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Abstract. Triple‑negative breast cancer (TNBC) cells obtain 
energy mainly through aerobic glycolysis, and their glycolytic 
rate is significantly higher compared with that of non‑TNBC 
cells. Glucose transporter 1 (GLUT1) is a transmembrane 
transporter necessary for the entry of glucose into tumor 
cells, hexokinase (HK) is a key enzyme in the glycolytic 
pathway, and both are targets of the transcription factor 
c‑Myc. c‑Myc can promote aerobic glycolysis by upregulating 
GLUT1 expression and enhancing HK activity. c‑Myc and 
GLUT1 are highly expressed in TNBC. The non‑steroidal 
anti‑inflammatory drug diclofenac can inhibit glycolysis in 
melanoma cells and thereby promote apoptosis by downregu‑
lating c‑Myc and GLUT1. To explore the effect of diclofenac 
on the energy metabolism of TNBC cells and determine the 
underlying mechanism, a comparative study in two TNBC cell 
lines (MDA‑MB‑231 and HCC1937) and one non‑TNBC cell 
line (MCF‑7) was conducted. Cell proliferation was detected 
by Cell Counting Kit‑8 (CCK‑8) and flow cytometric assays; 
GLUT1 and c‑Myc expression was measured by western 
blotting. Diclofenac significantly inhibited cell proliferation, 
downregulated GLUT1 and c‑Myc expression, and decreased 
HK activity in TNBC cells compared with non‑TNBC cells. In 
conclusion, the studies suggested that diclofenac inhibited cell 
glycolysis and suppressed TNBC cell growth by decreasing 

GLUT1 protein expression and HK activity through the c‑Myc 
pathway.

Introduction

Breast cancer is one of the most common malignant tumours 
in female patients, with an annually increasing trend. In addi‑
tion, breast cancer is a heterogeneous disease with multiple 
subtypes; triple‑negative breast cancer (TNBC) accounts for 
15‑20% of cases, worldwide (1). The typical characteristics 
of TNBC are the absence of oestrogen receptor (ER), proges‑
terone receptor and human epidermal growth factor receptor 
2 expression (1). TNBC is highly invasive, has a poor clinical 
prognosis and rapidly recurs (2,3). Consequently, it is neces‑
sary to further explore the biological characteristics of TNBC 
and then identify novel, effective and safe antitumor drugs to 
improve the survival rate of patients.

At present, the treatment for TNBC is still radiotherapy 
and chemotherapy, which is due to the lack of reliable specific 
targets to develop targeted drugs (2,4). The reprogramming of 
energy metabolism can be used as a sign of the physiology 
of several cancer types, including TNBC (5). In normal cells, 
most pyruvate enters mitochondria and is oxidized through the 
tricarboxylic acid cycle to produce adenosine triphosphate and 
meet the energy needs of the cell. However, in cancer cells, 
most pyruvate is reduced to lactic acid by lactate dehydroge‑
nase rather than entering the mitochondria. This process is 
called ‘aerobic glycolysis’ and is referred to as the ‘Warburg 
effect’ (6). Like most cancer cells, breast cancer cells also have 
abnormal glucose metabolism with high glucose absorption 
and glycolysis rates (7).

Glucose transporters (GLUTs) are transmembrane 
transporters that are necessary for the entry of glucose into 
cells (8). Fourteen types of GLUTs are expressed in humans. 
GLUT1, GLUT2, GLUT3, GLUT4, GLUT5 and GLUT12 
have been successively identified in breast cancer (9‑12). As 
the most invasive breast cancer subtype, TNBC exhibits higher 
levels of GLUT1 compared with other subtypes of breast 
cancer; however, diclofenac can significantly decrease GLUT1 
expression and glucose uptake (13). In addition, c‑Myc is a 
driving factor of glucose uptake and aerobic glycolysis (14,15). 
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The most recent research shows that diclofenac can control 
glycolysis in melanoma cells by inhibiting c‑Myc, down‑
regulating the expression of GLUT1 and suppressing glucose 
metabolism (16). In addition, hexokinase (HK) participates 
in the first step of glycolysis as the key rate‑limiting enzyme. 
Therefore, the decrease in HK expression and activity can 
inhibit glycolysis. Studies have shown that HK is also a target 
of c‑Myc (17,18).

Recently, a team found that compared with other types 
of breast cancer cells, TNBC cells have a unique molecular 
mechanism; the high levels of c‑Myc and low levels of 
TXNIP in TNBC can promote cancer cell proliferation. High 
c‑Myc/low TXNIP gene expression is associated with a lower 
overall survival and metastasis‑free survival rates of patients 
with TNBC. Furthermore, c‑Myc and TXNIP can compete 
with each other; c‑Myc promotes glucose uptake and its use 
in tumor cells to maintain proliferation, while TXNIP does 
the opposite (2). Based on these results, diclofenac is expected 
to inhibit c‑Myc transcription and downregulate GLUT1 
expression, subsequently suppressing glycolysis and inducing 
apoptosis in TNBC cells.

To verify this hypothesis, the present study investigated 
the effects of diclofenac on aerobic glycolysis in TNBC 
by establishing cell models with human TNBC cell lines 
(MDA‑MB‑231 and HCC1937) and a non‑TNBC cell line 
(MCF‑7). After the cells were treated with diclofenac 
for 24 and 48 h, the effects of diclofenac were evaluated, 
including alterations in cell proliferation and apoptosis, using 
Cell Counting Kit‑8 (CCK‑8) and flow cytometric assays. 
In addition, the expression levels of GLUT1 and c‑Myc 
were analysed by western blotting to further elucidate the 
underlying mechanism by which diclofenac inhibits TNBC 
cell proliferation and induces TNBC cell apoptosis.

Materials and methods

Cells and cell culture. TNBC cell lines (MDA‑MB‑231 and 
HCC1937) and a non‑TNBC cell line (MCF‑7) were purchased 
from the The Cell Bank of Type Culture Collection of The 
Chinese Academy of Sciences (Shanghai, China). The cryovials 
containing the frozen cells were removed from liquid nitrogen 
storage and immediately placed into a 37˚C water bath. Then, 
complete growth medium, consisting of DMEM (Thermo 
Fisher Scientific, Inc.) supplemented with 10% (v/v) fetal 
bovine serum (Biological Industries Israel Beit Haemek Ltd.) 
and 1% (v/v) penicillin‑streptomycin (Beijing Solarbio Science 
& Technology Co., Ltd.), was added to resuspend the cells, and 
the suspension was centrifuged at ~300 x g for 5‑10 min at 
37˚C. The supernatant was decanted, and the cells were gently 
resuspended in 5 ml of complete growth medium. Then, the 
cells were transferred into a culture flask and incubated at 
37˚C in 5% CO2.

Assessment of cell proliferation. The concentration of the three 
cell suspensions was adjusted to 5x104 cells/ml, and 100 µl of 
each suspension was added to 96‑well plates and cultured in an 
incubator at 37˚C and 5% CO2. Cells were treated with diclof‑
enac (Sigma‑Aldrich; Merck KGaA) at the concentrations of 
0, 0.2, 0.4, 0.8 mM for 24, 48, 72, 96, 120 h. Then, cells were 
incubated at 37˚C and 5% CO2 for another 2 h, following the 

addition of CCK‑8 (Beyotime Institute of Biotechnology) at 
5 time points. After brief shaking, the absorbance values at 
450 nm were immediately measured using a microplate reader.

Assessment of apoptosis. The three cell lines were treated with 
0, 0.2, 0.4 and 0.8 mM diclofenac for 24 and 48 h and were then 
stained with 5 µl of Annexin‑V‑Fluorescein Isothiocyanate 
(Annexin‑V‑FITC) and 10 µl of Propidium Iodide (PI) (both 
obtained from BD Biosciences) according to the manufac‑
turer's instructions. The number of sample cells was 1x105. 
Before the assay, three groups of negative control samples, 
including blank, Annexin V‑FITC‑stained and PI‑stained, 
were analysed; this was repeated 3 times. Flow cytometric 
analyses were performed with a Fluorescence activated Cell 
Sorting (FACS) Calibur (BD Biosciences) using BD Cell 
Quest Pro 5.1 software for data acquisition and analysis.

Measurement of HK activity. Cells in logarithmic growth 
phase were inoculated in 6‑well plates at 2.5x106 cells/well and 
were then incubated overnight with diclofenac (0, 0.2, 0.4 and 
0.8 mM) at 37˚C in 5% CO2. For the detection of HK activity, 
each group was cultured for both 24 and 48 h. Detection was 
performed with a Hexokinase Activity Detection kit (Beijing 
Solarbio Science & Technology Co., Ltd.) according to the 
manufacturer's instructions. The reagents were mixed in 
proportional amounts into the solution and preheated at 37˚C 
for 10 min. The absorbance values at 340 nm at 20 sec (A1) 
after sample addition and 5 min after water bath immersion 
(A2) were measured in a spectrophotometer (Thermo Fisher 
Scientific, Inc.). These data were input into the formula 
HK(U/104 cell)=[ΔAxV total/(εxd)x109]÷(500xV sample/V 
sample total)/T=2.572xΔA (ΔA=A2‑A1; V Total, total volume 
of reaction system, 2x10‑4 l; ε, NADPH molar extinction 
coefficient, 6.22x103 l/mol/cm; d, 96‑well plate optical path, 
0.5 cm; V sample, sample volume 0.01 ml; V sample total, 
extract volume 1 ml; T, reaction time 5 min) to calculate HK 
activity. U is defined as 1 nmol of NADPH produced per 
minute per 10,000 bacteria or cells, and is considered to be an 
enzyme activity unit.

Western blot analysis. The three cell lines were treated with 
0, 0.4 and 0.8 mM diclofenac for 24 and 48 h, washed twice 
with cold phosphate buffer saline (PBS) after collection, and 
lysed with radio immunoprecipitation assay (RIPA) buffer 
(Beyotime Institute of Biotechnology). Then, the lysates were 
centrifuged at 12,000 x g and 4˚C for 30 min. The supernatant 
was collected, and sodium dodecyl sulphate‑polyacrylamide 
gel electrophoresis (SDS‑PAGE) sample loading buffer 
(Beyotime Institute of Biotechnology) was added at a 
buffer:lysate ratio of 1:4, and proteins were denatured in a 
thermal cycler at 100˚C for 10 min. The protein concentration 
was determined using a BCA Protein Assay kit (cat. no. 23227; 
Thermo Fisher Scientific, Inc.). The proteins (30 µg per lane) 
were separated on a denaturing 12% SDS‑PAGE gel and 
transferred to a polyvinylidene fluoride (PVDF) membrane 
for western blotting. The membrane was sequentially probed 
with antibodies against GLUT1 (1:1,000; cat. no. 12939; Cell 
Signaling Technologies, Inc.), MYC (1:1,000; cat. no. 9402; 
Cell Signaling Technologies, Inc.), and β‑actin (1:1,000; 
cat. no. 3700; Cell Signaling Technologies, Inc.) diluted by 
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Primary Antibody Dilution buffer (Beyotime Institute of 
Biotechnology). After incubation with the primary antibodies, 
the membrane was washed 3 times for 5 min by tris‑buffered 
saline with 0.1% tween20 (TBST) and was then incubated 
with the secondary antibody (1:15,000; IRDye® 800CW Goat 
anti‑Rabbit IgG Secondary Antibody cat. no. 926‑32211; 
IRDye® 800CW Goat anti‑Mouse IgG Secondary Antibody 
cat. no. 926‑32210; LI‑COR Biosciences) for 2 h. Protein 
bands were visualized using Odyssey Infrared Imaging 
System (LI‑COR Biosciences). Finally, the greyscale values of 
the protein bands were determined by Image Studio Lite 5.2.5 
(LI‑COR Biosciences).

Statistical analysis. All results are presented as the 
means ± standard deviations and were analysed with 
SPSS 17.0 statistical software (SPSS, Inc.). Statistical analysis 
was performed with one‑way ANOVA with post hoc contrasts 
by Bonferroni's test. P≤0.05 was considered to indicate a 
statistically significant difference. The experiments were 
performed in triplicate.

Results

Diclofenac inhibits breast cancer cell proliferation in vitro. 
The addition of diclofenac, a member of the arylacetic acid 
group of non‑steroidal anti‑inflammatory drugs (NSAIDs), 
at clinically relevant concentrations (see http://www.drugs.
com/pro/diclofenac.html) led to significant effects on TNBC 
cell lines starting at concentrations as low as 0.2 mM.

Compared with the non‑medicated control group, the 
proliferation of breast cancer cells was inhibited after diclof‑
enac was added for 24 h. The higher the concentration and 
the longer the treatment time, the more notable the inhibitory 
effect was (Fig. 1A‑C). Interestingly, the inhibitory effect 
of diclofenac on the TNBC cell lines (MDA‑MB‑231 and 
HCC1937) was stronger compared with that of the non‑TNBC 
cell line MCF‑7 (Fig. 1A and B).

Diclofenac induces TNBC cell apoptosis in vitro. The 
TNBC cell lines (MDA‑MB‑231 and HCC1937) and the 
non‑TNBC cell line (MCF‑7) were treated with diclofenac at 
concentrations of 0.2, 0.4 and 0.8 mM for 24 and 48 h, and 
apoptosis was then assessed by flow cytometry. Compared 
with that of the corresponding untreated control cells, the 
apoptosis rate of the TNBC cell lines (MDA‑MB‑231 and 
HCC1937) was significantly increased. The increase in the 
apoptosis rate was most pronounced in the diclofenac‑treated 
group at 0.4 and 0.8 mM (Fig. 2A and B). Cells treated 
with the same drug concentration for 48 h exhibited higher 
apoptosis rates than the corresponding cells treated for 24 h 
(Fig. 2D). The results in Fig. 2A, B and D show that diclofenac 
induced apoptosis in the TNBC cell lines (MDA‑MB‑231 and 
HCC1937) in a dose‑ and time‑dependent manner. However, 
in the non‑TNBC cell line (MCF‑7), diclofenac did not show 
similar results (Fig. 2C).

Diclofenac inhibits HK activity in TNBC cells. To investigate 
the effect of diclofenac on glycolytic metabolism, the activity 
of HK was assessed. As shown in Fig. 3, after incubation 
with diclofenac for 24 and 48 h, the activity of HK was 

downregulated in a dose‑dependent manner in the TNBC 
cell lines (MDA‑MB‑231 and HCC1937). HK activity was 
most significantly downregulated under treatments with 0.4 
and 0.8 mM diclofenac. However, no difference was observed 
in HK activity in the non‑TNBC cell line (MCF‑7) groups 
compared with the corresponding control groups.

Effect of diclofenac on the protein expression levels of 
c‑Myc and GLUT1. To study the effect of diclofenac on the 
relative expression levels of GLUT1 and c‑Myc, TNBC cells 
(MDA‑MB‑231 and HCC1937) and non‑TNBC cells (MCF‑7) 
were exposed to diclofenac (0, 0.4 and 0.8 mM) for 24 and 
48 h, and the protein expression levels of GLUT1 and c‑Myc 
were measured by western blotting. As shown in Fig. 4, after 
incubation with diclofenac for 24 and 48 h, the protein expres‑
sion levels of both c‑Myc and GLUT1 were decreased in a 
dose‑ and time‑dependent manner in the TNBC cell lines 
(MDA‑MB‑231 and HCC1937). The protein expression levels 
of c‑Myc and GLUT1 were most significantly decreased under 
treatment with 0.4 and 0.8 mM diclofenac. In the non‑TNBC 
cell line (MCF‑7) groups, although the protein expression levels 
of c‑Myc and GLUT1 were decreased in a time‑dependent 
manner, the differences were not significant.

Discussion

TNBC is a unique subtype of breast cancer with a 5‑year 
survival rate of <80%, and most commonly occurs in young 
premenopausal patients. TNBC is highly invasive and has 
a higher incidence of distant metastases compared with 
non‑TNBC subtypes (19); thus, its prognosis is poor, but 
targeted therapies are lacking. Compared with ER‑positive 
cells, TNBC cells possess unique metabolic characteristics: 
High glucose uptake, increased lactate production, and low 
mitochondrial respiration levels (20). These characteristics 
suggest that suppressing breast cancer cell proliferation by 
inhibiting the glycolytic pathway may be a novel therapeutic 
avenue for antitumor drugs.

NSAIDs have potent anticancer effects. Recent studies 
have attributed this effect of NSAIDs mainly to their role as 
COX inhibitors. Diclofenac is an old classic NSAID, which is 
mainly used for antipyretic, analgesic and anti‑inflammatory 
purposes in the clinic. The main side effects include damage 
of gastrointestinal mucosa, myocardial infarction ad hyperten‑
sion (21,22). Recent studies showed that diclofenac can inhibit 
the cell proliferation by targeting Myc and lactate transport, 
but the non‑selective COX inhibitor aspirin did not have this 
effect (16).

In the present study, TNBC cell lines (MDA‑MB‑231 and 
HCC1937) and a non‑TNBC cell line (MCF‑7) were treated 
with different concentrations of diclofenac and assessed their 
proliferation and apoptosis. Diclofenac significantly inhibited 
the proliferation of TNBC cells (Fig. 1A and B) and promoted 
apoptosis. Interestingly, the effect of diclofenac on the prolif‑
eration and apoptosis of non‑TNBC cells was not obvious, 
suggesting that diclofenac may inhibit the proliferation 
and promote the apoptosis of TNBC cells through a unique 
mechanism.

Studies have demonstrated that glucose transport requires 
the participation of GLUT1 and that glucose molecules 
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Figure 1. In vitro effects of diclofenac on the proliferation of human breast cancer cell lines. The TNBC cell lines MDA‑MB‑231 (A) and HCC1937 (B) and 
the non‑TNBC cell line MCF‑7 (C) were incubated with different concentrations (0.2, 0.4 and 0.8 mM) of diclofenac, and proliferation was assessed at 5 time 
points. The results are presented as the mean ± SD of the results from 3 independent experiments. *P<0.05 vs. the control group. TNBC, triple‑negative 
breast cancer.
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Figure 2. Continued.
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rely mainly on GLUT1 to cross the lipid bilayer of the cell 
membrane along a concentration gradient (8,23). GLUT1 is 
very important in cancer‑specific metabolism (24). GLUT1 
is highly expressed in several malignancies and plays an 
important role in mediating the Warburg effect in these 

malignancies (25,26). As the most aggressive breast cancer, 
TNBC exhibits a higher GLUT1 expression level compared 
with other subtypes (13). The present study demonstrated that 
the protein expression levels of GLUT1 in TNBC cells were 
significantly higher compared with those in non‑TNBC cells 

Figure 3. Effect of diclofenac on HK activity in human breast cancer cells. TNBC cells (MDA‑MB‑231 and HCC1937) and non‑TNBC cells (MCF‑7) were 
incubated with increasing concentrations of diclofenac, and HK activity was measured after 24 and 48 h. The data are presented as the means ± SD (n=3). 
*P<0.05 vs. the control group at the same time point. #P<0.05 vs. the same group at different time points. HK, hexokinase; TNBC, triple‑negative breast cancer.

Figure 2. Effect of different concentrations of diclofenac on the apoptosis of breast cancer cells. After incubation with diclofenac (0, 0.2, 0.4 and 0.8 mM) for 
24 and 48 h, the percentage of apoptotic TNBC MDA‑MB‑231 (A) and HCC1937 (B) cells increased in a dose‑ and time‑dependent manner (D). However, the 
non‑TNBC cell line MCF‑7 (C) did not exhibit this pattern. The data are presented as the means ± SD (n=3). *P<0.05 vs. the control group at the same time 
point. #P<0.05 vs. the same group at different time points. TNBC, triple‑negative breast cancer.
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Figure 4. Effect of diclofenac on the relative protein expression levels of c‑Myc and GLUT1. (A and C) The human breast cancer cell lines MCF‑7 and 
MDA‑MB‑231 and (B and C) MCF‑7 and HCC1937 were incubated with diclofenac (0, 0.4 and 0.8 mM) for 24 and 48 h, and the protein expression levels of 
c‑Myc and GLUT1 were measured by western blotting. All data are presented as the mean ± SD of the results from 3 independent experiments. *P<0.05 vs. the 
control group. #P<0.05 vs. the same group at different time points. GLUT1, glucose transporter 1.
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and that diclofenac downregulated GLUT1 protein expression. 
Moreover, this downregulating effect was stronger in TNBC 
cells compared with non‑TNBC cells. HK is a key rate‑limiting 
enzyme in the first step of glycolysis in tumor tissues, and its 
expression and activity increase significantly in tumor tissues 
to ensure a sufficient energy supply, even under anaerobic 
conditions. The expression of HK is upregulated in most malig‑
nant tumors because most malignant tumors prefer aerobic 
glycolysis. A recent study demonstrated that the expression of 
HK was higher in MDA‑MB‑231 cells compared with MCF‑7 
cells (27). The present study demonstrated that diclofenac can 
decrease the activity of HK and showed that the activity of 
HK in tumor cells was decreased in a dose‑dependent manner 
with increasing doses of diclofenac. However, this effect was 
not seen in non‑TNBC cells. Therefore, it was concluded 
that diclofenac inhibits the proliferation of TNBC cells by 
inhibiting glycolytic enzymes such as GLUT1 and HK.

c‑Myc is an important member of the Myc family. The 
c‑Myc gene can promote cell division and acts as a ‘switch’ 
that determines the entry of cells into S phase from G0/G1 
phase. The protein encoded by c‑Myc is closely associated 
with cell proliferation (28). The c‑Myc oncogene is deregulated 
in >50% of human cancer types, and this deregulation is 
frequently associated with poor prognosis and unfavourable 
patient survival outcomes (29). c‑Myc has a central role in 
almost every aspect of the oncogenic process, orchestrating 
proliferation, apoptosis, differentiation and metabolism (29). 
As the core of the glycolytic metabolism of cancer cells, 
c‑Myc controls the metabolism of cancer cells through a 
variety of ways. For example, in recent reports, AMPK factor 
can regulate c‑Myc bidirectionally, AMPK pathway positively 
regulates the expression of oncogene c‑Myc to promote cancer 
cell apoptosis (30), and AMPK can also reversely regulate 
c‑Myc to promote cancer autophagy (31). Furthermore, AMPK 
is considered to be a factor associated with glucose‑mediated 
cancer progression (32‑34). Recent studies have shown that the 
molecular mechanism of TNBC cells is unique compared with 
that of other types of breast cancer cells: TNBC cells have 
higher expression of c‑Myc and lower expression of TXNIP, 
and c‑Myc can promote glucose uptake and its use in tumor 
cells, which in turn accelerates cancer cell proliferation (2). 
In addition, other studies have shown that several pathways 
of cell metabolism are regulated by c‑Myc and that the key 
enzymes in glucose metabolism, such as GLUT1 and HK, 
are targets of c‑Myc (35‑38). In the present study, TNBC 
cell lines (MDA‑MB‑231 and HCC1937) and a non‑TNBC 
cell line (MCF‑7) were treated with diclofenac at different 
concentrations and measured c‑Myc protein expression in 
these cells by western blotting. The protein expression level of 
c‑Myc in TNBC cells was significantly higher compared with 
that in non‑TNBC cells. Moreover, diclofenac decreased the 
protein expression level of c‑Myc, and this effect was stronger 
in TNBC cells compared with non‑TNBC cells.

Glycolysis plays a central role in tumor metabolism and 
growth, and this is reflected in a high rate of glucose uptake. 
But in fact, in addition to c‑Myc, GLUT1, and HK in the 
present study, there are various other factors that play a role 
in tumour metabolism and growth, which is reflected by a 
high rate of glucose uptake effect. For example, SGLT2, which 
is a sodium‑glucose cotransporter, is involved in glucose 

metabolism. In recent years, it has been proposed as a target 
for diabetes and cancer (39). Its inhibitors have been proved 
to decrease the proliferation of breast cancer cells (40). Drugs 
have always been multi‑targeted. Diclofenac in the present 
study has an impact on the glucose uptake and proliferation 
of cancer cells. It also has the possibility of targeting other 
glycolysis‑associated genes including SGLT2, but this requires 
more extensive research.

In summary, the present study results provide evidence that 
diclofenac can decrease the protein expression of GLUT1 and 
HK activity in cancer cells by downregulating the expression 
of c‑Myc, lowering glucose uptake, preventing the supply of 
energy and inhibiting glycolysis, eventually inhibiting the 
growth of TNBC cells. Changes in energy metabolism in 
tumours significantly affect tumour proliferation and metas‑
tasis. For the first time, the effect and potential mechanism 
of diclofenac in TNBC cells was explored, and the potential 
value of glycolysis inhibitors in the treatment of TNBC 
was proposed. The use of glycolysis inhibitors alone or in 
combination with chemotherapeutic drugs has been currently 
proposed in the clinic. Further studies on the effects of drugs 
targeting c‑Myc can provide basic data on abnormal energy 
metabolism and new therapeutic targets for drugs inhibiting 
energy metabolism in TNBC.
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