 10% fetal
bovine serum (FBS; Thermo Fisher Scientific, Inc.) and were
maintained at 37°C in a humidified atmosphere with 5% CO,.
For transfection, 20 yM miRNA was transfected into the
TNBC cells using Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.).

Cell proliferation assay. The MDA-MB-231 and BT-20 cells
were seeded into 96-well plates with 2,000 cells per well in
100 pl of medium. After 24 h, the cells were treated with
increasing concentrations (0, 5, 20, 40, 80, 160 and 320 nM)
of chidamide for 24, 48 and 72 h at 37°C, respectively. To
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measure cell proliferation under different concentrations
of chidamide, 20 ul of Cell Counting Kit (CCK)-8 reagent
(Beyotime Institute of Biotechnology) was added to the cells
and incubated at 37°C for 3 h. The absorbance of each well was
measured at 450 nm with a microplate reader.

In vitro colony formation. A total of 3,000 cells/well were
cultured in a 6-well plate with RPMI-1640 medium and treated
with or without 80 nM chidamide at the indicated concentra-
tion. Following incubation for 10 days at 37°C, the medium
was discarded and the cells were washed twice with PBS. The
colonies were first fixed with 4% of paraformaldehyde at room
temperature for 15 min and then stained with 1% crystal violet
for 10 min at room temperature. The colonies were washed
with PBS and counted via light microscopy.

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis. RNA extrac-
tion fromthetissues or cells was performed using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). The concentration
of RNA was evaluated using the NanoDrop 2000 instrument
(Thermo Fisher Scientific, Inc.). The RNA was first reverse
transcribed into cDNA using the first-strand cDNA synthesis
kit (Takara Biotechnology Co., Ltd.) with following the condi-
tions: 25°C for 5 min; 42°C for 20 min and 95°C for 1 min.
gPCR of the miR-33a-5p was conducted with SYBR Super
mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) on
the 7900 Fast Real-Time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The expression of GAPDH was
detected as the endogenous control. The thermocycling condi-
tions were as follows: 95°C for 10 min, followed by 40 cycles
at 95°C for 15 sec and 60°C for 1 min.

Targets prediction. The targets of miR-33a-5p were predicted
using the TargetScan database (http://www.targetscan.
org/vert_72/). Input ‘miR-33a-5p’ in the ‘Enter a microRNA
name’ box and the targets were displayed following submission.

Luciferase reporter assay. The TNBC cells (10,000 per
well) were cultured in 24-well plates and co-transfected with
20 nM miR-33a-5p mimics (5'-GUGCAUUGUAGUUGC
AUUGCA) or mimic control miRNA (5'-UUUGUACUACAC
AAAAGUACUG) (Guangzhou RiboBio Co., Ltd.) and 250 ng
luciferase reporter vector (Promega Corporation) containing
the wild-type or mutant 3'-UTR of LDHA. Transfection
was performed with Lipofectamine 2000™ (Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
Following transfection for 48 h, the cells were harvested
and the luciferase reporter activity was measured using
a Dual-Luciferase Assay kit (Promega Corporation) and
normalized to Renilla luciferase activity. The experiment was
performed in triplicate.

Western blot analysis. The MDA-MB-231 and BT-20 cells
were collected and lysed with RIPA lysis buffer containing the
protease inhibitor PMSF (Beyotime Institute of Biotechnology).
The protein concentration was determined using a BCA assay
(Beyotime Institute of Biotechnology). A total of 20 ug of
protein was loaded into 15% SDS-PAGE and then transferred
onto polyvinylidene fluoride membranes (EMD Millipore).
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Figure 1. Chidamide suppresses the growth of TNBC cells. (A) MDA-MB-231 and (B) BT-20 cells were treated with increasing doses of chidamide for the 24,
48 and 72 h. Data were obtained from three independent experiments (n=3). (C) Colony formation of TNBC cells with or without chidamide exposure (n=3).
Left-hand panel, representative image of the colonies (magnification, x40); right-hand panel, quantitative data of the colony numbers in each group. ““P<0.001,
chidamide vs. Mock control. (D) Invasion of TNBC cells following treatment with chidamide was evaluated using a Transwell assay (n=3). Left-hand panel,
representative image of the invasion of TNBC cells (magnification, x40); right-hand panel, quantitative data of the invasion numbers in each group. ““P<0.001,

Chidamide vs. Mock control. TNBC, triple-negative breast cancer.

The membrane was first blocked with 5% non-fat milk at room
temperature (RT) for 1 h and then incubated with the primary
antibody overnight at 4°C. Subsequently, the membrane was
incubated with a secondary antibody conjugated to horseradish
peroxidase (HRP) at RT for 1 h and the protein bands were visu-
alized with an ECL detection kit (Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions. The antibodies
used in the present study included anti-LDHA (1:2,000 dilution;
cat. no. 2012; Cell Signaling Technology, Inc.), anti-GAPDH
(1:2,000 dilution; cat. no. 5174; Cell Signaling Technology, Inc.)
and HRP-conjugated secondary antibody (1:10,000 dilution;
cat. no. ZDR 5306; OriGene Technologies, Inc.).

Statistical analysis. The data are expressed as the
mean + standard deviation. Statistical significance was

analyzed using Student's t-test or one-way analysis of variance
followed by Tukey's post hoc test. Statistical analyses were
performed using SPSS 13.0 software (SPSS, Inc.). P<0.05 was
considered to indicate a statistically significant difference.

Results

Chidamide treatment suppresses the growth of TNBC cells.
To evaluate the effect of chidamide on the growth of TNBC
cells, the MDA-MB-231 and BT-20 cells were treated with an
increasing concentrations of chidamide for 24, 48 and 72 h,
respectively. Cell proliferation was measured using a CCK-8
assay. As shown in Fig. 1A and B, chidamide significantly
decreased the proliferation of MDA-MB-231 and BT-20 cells in
a dose- and time-dependent manner. To further confirm these
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results, the influence of chidamide on the growth of TNBC
cells was evaluated via an in vitro colony formation assay. The
results indicated that chidamide treatment suppressed colony
formation of the MDA-MB-231 and BT-20 cells (Fig. 1C).
Additionally, the inhibitory effect of chidamide on the progres-
sion of TNBC cells was investigated using a cell invasion assay,
which revealed that exposure to chidamide significantly attenu-
ated the invasion of MDA-MB-231 and BT-20 cells (Fig. 1D).
Collectively, these results demonstrated that chidamide
treatment negatively regulated the growth of TNBC cells.

Chidamide upregulates the expression of miR-33a-5p in
TNBC cells. Considering the significant suppressive effect
of chidamide on the growth of TNBC cells, the possible
underlying molecular mechanisms mediating the inhibi-
tory function of chidamide were further investigated. An
increasing body of evidence has suggested that miRNAs serve
important roles in modulating drug sensitivity and cancer
cell growth. To evaluate whether miRNAs are involved in
chidamide-mediated cell growth inhibition in TNBC cells,
our previous study screened the expression of miRNAs with
MDA-MB-231 cells that were treated with chidamide. The
data indicated that the expression level of miR-33a-5p was
significantly increased the most with exposure to chidamide
(Table SI). The present study confirmed this observation via
the incubation of MDA-MB-231 and BT-20 cells with an
increasing dose of chidamide, and the levels of miR-33a-5p
were detected by RT-qPCR analysis. As presented in Fig. 2A,
chidamide treatment significantly upregulated the expres-
sion of miR-33a-5p in a dose-dependent manner. To support
this result, the expression of miR-33a-5p in TNBC cell
lines and tissues was detected. The results revealed that the
level of miR-33a-5p was decreased in the TNBC cell lines
compared with that in the normal MCF-10A cells (Fig. 2B).
Consistent with this, the expression of miR-33a-5p in TNBC
tissues was significantly reduced compared with that in the
paired adjacent normal tissues (Fig. 2C). The decreased
expression of miR-33a-5p suggested the potential involve-
ment of miR-33a-5p in the development of TNBC. To obtain
further evidence, the MDA-MB-231 and BT-20 cells were
transfected with miR-33a-5p mimics or control miRNA.
The ectopic expression of miR-33a-5p was confirmed
using an RT-qPCR assay (Fig. 2D). The proliferation of
MDA-MB-231 and BT-20 cells was then detected using a
CCK-8 assay. The results indicated that the overexpression of
miR-33a-5p significantly decreased the proliferation rate of
the TNBC cells (Fig. 2E and F). Consistently, transfection of
the MDA-MB-231 and BT-20 cells with miR-33a-5p signifi-
cantly inhibited colony formation and cell invasion (Fig. 2G
and H). To further confirm the regulation of miR-33a-5p on
the growth of TNBC cells, the MDA-MB-231 and BT-20
cells were transfected with miR-33a-5p inhibitor to deplete
the expression of miR-33a-5p (Fig. S1A). The CCK-8 assay
revealed that the knockdown of miR-33a-5p significantly
promoted the proliferation of TNBC cells (Fig. S1B and C).
Consistently, the downregulation of miR-33a-5p enhanced
the colony formation and invasion of the MDA-MB-231 and
BT-20 cells (Fig. SID and E). These results were suggestive of
the tumor suppressive function of miR-33a-5p in the progres-
sion of TNBC.
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miR-33a-5p targets LDHA in TNBC cells. To further under-
stand the functional mechanisms by which miR-33a-5p
modulated the growth of TNBC cells, the downstream
targets of miR-33a-5p were predicted using the TargetScan
database. Notably, LDHA was predicted as the putative
downstream target of miR-33a-5p. The binding sites of
miR-33a-5p at the 3'-UTR of LDHA are presented in Fig. 3A.
To confirm the prediction, the MDA-MB-231 and BT-20
cells were co-transfected with miR-33a-5p mimics or control
miRNA and a luciferase reporter vector containing the
wild-type or mutant 3'-UTR of LDHA. The results revealed
that transfection with miR-33a-5p significantly decreased
the luciferase activity of the wild-type, but not the mutant,
3'-UTR of LDHA (Fig. 3B and C). To investigate whether
the binding between miR-33a-5p with the 3'-UTR of LDHA
affected the mRNA stability of LDHA, the MDA-MB-231
and BT-20 cells were transfected with miR-33a-5p mimics
or control miRNA and the mRNA levels of LDHA were
detected by RT-qPCR analysis. The results demonstrated that
the overexpression of miR-33a-5p significantly decreased
the mRNA expression of LDHA in the MDA-MB-231 and
BT-20 cells (Fig. 3D). Additionally, to further characterize
the importance of the binding between miR-33a-5p and the
3'-UTR of LDHA, nucleotides in miR-33a-5p were mutated.
The results showed that mutated miR-33a-5p lost its ability
to bind to the 3'-UTR of LDHA compared with the wild-type
miR-33a-5p (Fig. S2A). Additionally, the expression of LDHA
was unchanged by transfection with mutated miR-33a-5p in
TNBC cells (Fig. S2B). To further characterize the nega-
tive regulation of miR-33a-5p on LDHA, the protein level
of LDHA with ectopic expression of miR-33a-5p was also
examined by western blotting. As shown in Fig. 3E, compared
with the control group, a high expression of miR-33a-5p
reduced the protein level of LDHA in the MDA-MB-231
and BT-20 cells. To further confirm the negative regulation
of miR-33a-5p on the expression of LDHA, the expression
of LDHA was detected in TNBC cells transfected with
miR-33a-5p inhibitor. The results showed that the downregu-
lation of miR-33a-5p increased the expression of LDHA at
the mRNA and protein levels (Fig. 3F and G). These results
demonstrated that miR-33a-5p bound the 3'-UTR of LDHA
and suppressed the expression of LDHA in TNBC cells.

Chidamide reduces the glycolysis of TNBC cells. LDHA is an
essential enzyme in the glycolysis of cancer cells. As overex-
pression suppressed the expression of LDHA in TNBC cells, to
detect whether the aberrant expression of miR-33a-5p affected
the glucose metabolism of TNBC cells, the MDA-MB-231
and BT-20 cells were transfected with miR-33a-5p mimics
or control miRNA and glycolysis was evaluated. The results
demonstrated that the ectopic expression of miR-33a-5p
significantly decreased glucose uptake and lactate production
in the MDA-MB-231 and BT-20 cells (Fig. 4A and B), which
indicated that the overexpression of miR-33a-5p suppressed
the glycolysis of TNBC cells.

As chidamide upregulated the expression of miR-33a-5p in
TNBC cells, to further analyze the effect of chidamide on the
glycolysis of TNBC cells, the MDA-MB-231 and BT-20 cells
were treated with increasing concentrations of chidamide and
the mRNA and protein levels of LDHA were examined by
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Figure 2. Chidamide upregulates the expression of miR-33a-5p in TNBC cells. (A) MDA-MB-231 and BT-20 cells were treated with increasing concentrations
of chidamide for 48 h and the expression of miR-33a-5p was determined by RT-qPCR analysis (n=3). ‘P<0.05, “P<0.01, ""P<0.001, chidamide (20, 40, 80 and
160 nM) vs. Mock control (0 nM). (B) Expression levels of miR-33a-5p in normal breast cells (MCF-10A) and different breast cancer cell lines were compared
(n=3). "P<0.05; “*P<0.001, compared with the expression of miR-33a-5p in MCF-10A. (C) Level of miR-33a-5p in 20 paired TNBC tissues and adjacent
normal tissues were detected by RT-qPCR analysis. The mean values for the expression of miR-33a-5p in TNBC tissue and normal tissues are shown in the
right-hand panel. “P<0.01 TNBC tissues vs. Adjacent normal tissues. (D) MDA-MB-231 and BT-20 cells were transfected with miR-33a-5p mimics or control
miRNA and the ectopic expression of miR-33a-5p was determined via RT-gPCR analysis (n=3). “"P<0.001, miR-33a-5p mimics vs. control miRNA group.
Proliferation of (E) MDA-MB-231 and (F) BT-20 cells transfected with miR-33a-5p or control miRNA was detected using a Cell Counting Kit-8 assay (n=3).
“P<0.01 miR-33a-5p mimics vs. control miRNA group. Overexpression of miR-33a-5p inhibited (G) colony formation and (H) cell invasion (n=3). ““P<0.001
miR-33a-5p mimics vs. control miRNA group. TNBC, triple-negative breast cancer; RT-qPCR, reverse transcription-quantitative polymerase chain reaction;
miR, microRNA.

RT-qPCR analysis and western blotting, respectively. The results  also measured glucose consumption and lactate generation by
revealed that exposure to chidamide decreased the levels of  treating MDA-MB-231 and BT-20 cells with chidamide. The
LDHA in these two cell lines (Fig. 4C and D). The present study  results suggested that chidamide significantly reduced glucose
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Figure 3. miR-33a-5p targets LDHA in TNBC cells. (A) Putative binding sites of miR-33a-5p at the 3'-UTR of LDHA were predicted. Luciferase reporter
assay with MDA-MB-231 or BT-20 cells that were administered the (B) wild-type or (C) mutant 3'-UTR of LDHA in the presence of miR-33a-5p mimics
(n=3). ""P<0.001, miR-33a-5p mimics vs. control miRNA. (D) mRNAs level of LDHA in TNBC cells expressing control miRNA or miR-33a-5p mimics were
determined by RT-qPCR analysis (n=3). “"P<0.001, miR-33a-5p mimics vs. control miRNA. (E) Protein levels of LDHA in MDA-MB-231 and BT-20 cells
harboring control miRNA or miR-33a-5p were evaluated by western blot analysis with anti-LDHA antibody (n=3). The expression of GAPDH was also
detected as the loading control. MDA-MB-231 and BT-20 cells were transfected with negative control miRNA or miR-33a-5p inhibitor, and the (F) mRNA and
(G) protein levels of LDHA were detected (n=3). ““P<0.001 miR-33a-5p inhibitor vs. negative control miRNA. TNBC, triple-negative breast cancer; RT-qPCR,
reverse transcription-quantitative polymerase chain reaction; miR/miRNA, microRNA; LDHA, lactate dehydrogenase A; UTR, untranslated region.

uptake and lactate production in TNBC cells (Fig. 4E and F).
These results demonstrated that chidamide upregulated
miR-33a-5p, which consequently decreased the expression of
LDHA and resulted in defects in the glycolysis of TNBC cells.

Discussion

Patients with TNBC respond poorly to the currently avail-
able chemotherapeutic strategies, which indicates the need
for novel, efficient treatments to improve the outcomes for
these patients. Due to the critical involvement of epigen-
etic modifications in modulating gene expression and cell

growth, targeting enzymes that mediate epigenetic changes
have been reported to suppress the progression of cancer.
The promising anticancer effect of HDAC has emerged in a
recent study (38). In the present study, exposure to chidamide
significantly decreased the proliferation of TNBC cells by
modulating the glycolysis of TNBC cells, which highlights
the potential application of chidamide in the treatment of
TNBC.

Chidamide has been identified as a class I HDACI, which
was generated and has been approved for use in clinical
practice in China (39,40). Previous studies revealed that
chidamide treatment led to defects in the growth of a variety
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Figure 4. Chidamide inhibits the glycolysis of TNBC cells. MDA-MB-231 and BT-20 cells were transfected with miR-33a-5p mimics or control miRNA, and
the (A) glucose uptake and (B) lactate production were measured (n=3). ““P<0.001 miR-33a-5p mimics vs. control miRNA. The TNBC cells were treated
with an increasing dose of chidamide and the (C) mRNA and (D) protein levels of LDHA were detected (n=3). "P<0.05, ““P<0.001, chidamide (20, 40, 80 and
160 nM) vs. Mock control (0 nM). (E) Glucose consumption and (F) lactate generation of MDA-MB-231 and BT-20 cells exposed to chidamide were examined
(n=3). ""P<0.001, chidamide vs. Mock control. TNBC, triple-negative breast cancer; miR/miRNA, microRNA; LDHA, lactate dehydrogenase A.

of cancer cells. For example, chidamide reduced proliferation
and induced apoptosis in NK/T lymphoma cells by regulating
the serine/threonine kinase-checkpoint kinase 2-p53-p21
signaling pathway (23). The inhibitory effect of chidamide
was also observed in blastic plasmacytoid dendritic cell
neoplasia (41). However, to the best of our knowledge, the
function of chidamide in breast cancer, particularly in TNBC,
has not been illustrated. In the present study, MDA-MB-231
and BT-20 cells were treated with chidamide and the results
revealed that chidamide suppressed the proliferation, colony
formation and migration of the TNBC cells. Further in vivo
experiments may elucidate the growth inhibitory role of
chidamide in TNBC. Additionally, it would be of interest to
examine whether chidamide also reduces the progression of
non-TNBC breast cancer cells.

An increasing body of evidence has suggested the
critical involvement of miRNAs in the development of human
cancer (42,43). In the present study, the results demonstrated
that miR-33a-5p was upregulated following chidamide treat-
ment in TNBC cells. Previous studies demonstrated that the
expression of miR-33a-5p was decreased, and inhibited the
proliferation of lung adenocarcinoma cells and osteosarcoma
cells (36,44). In the present study, the overexpression of
miR-33a-5p inhibited the proliferation of MDA-MB-231 and
BT-20 cells. Further molecular investigations revealed that
miR-33a-5p targeted LDHA and suppressed the expression
of LHDA in TNBC cells. Consistent with the upregulation of
miR-33a-5p, exposure to chidamide significantly decreased
the levels of LDHA, which consequently suppressed the
glycolysis of TNBC cells. A previous study indicated the over-
expression of LDHA in TNBC tissues (45). It is noteworthy
that miR-33a-5p was also observed to inhibit the glycolysis
of melanoma by targeting hypoxia-inducible factor-1a, and
the defects in glycolysis caused by the overexpression of
miR-33a-5p conferred radiosensitivity to melanoma cells (37).

These results demonstrate that miR-33a-5p is a novel regu-
lator of glucose metabolism by modulating the expression of
enzymes that are essential for the glycolysis of cancer cells. It
will be useful to examine whether the negative regulation of
miR-33a-5p and chidamide on glucose metabolism also occurs
in other types of cancer. Additionally, other miRNAs that may
be involved in the anticancer effect of chidamide warrant
further investigation. There were several limitations of the
present study that require further improvements. For example,
most of the results were obtained from in vitro experiments,
indicating the need for in vivo experiments to further vali-
date the effects of chidamide on the growth of TNBC cells.
It may also be necessary to investigate the involvement of
miRNAs other than miR-33a-5p in the suppressive function of
chidamide in the progression of TNBC. The complete molec-
ular mechanism by which chidamide regulates the expression
of miR-33a-5p in TNBC cells remains to be fully elucidated.
In conclusion, the results of the present study revealed that
chidamide inhibited the proliferation of TNBC cells, likely
by upregulating the expression of miR-33a-5p. A high expres-
sion of miR-33a-5p decreased the expression of LDHA and
suppressed the glycolysis of TNBC cells. These data indicate a
possible mechanism by which chidamide inhibited the growth
of TNBS cells, which suggests the potential application of
chidamide in the treatment of patients with TNBC.
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