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A b s t r a c t

Introduction: The aim of this study was to investigate the proliferation and 
apoptosis of T24 after treatment with isoliquiritigenin (ISL) and to explore 
the underlying mechanism.
Material and methods: T24 cells were divided into 6 groups and cultured. 
The five experimental groups were seeded into medium with 10, 20, 40, 80, 
and 160 µM ISL and the control group was administered with 0.01% DMSO. 
The cell morphology was observed using an optical microscope. The prolif-
eration of cells and half maximal inhibitory concentration (IC50) were deter-
mined and calculated by MTS. Cell cycle and apoptosis were evaluated by 
flow cytometry. The migration ability of cells was detected by wound healing 
assay. The expression of B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X pro-
tein (Bax), and proliferating cell nuclear antigen (PCNA) was determined by 
RT-qPCR and western blot. 
Results: At 24 h after treatment with ISL, morphology revealed that cell 
number diminished and the cell volume shrank with increasing concentra-
tion. According to the results of MTS, ISL significantly inhibited the T24 cell 
proliferation in a dose- and time-dependent manner. Flow cytometry showed 
that ISL could block the replication of T24 cell DNA from S phase to G2,  
therefore promoting cell apoptosis. Wound healing assay showed that at 
48 h after treatment with ISL, the migration of T24 cells was remarkably 
inhibited. The results of RT-qPCR and Western blot revealed that after 24 h 
of treatment, the expression levels of Bcl-2 and PCNA were down-regulated, 
and the expression level of Bax was increased in the different dose of the 
ISL treated group.
Conclusions: ISL possesses detrimental effects on the viability of BC cell T24 
in a dose-dependent manner via blocking the cell cycle and inducing apop-
tosis by down-regulation of PCNA and Bcl-2 expression and up-regulation of 
Bax expression. 

Key words: isoliquiritigenin, bladder cancer, T24 cells, proliferation, 
apoptosis, Bcl-2/Bax, PCNA.

Introduction

Bladder cancer (BC), as one of the top ten malignant tumors in the 
human body, is the most common malignant tumor of the urinary sys-
tem, with the highest mortality rate among urogenital tumors in China 
[1]. Currently, routine treatment for BC is a  combination of surgery and 
adjuvant chemotherapy. But chemotherapeutic drugs are toxic to both 
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tumor cells and normal cells, causing serious side 
effects and leading to various organ dysfunctions 
[2], with unsatisfactory efficacy as well. The B-cell 
lymphoma 2 (Bcl-2) gene is closely related to the 
occurrence of tumors [3, 4]. Bcl-2 and Bcl-2-asso-
ciated X protein (Bax) are important members of 
the Bcl2 gene family. Bcl-2 can inhibit apoptosis, 
while Bax can promote apoptosis. The ratio of Bcl-2  
and Bax determines susceptibility to an apoptot-
ic or survival signal [5]. Proliferating cell nuclear 
antigen (PCNA) plays an important role in regu-
lating cell transition from G1 phase to S phase in 
the cell cycle, and its increased concentrations in S 
phase and G2 phase is a prerequisite for the syn-
thesis of DNA, thereby initiating the proliferation 
of cancer cells [6]. Isoliquiritigenin (ISL) is one kind 
of isoflavone compounds extracted from natural 
Chinese herbal medicines, such as licorice root. 
It is the main biological active component in lic-
orice root. ISL has been widely used in treatment 
of tumors and their complications, because of its 
mild medicinal properties and limited toxic and 
side effects [7]. Meanwhile, its anti-inflammatory 
[8] and anti-tumor [9] activities have been proved  
in vivo and in vitro. Previous research has shown 
that ISL can suppress the proliferation of lung cancer 
cells as well as inducing cell apoptosis in G1 phase 
through increasing expression of p53 and p21/
WAF1 proteins, which leads to cell cycle arrest [10]. 
It can also inhibit the proliferation, invasion and mi-
gration of gastric cancer, prostate cancer, and breast 
cancer cells [11–13]. More importantly, appropriate 
doses of ISL are non-toxic to normal cells and tis-
sues [14], ensuring its safety in clinical. Recent stud-
ies have confirmed that ISL can significantly reduce 
the proliferation rate of T24 cells and increase the 
apoptosis rate of T24 cells in a  dose-dependent 
manner [15]. T24 cells exhibit typical morphology of 
apoptosis after treatment with ISL, including nucle-
ar shrinkage, nuclear fragmentation, chromosome 
edge set, etc. It is speculated that the anti-tumor 
mechanism of ISL might be associated with the in-
crease of CDK2 viability, the down-regulation of in-
ner mitochondrial membrane potential (DeltaPsim), 
and activation of the caspase-3/9-mediated mito-
chondrial apoptotic signaling pathway [15–18], but 
the specific molecular mechanism of ISL in cancer 
treatment remains unclear. 

In this study, we aimed to investigate the inhib-
itory effect of ISL on bladder cancer, and its effects 
on the expression of Bcl-2/Bax and PCNA in BC 
T24 cells.

Material and methods 

Materials and instruments

T24 human bladder cancer cells (Institute of 
Biochemistry and Cell Biology, CAS); isoliquiri-

tigenin (961-29-5 standard product, Shanghai 
Guangrui Biotechnology Co., Ltd); RPMI-1640 (Hy-
clone, Cat. No. SH30809.01B) and fetal bovine se-
rum (FBS) (Hyclone, Cat. No. SH30087.01); penicil-
lin and streptomycin (Hyclone, Cat. No. SH30010); 
phosphate buffer saline (PBS) (Hyclone, Cat. 
No. SH30256.01B), Annexin V-FITC apoptosis de-
tection kit (keygen, Cat.No.KGA106); cell cycle de-
tection kit (keygen, Cat.No.KGA511).

Suzhou Antai clean bench (SW-CJ-IFD); low 
speed centrifuge (Zhongjia, SC3614); inverted op-
tical microscope (OLYMPUS CKX41, U-CTR30-2); 
cell incubator (Thermo scientific, HERACELL150i).

Cell culture and grouping

T24 cells were cultured in the RPMI-1640 
medium supplemented with 10% FBS, 100  IU/
ml penicillin and 10 mg/mL streptomycin and 
maintained in a humidified atmosphere contain-
ing 5% CO2 at 37°C. The cultured T24 cells were 
divided into six groups: a control group and five 
groups treated with 10 µM, 20 µM, 40 µM, 80 
µM, 160 µM ISL respectively. At 24 h after treat-
ment with ISL with different concentrations, the 
morphological changes of T24 cells were ob-
served under an inverted optical microscope and 
photographed.

MTS assay

According to the description of Malich [18], the 
cells were seeded into a 96-well culture plate. Af-
ter cell adhesion, the cells were collected at indi-
cated time points and CellTiter 96 AQ was added 
at a ratio of 1 : 10. OD490 was measured by a mi-
croplate reader with MTS after 4 h of incubation. 
Proliferation rate = (average OD value at other 
time points/0-hour average OD value – 1) × 100% 
(same sample); inhibition rate = (1 – average OD 
value of experimental groups/average OD value of 
control group) × 100% (same time). The graphic 
method was used to calculate the IC50 value at 
24 h, 48 h, and 72 h.

Flow cytometry to detect apoptosis 

The culture medium of each group in the cul-
ture plates was transferred to 15 ml conical tubes 
in an ice bath. The cells were rinsed with 2 ml of 
PBS. Subsequently, the cells were trypsinized by 
0.5 ml of trypsin (excluding EDTA) and continued 
to incubate as well as resuspended in pre-chilled 
medium in an ice bath. A  total of 0.5 ml of cell 
suspension was transferred to a clean centrifuge 
tube, then 1.25 µl Annexin V-FITC was added. The 
cell suspension reacted at room temperature for 
15 min in the dark. After that, it was centrifuged 
at 1000 × g for 5 min. The supernatant was as-
pirated before PBS was used to resuspend the 
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cells. After addition of 10 µl of propidium iodide 
(PI), apoptosis was immediately measured using 
a flow cytometer.

Flow cytometry to detect cell cycle 

After 48 h of cell transfection, the cells of each 
group were collected and were washed twice with 
pre-chilled PBS. Seventy percent pre-chilled etha-
nol was added to the medium to fix the cells at 
4°C overnight. Subsequently, they were centri-
fuged and collected and then rinsed with PBS. The 
cells were later suspended in 500 µl of PBS with 
50 µg/ml of PI, 100 µg/ml of RNase A and 0.2% 
Triton X-100. Finally, they were incubated at 4°C in 
the dark for 30 min. Cell cycle was detected using 
the flow cytometer. The results were analyzed by 
ModFit software.

Wound healing assay 

Under aseptic condition, fibronectin was add-
ed to a  6-well plate at 4°C overnight. The next 
day, RPMI-1640 culture solution containing 10% 
FBS was added, and the plate was sterilized un-
der UV for 2 h. The cell suspension in the loga-
rithmic growth phase was uniformly seeded into 
the 6-well culture plate, and cultured in an incu-
bator at 37°C with 5% CO

2. After the cells grew 
into a  monolayer, each group was treated with 
mitomycin for 1 h, and the medium was replaced.  
Subsequently, the cell plate was scratched and 
the cells were rinsed 2–3 times with PBS and se-
rum-free medium was added. The control group 
was cultured with serum-free RMPI-1640 medium, 
while the experimental groups were intervened 
with serum-free RMPI-1640 medium containing 
ISL. The samples were taken for observation at 0, 
12, 24, and 48 h after culture. Image Pro-Plus 6.0 
software was applied to measure the width of the 
scratch wounds at any eight locations of cells in 
each group at the same time to calculate cell mi-
gration distance and mobility.

Quantitative reverse transcription PCR  
(RT-qPCR) assay

The total RNA was extracted using Trizol (In-
vitrogen, CA, USA) according to the manufactur-
er’s instructions, and was reversed-transcribed to 
cDNA as described by Li et al. [19]. The RT-qPCR 
reaction was performed under the following reac-
tion conditions: 95°C for 5 min, 95°C for 15 s, 60°C 
for 30 s, 40 cycles. The Ct method (2–DDCt) was used 
for relative quantitative analysis. 

Western blotting 

The total protein of each group of cells was ex-
tracted by RIPA lysis buffer. After the protein con-

centration was measured using a BCA protein as-
say kit, the extracted protein solution and sample 
buffer were mixed in a ratio of 2 : 1 and boiled for 
5 min. After 80 V constant pressure treatment for 
5 min, 120 V constant voltage electrophoresis was 
performed until the bromophenol blue appeared 
on the bottom of the gel.

The hybrid membrane was rinsed with TBST for 
5 min 3 times and blocked with 5% dried skimmed 
milk powder at room temperature for 1 h follow-
ing washing. The membrane was incubated over-
night at 4°C with appropriate primary antibodies 
(dilution rate 1 : 1000) (Anti-PCNA antibody, Cat.
No.ab29; BCL-2, Cat.No.ab32124; Anti-Bax anti-
body, Cat.No.32503. Purchased from Abcam Co., 
Ltd). After rinsing with TBST for 2 min 3 times, the 
membrane was then incubated at 37°C for 1  h 
with the secondary antibodies: Rabbit Anti-Mouse 
IgG, Cat.No.6170-05 (Southern Biotech, 1 : 4000); 
Goat Anti-Rabbit IgG, Cat.No.4050-05 (Southern 
Biotech, 1 : 5000); Peroxidase-labeled rabbit an-
ti-goat IgG, Cat.No.BA1060 (Wuhan Boster Biolog-
ical Technology Co., Ltd, 1 : 3000); Peroxidase-la-
beled rabbit anti-rat IgG, Cat. No. BA1058 (Wuhan 
Boster Biological Technology Co., Ltd, 1 : 2000). 
After being rinsed with TBST, the membrane was 
rinsed with distilled water for 2 min 3 times. The 
chemiluminescent substrates were uniformly add-
ed to the surface of the membrane through a pi-
pette and reacted for 5 min. The excess substrate 
solution on the surface of the membrane was ab-
sorbed with the filter paper in the kit, and then 
the cells were sent for development.

Statistical analysis

Data were presented as the mean ± standard 
deviation (SD) and were analyzed using SPSS soft-
ware (version 21.0). Comparisons among multiple 
groups were performed using variance analysis, 
while comparisons between groups were per-
formed using the Student-Newman-Keuls (SNK) 
method. P < 0.05 indicated significance. 

Results

Morphology of T24 cells after ISL treatment

The morphology of the T24 cells varied after 
being treated with different concentrations of ISL 
for 24 h. In the control group, there was a  large 
number of cells in high density, with spindle or 
irregular shape and strong refraction. Compared 
with the control group, the number and density 
of cells were slightly reduced in the 10 µM and 
20 µM ISL treated groups. As for the 40 µM,  
80 µM, and 160 µM ISL treated groups, the num-
ber of cells was gradually decreased, the cell vol-
ume was minimized and deformed, with the pres-
ence of shrinkage, roundness and shedding, and 
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Figure 1. Morphological changes of T24 cells after treatment with different concentrations of ISL (10×). T24 cells 
were treated with ISL at concentrations of 10, 20, 40, 80, and 160 µM for 24 h, and morphological changes were 
observed under an inverted microscope

ISL – isoliquiritigenin.

 Control 10 μM ISL 20 μM ISL

 40 μM ISL 80 μM ISL 160 μM ISL

Figure 2. ISL inhibits proliferation of T24 cells. A – T24 cell viability was determined by MTS assay, treating with 
varying concentrations of ISL (10, 20, 40, 80, and 160 µM) for 24, 48, and 72 h. B, C – The proliferation rate (B) and 
inhibition rate (C) were calculated. D – IC50 of ISL on T24 cells at 24, 48, and 72 h

*P < 0.05 vs. control group. IC
50

 – half maximal inhibitory concentration.
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the cell refractivity was also significantly reduced 
(Figure 1). 

ISL inhibits proliferation of T24 cells 

At 24, 48, 72 h after the treatment with ISL at 
different concentrations, the proliferation of T24 
cells was detected by MTS. Compared with the 
control group, the cell viability (Figure 2 A) and the 
proliferation rate (Figure 2 B) were decreased in 
the ISL treated groups in a dose-dependent man-
ner, while the inhibition rate (Figure 2 C) showed 
an upward trend. Similarly, cell viability and prolif-
eration rate also showed a downward trend and 
the inhibition rate of T24 cell showed an upward 
trend in a  time-dependent manner. As shown in 
the IC50 curve regression results (Figure 2 D), it 
can be observed that IC50 = 82.34 µM on the first 
day, IC50 = 48.82 µM on the second day, and IC50 = 
32.91 µM on the third day. These results indicated 
that ISL significantly inhibited T24 cell prolifera-
tion in a time- and dose-dependent manner.

ISL inhibits cell cycle of T24 cells 

After treatment with ISL for 24 h, there was 
a  reduction of cells in S phase and an accumu-

lation of cells in G1 phase in a  dose-dependent 
manner. Reduction of cells in G2 phase could be 
observed with a 160 µM dose, while the changes 
were not significant under a 80 µM dose. These 
results indicated that ISL arrested cell cycle pro-
gression from G1 to S phase (Figures 3 A, B).

ISL promotes apoptosis of T24 cells 

The results of flow cytometry (Figures 4 A, B) 
showed that the T24 cell apoptosis was increased 
in the ISL treated groups in a  dose-dependent 
manner. Compared with the control group, the 
apoptosis rate was significantly increased in the 
40 µM, 80 µM and 160 µM ISL treated groups  
(p < 0.05). These results indicated that ISL pro-
moted apoptosis of T24 cells in vitro in a dose-de-
pendent manner. 

ISL reduces migration of T24 cells 

In the wound healing assay, the T24 cells were 
taken for observation at 0 h and 48 h after cul-
ture (Figure 5). The cells in the control group had 
basically fused after 48 h. With increasing concen-
tration of ISL, the cell confluency rate became sig-
nificantly slower. The cell migration rate was sig-

Figure 3. ISL inhibits cell cycle of T24 
cells. A, B – The cell cycle of T24 cells 
was detected by flow cytometry 24  h 
after ISL (10, 20, 40, 80, and 160 µM) 
treatment
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nificantly decreased in the 80 µM and 160 µM ISL 
treated groups, compared with the control group.

mRNA expression of PCNA, Bcl-2, and Bax

The RT-qPCR results of PCNA, Bcl-2 and Bax after 
treatment with ISL for 24 h are shown in Figure 6.  
Compared with the control group, the mRNA ex-
pression of Bcl-2 and PCNA was decreased (p < 
0.05) while the mRNA expression of Bax was in-
creased gradually with increasing concentrations 
of ISL (p < 0.05). 

Expression of PCNA, Bcl-2, and Bax proteins

Western blot assay was used to determine the 
PCNA, Bcl-2, and Bax protein expression levels in 
T24 cells after treatment with ISL for 24 h (Figures 
7 A, B). The results showed that ISL significantly 
decreased PCNA and Bcl-2 protein expression and 

increased Bax protein expression in the T24 cells 
compared with the control group (p < 0.05).

Discussions

BC is one of the malignant tumors affecting 
human life with high morbidity and incidence 
rates, imposing a heavy social and economic bur-
den [20–22]. The current mainstream therapy of 
BC has major toxic and side effects, and the prob-
lems are still unresolved. Recently, some natural 
herbal medicine extracts which possess limited 
toxic and side effects have been found to achieve 
a good therapeutic effect in cancer treatment, so 
they have become a focus in recent research. ISL is 
one of the most important isoflavone compounds 
which is isolated from licorice root and other 
plants. Zhou et al. [23] confirmed that ISL could in-
hibit human glioma cell proliferation and induced 
apoptosis in vitro. Wang et al. [24] found that ISL 

A Control 10 μM ISL 20 μM ISL

 40 μM ISL 80 μM ISL 160 μM ISL

Figure 4. ISL promotes apoptosis of T24 cells.  
A, B – The cell apoptosis of T24 cells was detected 
by flow cytometry 24 h after ISL (10, 20, 40, 80, and 
160 µM) treatment

*P < 0.05 vs. control group. NS – no statistical significance.
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 Control 10 μM ISL 20 μM ISL 40 μM ISL 80 μM ISL 160 μM ISL

0 h

48 h

Figure 5. ISL inhibits migration of T24 cells. Wound healing assay indicated that the migration of T24 cell was 
decreased after ISL (10, 20, 40, 80, and 160 µM) treatment at 48 h

Figure 6. Effects of ISL on mRNA expression levels 
of PCNA, Bcl-2, and Bax in T24 cells. Expression of 
PCNA, Bcl-2, and Bax was detected with RT-qPCR 
in T24 cells treated with ISL (10, 20, 40, 80, and  
160 µM) at 24 h

*P < 0.05 vs. control group.
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Figure 7. Protein expression of PCNA, Bcl-2, and Bax of T24 cells treated with ISL (10, 20, 40, 80, and 160 µM) for 
24 h

*P < 0.05 vs. control group.

could inhibit the proliferation of nasopharyngeal 
carcinoma cells and induced apoptosis through 
miR-32/LATS2/Wnt. ISL also suppressed the pro-
liferation and migration of lung cancer cells A549 
[25] and osteosarcoma U2OS cells [26] through 
the PI3K/AKT signaling pathway. These studies 
have confirmed that ISL can induce apoptosis of 
tumor cells. In addition, the change of intracellular 
Bax and Bcl-2 expression ratio can affect the re-
lease of mitochondrial content, which determines 
the susceptibility to apoptosis [27]. ISL was proved 
to induce apoptosis of human cervical carcinoma 
HeLa cells through down-regulating the expres-
sion of Bcl-2 and Bcl-x and up-regulating Bax ex-
pression, thereby activating the apoptosis signal-
ing pathway [28]. Based on previous research, we 
focused on the effect of ISL on the expression of 
PCNA and Bcl-2/Bax in BC T24 cells and its specific 
mechanism to suppress tumorigenesis.

In this study, the number of adherent T24 cells 
was reduced with shrinking cell volume and de-
creasing refractive index after treatment with ISL. 
In the 80 or 160 µM ISL treated groups, typical 
apoptotic morphology occurred, characterized as 
nuclear shrinkage, fragmentation, chromosome 
edge set, etc. In the ISL treated groups, the prolifer-
ation and migration rates of T24 cells were signifi-
cantly reduced while the apoptosis was increased 

in a  dose-dependent manner. These results 
demonstrate that ISL can inhibit the migration and 
proliferation of BC T24 cells, promote their apop-
tosis, and reduce their viability. According to the 
results of flow cytometry to detect the cell cycle, in 
the ISL treated groups, T24 cells at G1 phase were 
significantly increased in a dose-dependent man-
ner. The early apoptosis rate added up to 52.6% 
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when the dose reached 160 µM, while the G2 and 
S phases were significantly shortened. These re-
sults indicated that ISL arrested T24 cells at the G1 
phase, hence blocking DNA replication and inhib-
iting the growth of T24 cells. The RT-qPCR results 
showed that the expression level of Bax in T24 
cells increased after treatment with ISL. Notably, 
the expression level of Bax increased significantly 
in the 80 and 160 µM ISL treated groups compared 
with the control group, while the expression lev-
els of Bcl-2 and PCNA increased with decreasing 
ISL concentration. In sum, the overall Bcl-2/Bax 
ratio decreased, indicating that ISL can block the 
process of DNA synthesis. Bax, can interact with 
Bcl-2 to form heterodimers or interact with itself 
to form homodimers. Increasing Bax homodimers 
often leads to apoptosis [29], while PCNA plays an 
important role in cell proliferation priming. Results 
of western blot further proved that increasing ISL 
concentration significantly suppressed the protein 
expression levels of PCNA and Bcl-2 in T24 cells 
and promoted the protein expression levels of Bax.

These results confirm that ISL can regulate the 
T24 cell cycle, specifically reduce the G2 phase 
sharply, and increase the accumulation of cells at 
the G1 phase, thereby inhibiting the growth and 
inducing apoptosis of BC T24 cells. 

In conclusion, ISL can suppress the expression 
levels of PCNA and Bcl-2 in vitro, and up-regulate 
the expression of Bax, thus reducing the ratio 
of Bcl-2/Bax. This may be one of the molecular 
mechanisms of the ISL anti-tumor effect. The ex-
perimental results have great clinical significance 
for the treatment and cure of BC.
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