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Abstract. Isoliquiritigenin (ISL), a member of the flavonoids, 
has been demonstrated to possess antitumor activity in various 
cancer cell lines in vitro and in vivo. In this study, we investi-
gated the antitumor effects of ISL on U87 glioma cells in vitro. 
As determined by MTT assay, ISL inhibited the proliferation 
of U87 cells in a time-dependent and dose-dependent manner. 
The results of fluorescence-activated cell sorting (FACS) anal-
ysis suggested that ISL induced the apoptosis of the U87 cells 
and blocked cell cycle progression at the S and G2/M phases. 
Moreover, it was identified that ISL induced the apoptosis of 
the U87 cells in a caspase-dependent manner. Although treat-
ment with the pan-caspase inhibitor Z-VAD-FMK efficiently 
blocked the ISL-induced caspase activation, it did not elimi-
nate the ISL-induced cell death. Further examination using 
western blot analysis revealed that ISL upregulated p21/WAF1 
and p27. These results indicate that cell cycle arrest and the 
caspase-mediated apoptosis pathway may participate in the 
antiproliferative activity of ISL in U87 cells by regulating the 
expression of specific molecules.

Introduction

Glioblastoma (GBM) is one of most common malignant brain 
tumors in adults (1). The incidence of GBM in China is also 
increasing (2). Despite developments in neurosurgery, chemo-
therapy and radiation therapy, the prognosis of GBM has not 
changed significantly in the last decade. Surgical resection is 
the most effective method of therapy for GBM, however the 
high frequency of tumor recurrence is the major obstacle for 
GBM clinical therapy (3). As the current treatment modalities 
of GBM are not satisfactory, new agents for potential use in 
GBM clinical therapy have attracted attention.

Herbal therapies are gradually being recognized and  
adopted in clinical cancer therapy, and traditional Chinese 

medicine has demonstrated effectiveness in cancer 
therapy (4-6), not only by attenuating the side-effects of radical 
or chemical therapy but also by exhibiting antitumor efficacy, 
inhibiting the recurrence and metastasis of cancer, improving 
the quality of life and aiding the recovery of patients.

Flavonoids are polyphenolic compounds which exist in 
certain types of green vegetables, fruits and other botanicals. 
The significant physiological functions of flavonoids are 
attracting an increasing amount of attention. The results of an 
epidemiological survey have demonstrated that the intake of 
vegetables and fruits with high flavonoid contents reduces the 
incidence of cancer, including lung cancer and colon cancer (7). 
As flavonoids have varied bioactivities, efficient antitumor 
activity and low toxicity, the development of flavonoids is of 
significant value in cancer therapy and prevention (8). 

Isoliquiritigenin (ISL) is a flavonoid compound with a 
variety of bioactivities that is isolated from licorice (a legume) 
and shallot (a liliaceae), which are widely used in traditional 
Chinese medicine. The antitumor efficacy of ISL against 
various types of cancer has previously been demonstrated 
in vitro and in vivo (9-11). In the current study, the antitumor 
activity of ISL on the glioma cell line U87 was examined.

Materials and methods

Chemicals. ISL (Fig. 1A) was purchased from Sigma (St. Louis, 
MO, USA). It was dissolved in dimethyl sulfoxide (DMSO) and 
diluted prior to use. The pan-caspase inhibitor Z-VAD-FMK 
was purchased from Beyotime Institute of Biotechnology 
(Jiangsu, China). Antibodies against p21, p27, caspase-3 and 
β-actin were purchased from Santa Cruz Biotechnology (Santa 
Cruz, CA, USA). Horseradish peroxidase (HRP)-conjugated 
goat anti-mouse or anti-rabbit IgG were obtained from 
Beyotime Institute of Biotechnology. RPMI-1640 medium 
and fetal bovine serum (FBS) were supplied by Gibco (Grand 
Island, NY, USA). All other chemicals used in this study were 
biologically pure.

Cell culture and drug treatment. The U87 human glioma cells 
(American Type Culture Collection, ATCC; Manassas, VA, 
USA) were cultured in RPMI-1640 medium supplemented 
with 10% FBS, 100 U/ml penicillin and 100 µg/ml strepto-
mycin at 37˚C in a humidified atmosphere containing 5% CO2.

After the cells were grown to sub-confluence, they were 
pre-treated with various concentrations of ISL (10-80 µM) or 
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pan-caspase inhibitor Z-VAD-FMK (25 µM) in RPMI‑1640 
medium with 10% FBS for different times. Thereafter, the 
cells were washed twice with PBS and then cultivated for 
further assay.

Cell proliferation assay. U87 cells were plated in triplicate in 
96-well plates (Corning Inc., Corning, NY, USA) at a density 
of 5,000 cells/well. Following overnight cultivation, various 
concentrations of ISL were added and cultivation of the 
cells was continued for 12, 24, 48 and 72 h. The effects on 
cell growth were determined by methyl-thiazolyltetrazolium 
(MTT) assay. Briefly, 20 µl MTT solution (5 mg/ml) was 
added to each well and the cells were incubated for another 
4 h at 37˚C. Subsequently, 150 µl DMSO was added to dissolve 
the MTT formazan and the absorbance was measured using a 
microplate reader (Thermo Scientific, Rockford, IL, USA) at a 
wavelength of 570 nm.

Cell cycle analysis. U87 cells were plated at a density of 
1x106 cells/ml medium in 50-mm diameter dishes. ISL was 
added after 24 h of cultivation. The cells were harvested from 
the culture dishes 24 h later and stained with 70% ethanol 
at -2˚C. Prior to FACS analysis, the cells were washed with 
PBS twice, resuspended and then incubated with 200 µg/ml 
RNase A (Sigma) for 60 min at 37˚C. Propidium iodide (PI; 
Sigma) was added at 50 µg/ml and the cells were incubated 
in the dark for 15-30  min. The samples were analyzed 
using a fluorescence‑activated cell sorter (BD Calibur; BD 
Biosciences, San Jose, CA, USA).

FITC-Annexin V/PI apoptosis assay. U87 cells were plated 
at a density of 1x106 cells/ml medium in 50-mm diameter 
dishes. ISL was added after 24 h of cultivation. The cells were 
harvested from the culture dishes 24 h later by trypsinization. 
After washing twice with PBS, the cells were resuspended in 
500 µl binding buffer. Then, 5 µl FITC-labeled Annexin V 
(Kaiji Biotechnology Ltd., Nanjing, China) and 5 µl PI were 
added. Upon incubation in the dark for 15 min at room temper-
ature, the samples were analyzed with a FACScan instrument 
(BD Calibur).

Preparation of cell lysates. Following treatment with ISL 
for 24 h, the U87 cells were washed twice with ice-cold PBS 

and then scraped and lysed with RIPA lysis buffer (50 nM 
Tris, pH 7.4, 150 mM NaCl, 1% Triton X-100, 1% sodium 
deoxycholate, 0.1% SDS and 0.05 mM EDTA). A cocktail of 
protein inhibitor mix (25 mM NaF, 1 mM Na3VO4, 20 mM 
β-glycerophosphate, 20 mM PNPP, 1 mM PMSF, 1 mg/ml 
leupeptin, 1 mg/ml aprotinin and 1 mg/ml pepstatin A) was 
also added to the RIPA lysis buffer. The samples were then 
centrifuged at 12,000 x g for 30 min at 4˚C and the super-
natants were collected as the total cell extracts. Protein 
concentrations were quantified using a BCA protein assay kit 
(Pierce, Rockford, IL, USA)

Western blot analysis. Western blot analysis was used to 
detect p21, p27 and caspase-3, with β-actin as a control. An 
aliquot of cell lysate containing 50 µg protein was sepa-
rated on 12% sodium dodecyl sulfate-polyacrylamide gel 
(SDS-PAGE), and then transferred to a 0.45-µm polyvinyli-
dene fluoride membrane. The membranes were blocked with 
5% non-fat milk in Tris-HCl, pH 7.5, and 150 mmol/l NaCl 
containing 0.1% Tween-20 for 1 h and then incubated with 
individual primary antibodies overnight at 4˚C. The blots 
were then incubated with HRP-conjugated antibody. Signals 
were detected using enhanced chemiluminescence reagents 
(Millipore, Billerica, MA, USA) and densitometric analysis 
was performed with the use of X-ray film. The expression 
levels were normalized to β-actin and the control levels were 
set to 100%.

Statistical analysis. The results in this study are expressed as 
the mean ± SD. Treatment effects were compared using the 
Student's t-test and P<0.05 was considered to indicate a statis-
tically significant result.

Results

Inhibitory effects of ISL on the proliferation of glioma cells. The 
inhibitory effects of ISL on U87 glioma cells were assessed by 
MTT assay. The U87 cells were treated with various concen-
trations of ISL for different times and then examined by MTT 
assay. As shown in Fig. 1B, incubation with ISL for 12 h at 
concentrations of 0-80 µmol/l had no effect on the viability of 
the U87 cells. Otherwise, the inhibitory effects of ISL on the 
U87 cells increased as the time of treatment increased.

Figure 1. Growth inhibitory effect of isoliquiritigenin (ISL) on U87 glioma cells. (A) Chemical structure of ISL. (B) Time- and dose-dependent effects of ISL 
on the proliferation of U87 cells. Values represent the mean of three independent experiments.

  A   B
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Cell cycle arrest induced by ISL. The effect of ISL on the cell 
cycle of the U87 cells was determined by FACS analysis. As 
shown in Fig. 2, ISL markedly induced S and G2/M phase 
arrest in a concentration-dependent manner. ISL at a concen-
tration of 10 µM had no evident effect on cell cycle arrest. The 
levels of S and G2/M arrest increased as the ISL concentra-
tion increased. As the ISL concentration increased from 0 to 
60 µmol/l, an increase in the percentage of cells in the G2/M 
phase from 11.55 to 29.91% and an increase in the percentage 
of cells in the S phase from 24.87 to 42.62% was observed. 
By contrast, the percentage of cells in the G1 phase decreased 
from 63.58 to 24.48% following treatment with ISL at corre-
sponding doses.

Apoptosis induced by ISL. The apoptosis of the U87 cells 
induced by ISL was analyzed by FACS. Annexin V/PI anal-
ysis was used to examine the apoptosis of the U87 cells after 
24 h of culturing in the presence of various concentrations 
of ISL. The results (Fig. 3) revealed that ISL induced apop-
tosis and necrosis of the U87 cells. As the ISL concentration 
increased, the percentages of apoptosis and necrosis were 
increased dose-dependently. As shown in Fig. 3, as the ISL 
concentration increased from 0 to 60 µM, the percentages 
of UR (secondary apoptotic or late stage necrotic), LR (early 
apoptotic) and UL (non-apoptotic necrotic) cells increased 
from 1.54 to 11.12%, 1.42 to 8.76% and 7.77 to 16.93%, 
respectively. As observed from Fig. 3, the percentages of UR 
and LR cells did not markedly change as the ISL concentra-
tion was increased from 40 to 60 µM, however the percentage 
of UL cells increased as the ISL concentration increased, 

which indicated that ISL was able to induce U87 cell death 
by a non-apoptotic process.

Apoptosis is induced by ISL via apoptosis-dependent and 
non‑apoptosis-dependent pathways. To investigate the 
detailed mechanism of the ISL-induced apoptosis, the 
pan‑caspase inhibitor Z-VAD-FMK was added and FACS 
was used to detect the change of cell apoptosis. Notably, 
the results of FACS (Fig. 4) revealed that the pan-caspase 
inhibitor Z-VAD-FMK decreased the ISL-induced apoptotic 
cell death (LR and UR), however, the percentages of the U87 
glioma cells undergoing necrotic cell death (UL) were not 
affected by the addition of the pan-caspase inhibitor. This 
indicates that ISL was able to induce the death of U87 cells 
via a non-apoptotic pathway. As shown in Fig. 4, the treatment 
with Z-VAD-FMK did not alter the percentage of living cells. 
The results of western blot using caspase-3 antibody (Fig. 5) 
verified that treatment with ISL induced the activation of 
caspase-3, and that the pan-caspase inhibitor Z-VAD-FMK 
at 25 M was able to block the activation of caspase-3 and 
thereby reduce the percentage of early apoptotic cells. 
However, the percentage of total living cells was not altered 
by the treatment with Z-VAD-FMK, and the percentage of 
nonapoptotic necrotic cells was increased along with the ISL 
concentration.

Effects of ISL on p27 and p21 expression levels determined 
by western blot analysis. To further investigate the mecha-
nism of the ISL-induced cell cycle arrest and apoptosis, the 
protein expression levels of p21 and p27 were determined 

Figure 2. Effect of isoliquiritigenin (ISL) on the cell cycle of U87 cells. The U87 cells were exposed to various concentrations of ISL for 24 h and stained with 
propidium iodide to determine the DNA content. The percentages of the cells in each phase of the cell cycle were determined by flow cytometric analysis.
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Figure 3. Apoptosis induced by isoliquiritigenin (ISL). U87 cells were treated with ISL for 24 h at various concentrations. The cells were trypsinized, stained 
with Annexin V and propidium iodide (PI) and then analyzed by flow cytometry. LL, living cells; UL, non-apoptotic necrotic cells; LR, early apoptotic 
cells; UR, cells undergoing secondary apoptosis and late stages of necrosis. Data are expressed as a percentage of total cell number. Each bar represents the 
mean ± SD.

Figure 4. Caspase inhibitor Z-VAD-FMK decreases isoliquiritigenin (ISL)-induced apoptotic cell death, but not necrotic cell death in U87 glioma cells. The 
U87 cells were preincubated with or without 25 µmol/l Z-VAD-FMK for 2 h and then treated with ISL for 24 h. LL, living cells; UL, non-apoptotic necrotic 
cells; LR, early apoptotic cells; UR, cells undergoing secondary apoptosis and late stages of necrosis. Data are representative of three independent experiments 
with similar results.
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by western blot analysis. As shown in Fig. 6, the expression 
levels of the p21 and p27 proteins were upregulated as the ISL 
concentration increased. 

Discussion 

ISL has been considered as a potential therapeutic agent for 
the treatment of cancer, and has demonstrated antitumor 
efficacy in various types of cancer, including colon (9,12), 
breast (13,14), gastric (15) and prostate cancer (16) and mela-
noma (17). However, the effects of ISL in glioma cancer cells 
remain unknown. In this study, we examined the effect and 
mechanism of ISL on human glioma cell growth. Our results 
revealed that ISL inhibited the growth of U87 glioma cells in 
a time-dependent and dose-dependent manner. Treatment of 
the U87 cells with ISL resulted in G2/M-phase and S-phase 
cell cycle arrest and induced apoptosis in a dose‑dependent 
manner. The blockade of cell cycle progression by ISL was 
achieved through upregulation of the p21/WAF1 and p27 path-
ways. In addition, the cell death of U87 cells induced by ISL 
progressed via apoptotic and necrotic pathways.

The results of MTT assays revealed that ISL inhibited 
the proliferation of U87 cells in a time- and dose-dependent 
manner. However, the MTT assay system determined only the 
total percentage of cell death and did not discriminate between 
cell death occurring via apoptotic or necrotic pathways. With 
Annexin V/PI doubled staining using FACS for phosphatidyl 
serine detection, it was identified that ISL induced the death of 
the U87 glioma cells in apoptotic and non-apoptotic manners. 
We identified that the necrotic phenotype occurred in more 
cells than the apoptotic phenotype, therefore, necrosis may be 
the prevalent response to ISL treatment in U87 glioma cells. 
To further investigate whether the underlying mechanism 
of cell death induced by ISL was caspase-related or not, we 
blocked caspases with the pan-caspase inhibitor Z-VAD-FMK 
and analyzed the cell death. The results of western blot 
analysis revealed that caspase-3 activation was effectively 
blocked, however, the percentage of living cells did not 
increase, which suggests that ISL-induced cell death occured 
in a caspase‑independent manner. The results of FACS also 
revealed that the percentage of necrotic cells increased with 
the increase of ISL concentration and was not altered by treat-
ment with the pan-caspase inhibitor Z-VAD-FMK, indicating 
that the non-apoptotic cell death induced by ISL was predomi-
nant compared with the cell death occurring via an apoptotic 
pathway.

It was also identified that p21/WAF1 and p27 were 
upregulated by the treatment with ISL, in accordance with the 
results reported by others (18-20), indicating that the G2/M 
arrest induced by ISL is a general effect occurring in multiple 
cell lines. p21/WAF1 and p27 are universal inhibitors of 
cyclin‑dependent kinases and play important roles in G2/M 
arrest. The upregulation of p21 and p27 may contribute to the 
antiproliferative activity of ISL in U87 glioma cells.

In summary, the results of our study suggest that ISL 
induced apoptotic and necrotic cell death of U87 glioma cells, 
and that ISL-induced cell death occurred in the presence of the 
caspase inhibitor Z-VAD-FMK. The ISL induced signaling 
involves the upregulation of p21/WAF1 and p27. As ISL 
has demonstrated evident bioactivity in cancer therapy and 
prevention, distinguishing the onset of ISL-induced apoptosis 
or necrosis using an in vitro cell culture system is likely to be 
important for the utilization of this compound as a potential 
therapeutic agent in humans.

Figure 5. Effects of the pan-caspase inhibitor Z-VAD-FMK on the 
isoliquiritigenin (ISL)-induced caspase-3 activation in U87 glioma cells. The 
cells were pre-treated with or without Z-VAD-FMK (25 µM) for 2 h and then 
exposed to ISL (60 µM) for 24 h. After treatment, the expression of caspase-3 
was analyzed by western blot analysis as described in Materials and methods. 
Band density data are expressed as the mean ± SD.

Figure 6. Effects of isoliquiritigenin (ISL) on p27 and p21 protein expression in 
U87 cells. U87 human glioma cells were treated with ISL (0, 20, 40 and 60 µM), 
p21 and p27 levels were determined by western blot and analyzed using ImageJ 
software. Data are the mean ± SD of three determinations. *P<0.05 compared 
with the control (0 µM ISL); **P<0.01 compared with the control (0 µM ISL).
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