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Abstract. Ellipticine, an alkaloid isolated from Apocyanaceae 
plants, has been demonstrated to exhibit antitumor activity 
in several cancers. However, the effect and the mechanisms 
underlying its action have not been investigated in human 
bladder cancer cells. The aim of the present study was to 
investigate the effect and mechanism of ellipticine on the 
behavior of T‑24 bladder cancer cells. T‑24 cells were treated 
with varying concentrations and durations of ellipticine. Cell 
viability was evaluated by Cell Counting Kit‑8 assay. Cell 
motility was analyzed by Transwell migration assay. Flow 
cytometry, reverse transcription‑quantitative polymerase 
chain reaction and western blot analyses were performed to 
detect the cell cycle and signaling pathways involved. The 
results demonstrated that ellipticine suppressed proliferation 
and inhibited the migration ability of T‑24 bladder cancer 
cells in a dose‑ and time‑dependent manner, and resulted in 
G2/M cell cycle arrest. The mechanism of this action was 
demonstrated to be due to ellipticine‑triggered activation of 
the ATM serine/threonine kinase pathway. These data there-
fore suggest that ellipticine may be effective towards treating 
human bladder cancer.

Introduction

Ellipticine [5,11‑dimethyl‑6H‑pyrido(4,3‑b)carbazole] is 
a naturally occurring alkaloid isolated from the leaves of 
Apocyanaceae plants (1). Ellipticine and its analogues have 
demonstrated potent anti‑cancer activity in a phase II study 
of advanced breast cancer  (2) and several other types of 
cancer (3). The main reason why ellipticine and its derivatives 
have become noteworthy is its high efficiency against cancer, 
its rather limited toxic side effects, and its limited intrinsic 

toxicity (4). The chemopreventive activity of ellipticine is likely 
to be associated with its ability to modulate pathways involved 
in cell cycle progression (5) and apoptotic cell death (6‑8). 
However, its efficacy in bladder cancer cells and the associated 
mechanisms of action are not completely understood.

Bladder cancer is the fourth commonest male malignancy 
and is associated with significant morbidity and mortality (9). 
Approximately 90% of all bladder cancer cases are classified 
as urothelial cell carcinomas (UCC) which are originated from 
epithelial cells lining the interior of the urothelial organ (10). 
Therapeutic options for bladder cancer include surgical resec-
tion, intravascular chemotherapy, radiation, immunotherapy 
and system chemotherapy. Despite the low‑grade cases (good 
differentiation) having an excellent prognosis, high‑grade 
cases (medium and poor differentiation) progress to invasion, 
metastases and death (11). Therefore, identifying novel and 
alternative therapeutic strategies is critical for prolonging 
survival.

On the basis of its effectiveness in other types of cancer, 
ellipticine could be a potential candidate for the therapy of 
bladder cancer. The present study investigated whether 
ellipticine reduces the proliferation and migration abilities of 
bladder cancer cells and its underlying molecular mechanisms.

Materials and methods

Reagents and cell culture. Ellipticine (≥99% pure; 
Sigma‑Aldrich; Merck Millipore, Darmstadt, Germany) was 
dissolved in dimethylsulfoxide (DMSO) to make 10  mM 
stock solutions and was stored at ‑20˚C. Primary antibodies 
against phosphorylated (p‑)ATM (cat. no.  5883; 1:1,000), 
M‑phase inducer phosphatase 3 (Cdc25) (cat. no.  4688, 
1:1,000), p‑Cdc25C (Ser‑216) (cat. no.  4901; 1:1,000), 
checkpoint kinase 1 (Chk1) (cat. no. 2360; 1:1,000), p‑Chk1 
(Ser‑345) (cat. no. 2348, 1:1,000), Cyclin B1 (cat. no. 12231, 
1:1,000), cyclin dependent kinase 1 (Cdk1) (cat. no. 7519; 
1:1,000), and secondary antibodies (cat. no. 7074; 1:5,000) 
were purchased from Cell Signaling Technology (Danvers, 
MA, USA). The bicinchoninic acid protein assay kit was 
purchased from Pierce; Thermo Fisher Scientific, Inc. 
(Waltham, MA, USA). The human bladder cancer cell line 
T‑24, obtained from the Shanghai Institute of Cell Biology, 
Chinese Academy of Sciences (Shanghai, China), was cultured 
in RPMI‑1640 medium (HyClone; GE Healthcare, Logan, 
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UT, USA) supplemented with 10% fetal bovine serum (FBS; 
Sigma‑Aldrich; Merck Millipore), 100 U/ml penicillin and 
100 mg/ml streptomycin, and was grown in an incubator with 
5% CO2 at 37˚C.

Cell viability assay. The effect of ellipticine on the viability 
of T‑24 cells was evaluated by Cell Counting Kit‑8 (CCK‑8) 
assay. Approximately 10x104 T‑24 cells were seeded in 
96‑well plates. Following an overnight incubation, T‑24 cells 
were treated with either 1 µl/ml DMSO (vehicle control) or 1, 
2, 4, 8 or 16 µM ellipticine for 24 h. Following incubation, 10% 
CCK‑8, diluted in normal culture medium, was added to each 
well and incubated at 37˚C until color conversion occurred. 
Absorbance at 450 nm was then measured using a MRX II 
absorbance reader (Dynex Technologies, Chantilly, VA, USA). 
Results were displayed as a percentage of growth, with 100% 
representing control cells treated with DMSO alone.

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
from T‑24 cells treated with 2, 4 or 8  µM ellipticine or 
1 µl/ml DMSO using RNAiso Plus (Takara Biotechnology 
Co, Ltd., Dalian, China) and transcribed into cDNA using the 
PrimeScript RT Reagent Kit (Takara Biotechnology Co, Ltd.). 
qPCR was performed using an ABI 7500 FAST Real‑Time 
PCR System (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) and a SYBR-Green PCR kit (Takara Biotechnology Co, 
Ltd.). The relative expression level of mRNA was quantified 
with the 2‑∆∆Cq method  (12) following normalization with 
the endogenous reference, GAPDH. The primers used were 
as follows: ATM, forward 5'‑TTA​CGG​GTG​TTG​AAG​GTG​
TCT‑3' and reverse 5'‑GGA​TTC​ATG​GTC​CAG​TCA​AAG‑3'; 
and GAPDH, forward 5'‑GCT​GAA​CGG​GAA​GCT​CAC​TG‑3' 
and reverse 5'‑GTG​CTC​AGT​GTA​GCC​CAG​GA‑3'.

In vitro motility assays. T‑24 cells were seeded in a 6‑well 
plate at a density of 8x104 cells/well. Following overnight 
incubation, cells were treated with 0.2, 0.4 or 0.8 µM ellipti-
cine for 24 h, then harvested by centrifugation at 800 x g for 
5 min at 20˚C. Cells were resuspended in growth medium at a 
concentration of 4x105 cells/ml, and 0.2 ml of each was added 
to the top chamber of each well (24‑well insert, 8 µm pore 
size; Merck Millipore), and growth medium containing 20% 
FBS was added to the lower chamber of each well to act as 
a chemoattractant. The cells were allowed to migrate to the 
lower chamber for 24 h in an incubator at 37˚C and those that 
did not invade through the membrane were removed with a 
cotton swab by scraping the upper surface of the membrane. 
Cells that had migrated to the lower surface of the membrane 
were fixed for 15 min in 100% methanol and stained with 0.1% 
crystal violet for observation and counting. Experiments were 
performed in triplicate.

Cell cycle assay. Cells were seeded in 6‑well culture dishes at 
concentrations determined to output 60‑70% confluence within 
24 h, and then treated with 1, 2, 4, 8, or 16 µM ellipticine. 
Following 24 h incubation, cells were washed with PBS and 
fixed using pre‑cooled 70% ethanol at 4˚C overnight. The cells 
were washed and subjected to propidium iodide (PI)/RNase 
staining for 30 min at 37˚C in the dark. Cell cycle distribution 

was then analyzed using the FC500 flow cytometer (Beckman 
Coulter Inc., Brea, CA, USA) and BD FACSDiva software 
(version 6.1.3, BD Biosciences, Franklin Lakes, NJ, USA).

Western blot analysis. Cells were harvested at 24 h following 
ellipticine treatment, washed with PBS, and lysed with lysis 
buffer at 4˚C for 45 min [10 mmol/l Tris‑HCl, 0.25 mol/l 
sucrose, 5  mmol/l EDTA, 50  mmol/l NaCl, 30  mmol/l 
sodium pyrophosphate, 50 mmol/l NaF, 1 mmol/l Na3VO4, 
1 mmol/l phenylmethylsulfonyl fluoride, and 2% cocktail 
(protease inhibitor, pH 7.5; Servicebio, Wuhan, China) and 
then centrifuged at 1,200 x g, for 15 min at 4˚C. The protein 
concentrations were measured by bicinchoninic acid assay 
and equalized to 4 µg/µl using lysis buffer. Each sample was 
supplemented with 4X loading buffer and boiled for 5 min. 
Appropriate amounts of protein (20‑30 µg) were resolved by 
electrophoresis in 10‑12% Tris‑glycine polyacrylamide gels 
and transferred onto nitrocellulose membranes. Membranes 
were blocked with 5% nonfat milk in Tris‑buffered saline 
solution (TBS) containing 0.05% Tween [TBST; 10  mM 
Tris‑Cl (pH 7.4), 150 mM NaCl, 0.1% ‑20], then hybridized 
overnight at 4˚C with the appropriate primary antibody. They 
were then washed with TBST and incubated with horseradish 
peroxidase‑conjugated secondary antibody at 1:1,000 dilution 
in TBST by gentle agitation at room temperature for 2 h, and 
subsequently washed. The signal density was visualized using 
an enhanced chemiluminescence system (Pierce; Thermo 
Fisher Scientific, Inc.). The results were quantitated using 
ImageJ version 1.48 (National Institutes of Health, Bethesda, 
MD, USA).

Statistical analysis. The data analyzed were from three inde-
pendent experiments. Statistical significance was assessed 
between various treatment groups and controls using analysis 
of variance (ANOVA). Least‑Significant Difference (LSD) was 
used to compare individual groups following ANOVA. P<0.05 
was considered to indicate a statistically significant difference.

Results

Ellipticine affects cell growth in T‑24 cells. The CCK‑8 assay 
revealed that compared to untreated and DMSO controls, 
ellipticine treatment induced a dose‑ and time‑dependent 
inhibition of T‑24 cell growth (Fig. 1). There was no signifi-
cant difference between untreated control and DMSO control, 
which indicated that the vehicle, DMSO, did not affect the 
proliferation ability of T‑24 cells  (Fig.  1). Compared to 
untreated cells, ellipticine treatment resulted in a significant 
reduction in cell viability with increasing concentration and 
time, particularly at the concentration of 8 and 16 µM (Fig. 1). 
The 50% growth inhibitory concentration (IC50) for ellipticine 
treatment was estimated to be 4.3, 3.8, and 2.0 µM for 24, 48, 
and 72 h, respectively (Fig. 1). These results, therefore, demon-
strate that ellipticine has a significant inhibitory effect on T‑24 
cell proliferation.

Ellipticine inhibits T‑24 cell migration. As demonstrated in 
Fig. 1, when 1 µM ellipticine was added for 24 h, the viability 
of the cells was not significantly altered. Hence, the concen-
trations of 0.2‑0.8 µM and the time of 24 h were selected to 
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perform the migration assay and examine the effect of ellip-
ticine on the migration ability of T‑24 cells. As demonstrated 
in Fig. 2, treatment with 0.4 and 0.8 µM ellipticine resulted 
in a significant reduction in motility compared with untreated 
control (P<0.05 and P<0.01, respectively; Fig. 2).

Ellipticine induces G2/M phase cell cycle arrest. To test the 
hypothesis that an arrest of cells at a specific cell cycle check 
point may be involved, the effect of ellipticine on cell cycle 
perturbations was assessed. Compared with the untreated 
controls, ellipticine treatment induced a significant arrest 
of T‑24 cells in the G2/M phase of the cell cycle. Cell cycle 
analysis suggested that the percentage of G2/M phase‑arrested 
cells in the control was 13.75%, while the percentage of G2/M 
phase‑arrested cells increased significantly following 24 h 
treatment with 8 and 16 µM ellipticine compared with the 
untreated control (20.25 and 23.75%, respectively; P<0.05 and 
P<0.05 respectively; Fig. 3A). Concomitant with the increased 
G2/M phase cell population, ellipticine treatment resulted in a 
reduction in cell numbers arrested in the G1 phase of the cell 
cycle compared with the untreated control (Fig. 3B).

Ellipticine modulates ATM‑Chk1‑Cdc25C‑Cdk1 pathway. To 
explore the molecular events leading to ellipticine mediated 
G2/M phase cell cycle arrest, the signaling cascade responsible 
for G2/M checkpoint control was examined further. As cellular 
responses to DNA damage during cell cycle are coordinated 
primarily by activated ATM kinase and its following signaling 
cascades, mRNA expression levels of ATM in T‑24 cells 
treated with different concentrations of ellipticine were tested. 
As demonstrated in Fig. 4A, the expression of ATM mRNA 
was significantly upregulated following treatment with 2, 4 
and 8 µM ellipticine compared with control (P<0.05, P<0.05 
and P<0.01, respectively). Next, the effect of ellipticine on 
protein expression of p‑ATM, Chk1 and p‑Chk1 (Ser345) were 
examined. Compared with control, p‑ATM and p‑Chk1 protein 
levels were significantly increased, while Chk1 total protein 

was reduced, following 24 h treatment with 2, 4, and 8 µM 
ellipticine (Fig. 4B). Chk1 activation has been demonstrated 
to phosphorylate Cdc25C on Ser‑216 in vitro (13). The effect 
of ellipticine on total Cdc25C and p‑Cdc25C (Ser‑216) was, 
therefore, further examined. Following ellipticine treatment, 
total Cdc25C protein significantly decreased while p‑Cdc25C 
was upregulated (Fig. 4B), which suggests that activation of 
Chk1 by ellipticine may be due to the inactivation of Cdc25C. 
Downstream components of Cdc25C, Cdk1 and Cyclin B1, 
were also down‑ and upregulated, respectively (Fig. 4B). These 
results suggest that the ATM‑Chk1‑Cdc25C‑Cdk1 cascade is 
involved in the G2/M arrest of bladder cancer cells via check-
point activation following ellipticine treatment.

Discussion

The present study revealed that ellipticine, a naturally occur-
ring alkaloid, exhibits an inhibitory function on T‑24 bladder 
cancer cell proliferation and migration. The chemopreven-
tive/therapeutic potential of ellipticine against bladder cancer 
was demonstrated to be mediated by induction of cell cycle 
arrest and inhibition of migration. The antiproliferative effect 
of ellipticine on cancer cells has been previously reported (3). 
Based on its action on other reported cancer types, the present 

Figure 1. Cytotoxicity effects of ellipticine in T‑24 bladder cancer cells. Cell 
proliferation and viability were determined by a Cell Counting Kit‑8 assay 
in untreated (control) cells or cells treated with either DMSO vehicle control 
(DMSO) or various concentrations of ellipticine (1‑16 µM). The data are 
presented as the mean ± standard deviation. *P<0.05, **P<0.01, ***P<0.001 vs. 
untreated control. DMSO, dimethylsulfoxide.

Figure 2. Effect of ellipticine on T‑24 cell migration. Cells treated with 
0‑0.8 µM ellipticine were allowed to migrate through uncoated Transwell 
membranes for 24 h, then were fixed, stained, and counted. (A) Representative 
images of ellipticine treated/untreated migrated cells on the bottom of the 
Transwells. Scale bars, 100 µm. (B) Quantification of cell migration analysis 
from three independent experiments. The data are presented as mean ± stan-
dard deviation. *P<0.05, **P<0.01 vs. untreated control.
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study hypothesized that ellipticine could significantly inhibit 
T‑24 cell proliferation in a dose‑ and time‑ dependent manner. 

Previous studies suggested that the mechanism underlying 
the cytotoxicity of ellipticine is related to covalent binding 

Figure 3. Cell cycle analysis of T‑24 bladder cancer cells treated with ellipticine. (A) Cells were treated with different concentrations of ellipticine for 
24 h and then stained with propidium iodide. The DNA content was analyzed by flow cytometry. G1, S and G2/M indicate the respective cell cycle phase. 
(B) Quantification of cell cycle analysis from three independent experiments. The data are presented as mean ± standard deviation. *P<0.05, **P<0.01 vs. NC. 
NC, untreated control.

Figure 4. mRNA and protein expression analysis in T‑24 bladder cancer cells treated with various concentrations of ellipticine for 24 h. The data are presented 
as mean ± standard deviation. (A) ATM mRNA expression was assessed in untreated (control) and ellipticine‑treated cells. Results are plotted as rela-
tive expression to the control cells. (B) Western blot analysis of untreated (control) and ellipticine‑treated cells. A representative blot is shown from three 
independent experiments with similar results. (C) Quantification of protein expression from densitometric analysis relative to the GAPDH control from 
three independent experiments. *P<0.05, **P<0.01 vs. untreated control. ATM, ATM serine/threonine kinase; p‑, phosphorylated; Cdc25, M‑phase inducer 
phosphatase 3; Chk1, checkpoint kinase 1; Cdk1, cyclin dependent kinase 1.
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of ellipticine to DNA in neuroblastoma cell lines (14) and the 
interaction of ellipticine with a human DNA sequence derived 
from the telomeric DNA region  (15). Low concentrations 
(1‑4 µM) of ellipticine have been demonstrated to exhibit 
considerable cytotoxicity, which, combined with its limited 
intrinsic toxicity (4), suggests that ellipticine could be a prom-
ising therapeutic molecule against bladder cancer.

Loss of key cell cycle checkpoints is a hallmark of 
cancer, inducing abnormal proliferation and subsequent 
oncogenic transformation  (16). Among phosphoinositide 
kinase (PIK)‑related proteins family members, ATM is 
one of the key kinases responding to DNA damage during 
cell cycle checkpoints. A series of downstream substrates 
including Chk1, p53, nijmegen breakage syndrome 1 and p38 
mitogen‑activated protein kinase are targets of ATM, partici-
pating in modulating the cell cycle. Among these substrates, 
Chk1 is the most conserved during evolution (17). p‑ATM 
leads to self‑activation through disjoining ATM dimer into 
monomer, which further activates Chk1 by phosphorylation of 
Ser‑345 sites, thereby causing deactivation of p‑Cdc25C (18). 
Cdk1 is a cyclin‑dependent kinase, which bonds to cyclin B1, 
and the complex facilitates dividing cells to enter mitosis from 
G2 phase (13). By means of deactivated Cdc25C, Cdk1 cannot 
be dephosphorylated by Cdc25C, which leads to a deactivated 
status of Cdk1‑cyclinB1 complex (19). In conclusion, activated 
Chk1 leads to Cdk1 inhibition by deactivation of Cdc25 
through phosphorylation which results in G2‑arrest  (20). 
Previous studies have suggested that ellipticine is a potent 
inhibitor of cell‑cycle progression in several different cell 
lines  (6,21). The present study has focused on the effect 
of ellipticine on the T‑24 cell cycle and demonstrated that 
ellipticine causes a G2/M phase arrest. Similar results were 
observed in human endometrial and breast carcinomas (21,22). 
The present study demonstrated that ellipticine treatment 
increased the percentage of cells in G2/M phase from 13.75 to 
23.75%, in a dose‑dependent manner, which suggests that the 
ellipticine‑induced cell growth inhibition is related to cell cycle 
arrest. The ATM‑Chk1‑Cdc25C‑Cdk1 pathway was examined, 
which revealed that treatment with ellipticine induces G2/M 
arrest via activation of the ATM‑Chk1‑Cdc25C‑Cdk1 pathway. 
In addition, as demonstrated in Fig. 3, the percentage of cells 
in S‑phase was 33.86, 32.45, 37.56, 40.17, 49.63 and 46.96% 
with ellipticine concentrations of 0, 1, 2, 4, 8 and 16 µM, 
respectively. Unlike the G2/M phase, the S‑phase revealed a 
non‑dose dependent reduction, therefore suggesting that this 
was not a specific change caused by ellipticine. Fang et al (8) 
demonstrated that Akt is also the target of ellipticine in lung 
cancer. In the present study, ATM was confirmed to be a target 
of ellipticine in bladder cancer, but further research is needed 
to test for other targets. In addition, the mechanisms by which 
the ATM‑Chk1‑Cdc25C‑Cdk1 pathway was activated by ellip-
ticine treatment are not clear and need to be explored further.

To the best of our knowledge, the present study is the 
first to evaluate the motility of bladder cancer cells following 
ellipticine treatment in vitro. Using the T‑24 bladder cancer 
cell line, a significant and dose‑dependent decrease in motility 
was demonstrated following ellipticine treatment. Although a 
single cell line was used to substantiate these findings, T‑24 
is a typical bladder epithelial cell line which is hypothesized 
to accurately represent the features of bladder cancer. In 

preliminary experiments, the proliferation of T‑24, 5637, 
UM‑UC‑3 and J82 cell lines treated with ellipticine was 
assessed by CCK‑8 assay, which revealed that the inhibitory 
effect on T‑24 cells was the most significant (data not shown). 
Finally, although an effect of ellipticine in the motility of 
bladder cancer cells was demonstrated in the present study, 
the molecular mechanisms underlying this reduction remain 
unknown and future studies will be required to address this.

In conclusion, the present study demonstrated that ellip-
ticine induces cell death and G2/M cell cycle arrest and 
diminishes the migration ability of T‑24 bladder cancer cells 
in a dose‑ and time‑dependent manner. As demonstrated 
by western blot analysis of the ATM‑Chk1‑Cdc25C‑Cdk1 
pathway, ellipticine may inhibit cellular proliferation by gener-
ating a cell cycle arrest at the G2/M phase in T‑24 bladder 
cancer cells via the ATM pathway. Further investigation of the 
molecular events underlying ellipticine‑triggered cancer cell 
inhibition is required to fully assess the potential of ellipticine 
as a therapeutic in bladder cancer.
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