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Abstract. Epirubicin, an anthracycline derivative, is one of 
the main line treatments for brain tumors. The aim of the 
present study was to verify that epirubicin alters the growth 
and morphological characteristics of U‑87 glioma cells. 
In the present study, the effects of epirubicin were tested 
using cellular and biochemical assays, which demonstrated 
its anti‑proliferative and cytotoxic effects, with an IC50 of 
6.3 µM for the U‑87 cell line, while rat normal neuronal 
cells were resistant to epirubicin. Epirubicin also reduced 
the secretion of matrix metalloproteinase‑9 by 48 and 56% 
at concentrations of 2.5 and 5 µM, respectively. Exposure 
to epirubicin also diminished levels of vascular endothelial 
growth factor in U‑87 cells. Furthermore, a cell migration 
assay showed a significant decrease in cell migration from 28 
to 59% following exposure to 1 µM epirubicin. The present 
study demonstrated the cytotoxic, anti‑proliferative and 
anti‑migrative potential of epirubicin against glioma cells 
in vitro.

Introduction

Gliomas are the most common primary tumors of the central 
neural system (CNS), accounting for 31% of all CNS tumors 
and 80% of malignant brain tumors in the United States (1). 
Depending on their severity, glial tumors are graded from I 
(benign) to IV (highly malignant) (2). In general, low‑grade 
tumors tend to evolve into high‑grade glioblastoma multi-
forme. However, irrespective of their grading, primary glial 
tumors almost invariably display marked infiltrative growth 
characteristics, and glioblastoma cells are able to move from 

the central part of the tumor far into the surrounding normal 
brain tissue  (3). Cytogenetic studies on glioma cell lines 
have shown that they follow an evolutionary pattern in vitro, 
having a tendency toward polyploidization and S karyotype 
instability. However, these progressive changes appear to 
not occur randomly (4). The infiltrative nature of high‑grade 
glioma is largely responsible the morbidity and mortality 
associated with this tumor type (5). Surgical debulking of 
the tumor may delay its growth but is inadequate for treat-
ment, as microscopically small infiltrated tumor foci lead to 
eventual recurrence, often in areas that are surgically inac-
cessible (6‑8). Therefore, patients with high‑grade gliomas 
face a poor prognosis with <10% of patients surviving for 
>2 years. This poor outcome emphasizes the requirement 
for the enhancement of the understanding of the underlying 
mechanisms of glioma invasion, as this may contribute to 
the recognition of novel targets for the therapy of high‑grade 
gliomas (9‑11).

Glial tumors are characterized by high proliferation, 
aggressive behavior and drug  resistance. In spite of the 
current therapeutic options, including surgery, chemo-
therapy, radiation therapy or other novel modalities, the 
average survival of patients still remains short. Thus, novel 
drugs are constantly sought after to improve the treatment 
effects of patients with malignant gliomas  (12‑14). Glial 
tumors are markedly aggressive in a locally invasive fashion. 
The goal of surgical resection is to remove the gadolinium 
contrast‑enhancing component of the tumor, given the poten-
tial morbidity of removing adjacent non‑enhancing normal 
neuronal tissue. However, following all cases of glioblastoma 
resection, non‑contrast‑enhancing infiltrative tumor cells 
remain, which are located away from the main neoplasm. 
These invasive tumor cells are responsible for recurrence 
and, ultimately, the demise of patients with glioblastoma, 
despite radiation therapy and chemotherapy. Recently, glio-
blastoma stem cells (GSCs), which are a sub‑population of 
glioblastoma cells, have been demonstrated to be integral to 
tumor growth and perpetuation (9,15,16).

Anthracyclines are important anti‑tumor agents used in 
the treatment of solid tumors, lymphomas and acute lympho-
blastic as well as myelocytic leukemias. The clinical utility 
of agents, including doxorubicin and daunorubicin, and their 
well‑characterized cardiotoxicity have prompted numerous 
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efforts to develop analogs that retain the desired spectrum 
of activity while being less cardiotoxic  (17). Epirubicin 
(4'‑epidoxorubicin) is an anti‑neoplastic agent derived from 
doxorubicin. The compounds differ in the configuration of 
the hydroxyl group at the 4' position. Epirubicin, like doxo-
rubicin, exerts its anti‑tumor effects by interfering with the 
synthesis and function of DNA and is most active during the 
S phase of the cell cycle (18). It acts by intercalating into 
DNA strands, resulting in complex formation, which inhibits 
DNA and RNA syntheses. It also triggers DNA cleavage 
by topoisomerase  II, and the generation of oxygen free 
radicals, resulting in the activation of mechanisms that lead 
to cell death. These mechanisms are also implicated in the 
cardiac toxicity of doxurubicin and other anthracyclines (19). 
Epirubicin has been clinically applied in treating breast 
cancer, non‑Hodgkin's lymphomas, ovarian cancer, soft‑tissue 
sarcomas, pancreatic cancer, gastric cancer, small‑cell lung 
cancer and acute leukemia. As compared to doxorubicin, 
epirubicin shows less hematologic or myocardial toxicity at 
comparable doses (20). Epirubicin is among the most active 
single agents used in the management of patients with breast 
cancer. The drug may be administered alone or in combina-
tion with other agents in patients with early breast cancer and 
those with metastatic disease (21). 

The rapid infiltrative growth of malignant brain glioma 
severely destroys normal brain tissue (22). A study has indi-
cated that most chemotherapeutic drugs are not active against 
glioblastoma due to restricted access to the brain tumor site 
after systemic administration. To achieve therapeutically 
effective drug levels in the brain, significantly higher doses of 
these drugs require to be administered, therefore resulting in 
severe local and systemic toxicities (23). The use of anthracy-
clines in the treatment of soft tissue sarcomas in adults is well 
recognized and substantive. At the end of the 1980s, it was first 
proven that high doses of anthracyclines, compared with stan-
dard drugs, were able to yield improved response rates (24), 
and they are therefore used in modern clinical settings.

The aim of the present study was to verify that epirubicin 
alters the growth, migration and morphological characteris-
tics of U‑87 glioma cells, and to investigate the underlying 
molecular mechanisms.

Materials and methods

Cell lines and culture conditions. The human glioma cell line 
U‑87 was received from the American Type Culture Collection 
(Manassas, VA, USA). The primary neuronal cells were 
isolated as described previously (25). The cells were cultured 
in a standard tissue culture incubator (37˚C; 5% CO2; 95% air; 
100% humidity). All tissue culture plastic dishes and flasks 
were from Nunc (Roskilde, Denmark). Cells were regularly 
passaged by treatment with trypsin (0.05%) and were grown in 
Eagle's minimum essential medium (EMEM) supplemented 
with 10% fetal bovine serum (FBS), penicillin and strepto-
mycin, non‑essential amino acids, 1 mg/ml glucose and 1 mM 
pyruvate (Gibco-BRL, Invitrogen Life Technologies, Carlsbad, 
CA, USA).

Cell viability assay. The U‑87 and neuronal cells were 
plated on 96‑well flat‑bottomed microplates at a density of 

1x104 cells/well in 100 µl complete growth medium. Prior to 
drug treatment, the growth medium was substituted with fresh 
medium containing 2% FBS. The U‑87 and neuronal cells 
were exposed to epirubicin at concentrations of 0.5‑100 µM. 
After 48 h of incubation at 37˚C in a humidified atmosphere 
of 5% CO2, the cytotoxic effect of epirubicin was estimated 
using an MTT assay. Briefly, the cells were incubated for 
3 h with MTT solution (5 mg/ml; Sigma‑Aldrich, St Louis, 
MO, USA). MTT was metabolized by viable cells to purple 
formazan crystals, which were solubilized overnight in SDS 
buffer (10% SDS in 0.01 N HCl) and the reaction product was 
quantified spectrophotometrically by measuring absorbance 
at 570 nm using an Multiskan MK3 microplate reader (Fisher 
Thermo Scientific, Waltham, MA, USA). The absorbance 
of the control wells was set as 100% and the results were 
expressed as the percentage of the control.

Bromodeoxyuridine (BRDU) cell proliferation assay. DNA 
synthesis in proliferating cells was evaluated by measuring 
Bromodeoxyuridine (BRDU) incorporation using a commer-
cial Cell Proliferation ELISA System (11669915001; Roche 
Diagnostics, Basel Switzerland). The U‑87 cells were seeded 
into 96‑well microplates at a density of 1x104 cells/ml in a 
proliferation medium containing 10% FBS. On the following 
day, the medium was replaced and the cells were exposed 
to 1‑50 µM epirubicin for 48 h. Subsequently, the cells were 
incubated for 2 h with a BRDU labeling solution containing 
10 µM BRDU. The assay was performed according to the 
manufacturer's instructions. The optical density values were 
evaluated at 450 nm using an ELISA reader. The culture 
medium alone was applied as a control for non‑specific 
binding.

Western blot analysis. The U‑87 cells were grown in 
six‑well plates (3x105 cells/ml with 3 ml/well) in a medium 
containing 10% FBS for 24 h at 37˚C. On the following day, 
the medium was replaced with fresh 2% FBS‑EMEM and the 
cells were treated with epirubicin at concentrations of 1, 5 
or 10 µM. After 24 h of incubation, the cells were washed in 
cold phosphate‑buffered saline (PBS) and lysed in radioim-
munoprecipitation assay buffer [containing 50 µM Tris‑HCl 
(pH 7.4), 150 mM NaCl, 1% sodium deoxycholate, 0.1% SDS, 
10 mM NaF, 1 mM sodium orthovanadate, 1 mM EDTA, 
1% Triton X‑100 and protease inhibitor cocktail] at 4˚C for 
30 min. In parallel, the lysates were centrifuged at 10,000 xg 
for 15 min at 4˚C. Laemmli buffer was added to 50 mg sample 
and the mixture was boiled for 5 min, followed by separation 
using 9% SDS‑PAGE. The proteins were transferred onto 
an Immobilon P membrane (Merck, Darmstadt, Germany). 
After the transfer, the membrane was blocked with blocking 
buffer (5% non‑fat dried milk in Tris-buffered saline/0.1% 
Tween 20) for 1 h at room temperature and then examined 
with appropriate dilutions of primary antibodies from the 
Cell Proliferation ELISA and VEGF Enzyme Immunoassay 
(KHG0111; Strathmann Biotec, Hamburg, Germany) kits 
overnight at 4˚C. The membranes were washed three times for 
10 min with PBS containing 0.05% Triton X‑100 and incu-
bated for 1 h with horseradish peroxidase‑labelled anti‑mouse 
antibody. The membranes were visualized using Western 
Blot Chemiluminescence Reagent (Amersham Biosciences, 
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Amersham, UK) using Kodak Biomax film (Kodak, Rochester, 
NY, USA). The blots were re‑probed with antibodies against 
β‑actin to ensure equal loading and transport of proteins.

Determination of matrix metalloproteinase (MMP)‑9 and 
vascular endothelial growth factor (VEGF) concentration by 
ELISA. MMP‑9 levels in the conditioned media of the U‑87 
cells were determined using a commercial human MMP‑9 
immunoassay kit (RayBiotec, Norcross, GA, USA), and VEGF 
protein released into the conditioned medium was assessed 
using the VEGF Enzyme Immunoassay kit. The U‑87 cells 
(3x105  cells/ml) were seeded in 24‑well plates with 1  ml 
EMEM containing 10% FBS and incubated for 24 h. The 
growth medium was then replaced with EMEM containing 
2% FBS and the U‑87 cells were treated with epirubicin (0.5, 
2.5 or 5 µM). After 48 h of incubation, the culture medium was 
collected, centrifuged and immediately frozen at ‑80˚C until 
quantification of MMP‑9 or VEGF using the kits according to 
the manufacturer's instructions.

Cell migration (wound healing) assay. Tumor cell migration 
was assessed using the wound healing assay. Tumor cells were 
plated at 1x106 cells on 4‑cm culture dishes (Nunc). The cell 
monolayer was scratched with a pipette tip (P300) and the 
plates were rinsed twice with PBS to wash off the dislodged 
cells. Next, epirubicin dilutions in fresh medium (0.1‑1 µM) 

supplemented with 2% FBS were applied and the number of 
cells migrated into the wound area after 24 h was estimated 
and compared to that in control cultures. Plates were stained 
using the May‑Grunwald‑Giemsa method and observed using 
an Olympus BX51 System microscope (Olympus, Tokyo, 
Japan). Results are expressed as the percentage of the number 
of cells migrated into the wound area compared with that in 
the control group.

Assessment of morphological changes and cytoskeleton 
staining. The U‑87 cells (5±104 cells/ml) were grown in 
Leighton tubes containing rectangular glass coverslips for 
24 h. The medium was replaced with fresh medium containing 
2% FBS and different concentrations of epirubicin (1, 5 or 
10 µM), and the cells were incubated for 48 h at 37˚C. Control 
cells were cultured in medium without epirubicin. After the 
treatment, the cells were fixed and stained according to the 
standard hematoxylin‑eosin (Poly Scientific R&D Corp., 
Bayshore, NY, USA) method. Observation was performed 
under the Olympus BX51 System microscope and the micro-
graphs were processed using analySiS software, version 5.0 
(Soft Imaging System GmbH, Münster, Germany). Part of 
the cell samples were fixed in a 3% formaldehyde solution in 
PBS, (pH 7.4), for 30 min at room temperature, incubated with 
0.5% Triton X‑100 in PBS for 15 min at room temperature, 
blocked in PBS containing 3% bovine serum albumin (BSA; 

Figure 1. Influence of epirubicin on the viability of (A) U‑87 glioma cells and (B) primary neuronal cells as determined using the MTT assay following incuba-
tion with epirubicin for 48 h. (C) Influence of epirubicin on the cell proliferation of U‑87 glioma cells as determined by the BRDU incorporation assay. Values 
are expressed as the mean ± standard deviation of three independent experiments in triplicates. *P<0.01 vs. control. BRDU, bromodeoxyuridine.
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Sigma‑Aldrich) for 1 h at room temperature and incubated 
with tetramethylrhodamine‑labeled phalloidin (0.5 mg/ml) in 
PBS for 1 h at room temperature in the dark. Representative 
fluorescence micrographs of these cells were captured using 
the Olympus BX51 System microscope.

Statistical analysis. Values are expressed as the mean ± stan-
dard error. Statistical analyses were performed using 
GraphPAD Prism 5 (GraphPAD Software Inc., La Jolla, CA, 
USA). The data were analyzed by one‑way analysis of vari-
ance, followed by Dunnett's test. P<0.01 was considered to 
indicate a statistically significant difference between values.

Results

Selective cytotoxic and anti‑proliferative effects of epirubicin. 
The cytotoxic effect of epirubicin was determined in the 

U‑87 glioma cells and neuronal primary culture by using an 
MTT cell viability assay. Epirubicin significantly decreased 
the viability of rat U‑87 cells in a concentration‑dependent 
manner with an IC50 of 6.3  µM (Fig.  1A). At the highest 
concentration used (100 µM), epirubicin reduced cell viability 
to approximately 14% in comparison to that of the control. In 
contrast to the U‑87 glioma cells, the rat normal neuronal cells 
were resistant to epirubicin. When they were incubated with 
epirubicin at 1‑50 µM, the number of live cells in the cultures 
was markedly higher compared with that of untreated cells 
(Fig. 1B). These results clearly indicate selective, dose‑depen-
dent cytotoxicity of epirubicin against tumor cells. To examine 
the anti‑proliferative potential of epirubicin, the U‑87 glioma 
cells were treated with 1, 5, 10, 25 or 50 µM epirubicin for 48 h 
and the BRDU assay was performed. Epirubicin effectively 
reduced BRDU incorporation during DNA synthesis (Fig. 1C). 
A significant decrease in cell division was found even at 1 µM. 
The most pronounced effect was observed following treat-
ment with 50 µM epirubicin, which suppressed proliferation 
of the U‑87 cells by 70%. These results were in agreement 
with the results of the MTT cell viability assay and indicated a 
dose‑dependent anti‑proliferative activity of epirubicin in the 
cells examined.

Epirubicin decreases MMP‑9 secretion by U-87 cells. The 
most pronounced inhibitory effect on MMP‑9 secretion was 
detected at the epirubicin concentration of 5 µM according 
to the ELISA assay. As shown in Fig. 2, epirubicin reduced 
the capacity of the U‑87 cells to secrete total MMP‑9 after 
48‑h incubation in a dose‑dependent manner. The amount of 
MMP‑9 released into the culture medium after the treatment 
with epirubicin at the concentrations of 2.5 and 5 mM was 
reduced by 1.43±2.1 and 0.7±1.3 ng/ml, respectively, compared 
with that in the control.

Epirubicin markedly reduces secretion of VEGF by U‑87 
glioma cells. The effect of epirubicin on VEGF release into 
the U‑87 culture medium was quantified by ELISA. There is a 

Figure 3. Epirubicin reduces the secretion of VEGF. The cells were incubated 
with the indicated concentrations of epirubicin for 48 h. Inset showing the 
gel, which is representative of three independent experiments. After the 
treatment, the conditioned media were collected and analyzed using ELISA. 
Lane M, marker lane; lane 1, 0.5 µM; lane 2, 2.5 µM; lane 3, 5 µM. Values 
are expressed as the mean ± standard deviation. *P<0.01 vs. control. VEGF, 
vascular endothelial growth factor.

Figure 4. Epirubicin inhibits migration of U‑87 cells in the wound healing 
assay. Scratched monolayers of glioma cells were incubated alone or with 
epirubicin for 24 h. Values are expressed as the mean ± standard deviation of 
three independent experiments. *P<0.01 vs. control.

Figure 2. Epirubicin decreases the production of MMP‑9. The cells were 
incubated for 48 h with the indicated concentrations of epirubicin. After the 
treatments, the conditioned media were collected and analyzed using ELISA. 
Inset showing the gel, which is representative of three independent experi-
ments. Values are expressed as the mean ± standard deviation. *P<0.01 vs. 
control. MMP, matrix metalloproteinase.
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demand for novel chemotherapeutics targeting VEGF and they 
are promising to be potent (26), as VEGFs have a significant 
role in angiogenesis and lymphangiogenesis  (27). As indi-
cated in Fig. 3, VEGF secretion of U-87 cells was markedly 
decreased following treatment of the cells with increasing 
epirubicin concentrations. After 48 h of incubation of the U‑87 
cells with epirubicin, the VEGF levels were diminished from 
2.56 ng/ml (untreated cells) to 1.22 ng/ml and 0.80 ng/ml at 
2.5 µM and 5 µM epirubicin, respectively.

Epirubicin inhibits the migration of U-87 cells. The influ-
ence of epirubicin on cell migration was estimated using a 
wound healing assay. As shown in Fig. 4, epirubicin caused 

a significant decrease in cell migration ranging from 28% 
at 0.1 µM to ~59% when the cells were exposed to 1 µM of 
epirubicin (IC50=0.5 µM).

Epirubicin alters the morphology and the cytoskeletal 
assemblyof U‑87 cells. To assess the effect of epirubicin 
on cell morphology, the treated cells were stained with 
hematoxylin‑eosin and observed under a light microscope. 
The morphological study revealed that the control cells had 
a fibroblastic or dendritic‑like morphology with abundant 
cytoplasm and presented extensive prolongations. Their 
nuclei were round with a vast number of nucleoli (Fig. 5A). 
The untreated cells also demonstrated a high proliferative 

Figure 5. Effect of epirubicin on glioma cell morphology. The cells were treated with epirubicin for 48 h. Following treatment, they were fixed and stained with 
the hematoxylin and eosin, and cellular morphology was examined under a light microscope (magnification, x40). (A) The untreated cells showed unchanged 
morphology. The cancer cells exposed to epirubicin at (B) 1 µM, (C) 5 µM and (D) 10 µM displayed dose‑dependent morphological alterations, including cell 
shrinkage, rounding and chromatin condensation.

Figure 6. Effect of epirubicin on actin cytoskeleton organization in U‑87 cells. The cells were treated with or without epirubicin for 48 h and subsequently fixed, 
permeabilized and stained with tetramethylrhodamine‑phalloidin (red) to visualize the actin cytoskeleton under a fluorescence microscope. Representative 
micrographs of U‑87 glioma cells (A) under control conditions or exposure to fluvastatin at (B) 1 µM, (C) 5 µM and (D) 10 µM. The epirubicin‑treated cells 
displayed disruption of the actin cytoskeletal structure and stress fibers, and long actin filaments were clearly condensed. Magnification, x10.
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activity, as a number of them underwent mitotic division. The 
cells exposed to 1 or 5 µM epirubicin for 48 h showed typical 
features of late apoptosis, including shrinkage and chromatin 
condensation (Fig. 5B and C). The most marked morpho-
logical alterations were noted at a concentration of 10 µM 
epirubicin (Fig. 5D). In this group, the cells were rounded and 
shrunken, with irregular and pycnotic nuclei and a reduced 
length of cytoplasmic protrusions. In this group, the number 
of vacuolized, non‑proliferating and detached cells was also 
markedly higher in comparison to those in the groups exposed 
to the lower dosages of epirubicin. These findings suggested 
that epirubicin effectively induced apoptosis in glioma cells.

In order to study the constitution of the actin cyto-
skeleton, the control and treated cells were stained using 
rhodamine‑labelled phalloidin and visualized under a fluores-
cence microscope. The control cells showed highly organized, 
dense actin structures extending from the cell surface 
throughout the cytosol and along broad lamellipodia (Fig. 6A). 
Direct observation of the U‑87 cells exposed to epirubicin for 
48 h revealed dose‑dependent alterations in actin cytoskeletal 
organization (Fig. 6B‑D). Anthracycline treatment resulted in 
rapid F‑actin depolymerization in the cell body, loss of bundles 
of actin filaments and stress fibers, as well as suppressed 
formation of long cellular protrusions. The epirubicin‑induced 
cytoskeletal disruption may have contributed to the structural 
changes described above.

Discussion

Glioblastoma is the most frequent (65%) and most malignant 
histological type of CNS tumor in the USA (26). Anthracycline 
treatment is associated with an increased risk of dose‑depen-
dent heart failure, which limits their clinical application. 
Epirubicin (EPI) has been demonstrated to inhibit tumor cell 
growth in numerous tumor cell lines and is currently applied 
to treat solid and hematologic malignancies, including breast 
cancer (28,29). A study has reported the efficacy of epiru-
bicin in vitro in the C6 glioma cell line (30). In a study by 
Cantoni et al (31), exposure of a human tumor cell line (HeLa) 
to epirubicin and doxorubicin for either 1 h or 24 h at a scope 
of concentrations resulted in greater cytotoxicity of epirubicin 
over doxorubicin at the 1‑h exposure, while the toxicity of the 
two anthracyclines was similar following 24 h of incubation. 
The authors linked this to the greater uptake rate of epirubicin 
and the earlier achievement of cytotoxic levels within the cells, 
while not excluding other, additional, mechanisms.

The present study showed that epirubicin markedly dimin-
ished U‑87 cell viability following 48‑h exposure. Of note, 
epirubicin did not kill normal neuronal cells in culture and even 
increased the activity of mitochondrial dehydrogenase at high 
concentrations, as indicated by increased rates of formazan 
production in the MTT assay. Additional investigations are 
required in order to fully elucidate the mechanisms by which 
statins mediate distinct effects on neuronal cells. The results 
of the present study are in line with the results reported by 
Hershman and Shao (32) as well as O'Shaughnessy et al (33), 
who reported that anthracyclines decreased cellular prolif-
eration. Cytostatic effects of anthracycline antibiotics resulted 
from their binding to nucleic acids, which contributes to the 
inhibition of protein synthesis in cells as reported earlier by 

Vitvitsky (34). Anthracycline drugs that act as topoisomerase‑II 
inhibitors induce DNA damage in cells. The quinone group of 
anthracyclines may undergo a one‑electron reduction to yield 
a semiquinone, thus producing free radicals and contributing 
to cancer formation (35). Malignant cell transformation results 
in a loss of tyrosine kinase (TK) regulation with spontane-
ously increased TK activity, even in the absence of external 
stimuli, resulting in uncontrolled cell reproduction, which is 
encountered in nearly 70% of tumors (36). Finally, TKs are 
also involved in tumor angiogenesis, as their stimulation by 
VEGF, platelet‑derived growth factor and transforming growth 
factor‑α promote tumor growth‑associated neovasculariza-
tion. Epidermal growth factor receptor is present in multiple 
tumor types and enables cancer cell proliferation, invasion and 
migration (37,38).

It has been recognized that anthracyclines also exert 
anti‑cancer activities through inhibition of factors driving 
characteristic hallmarks of malignant cells, including fast 
proliferation, enhanced locomotion, aggressiveness, angiogen-
esis and dissemination to various sites in the body (39). Thus, 
the present study assessed which aspects of tumor invasion 
may be affected by epirubicin. Addition of epirubicin to the 
culture medium impaired the mobility of U‑87 cells as deter-
mined by the wound‑healing assay. The inhibitory effect was 
apparent at low concentrations, such as 6.3 µM epirubicin. 
The processes of cell invasion and metastasis are mediated not 
only by MMPs, but also by other molecules, including VEGF. 
VEGF is the most important stimulator of angiogenesis in 
numerous types of cancer (40,41).

In conclusion, the present study indicated that epirubicin 
showed anti‑proliferative and anti‑metastatic activity. The 
findings further indicated that the VEGF may be an appro-
priate target to suppress invasive behavior and progression of 
brain tumor cells as demonstrated using the U‑87 cell line. The 
activity of epirubicin against glioma cells was associated with 
the alteration of motility and suppression of the secretion of 
VEGF and MMP‑9. These findings indicated that epirubicin 
is a potential therapeutic agent for the treatment of gliomas; 
however, further studies are required.
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