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Glycycoumarin exerts anti-liver cancer activity by directly 
targeting T-LAK cell-originated protein kinase
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ABSTRACT
Glycycoumarin (GCM) is a major bioactive coumarin compound isolated from 

licorice and the anti-cancer activity of GCM has not been scientifically addressed. 
In the present study, we have tested the anti-liver cancer activity of GCM using 
both in vitro and in vivo models and found for the first time that GCM possesses a 
potent activity against liver cancer evidenced by cell growth inhibition and apoptosis 
induction in vitro and tumor reduction in vivo. Mechanistically, GCM was able to bind 
to and inactivate oncogenic kinase T-LAK cell-originated protein kinase (TOPK), which 
in turn led to activation of p53 pathway. Our findings supported GCM as a novel active 
compound that contributed to the anti-cancer activity of licorice and TOPK could be 
an effective target for hepatocellular carcinoma (HCC) treatment.

INTRODUCTION

Hepatocellular carcinoma (HCC) is currently the 
second leading cause of cancer-related death worldwide 
[1]. Molecular-targeted treatment for HCC with 
sorafenib, a multikinase inhibitor that blocks growth 
factor receptor-mediated signaling, demonstrated an 
encouraging clinical outcome and represents future 
trends for the treatment of HCC [2]. Novel molecular-
targeted agents are being intensively investigated 
for the improvement in the management of HCC [3]. 
T-LAK cell-originated protein kinase (TOPK/PBK), a 
member of serine-threonine mitogen-activated protein 
kinase kinase family, is found highly expressed in 
certain types of cancer including breast [4], colon [5] 
and lung [6] cancer and HCC [7], and activation of 
TOPK is closely linked to the tumor development. It has 
been shown that inactivation of TOPK by its inhibitors 
strongly suppressed tumor growth in xenograft models 
of human colon [8] and lung cancer [9]. We speculated 
that TOPK could also be an effective target for HCC 
therapy, and the agents that can block TOPK could also 
be effective against HCC.

Herbal medicine has been used for centuries to 
manage various diseases including cancer. Licorice, one 
of the most popular employed medicinal plants in the 
Traditional Chinese Medicine, has been found to process 
multiple biological functions including anti-inflammatory, 
antivirus, anti-cancer, anti-spasmodic and hepatoprotective 
effects [10-12]. It has been documented that the main 
bioactive chemical constituents in licorice include 
flavonoids, triterpene saponins, and coumarins [13]. 
Glycycoumarin (GCM) (Figure 1A) is a representative 
coumarin in licorice with favorable pharmacologic feature 
in vivo [13]. It has been shown that GCM possesses anti-
viral [14, 15], anti-inflammatory [16], anti-spasmodic 
[17] and liver protective effect [18]. We hypothesized 
that GCM could be one active component of licorice that 
contributed to its anti-cancer activity. In the present study, 
the anti-cancer activity of GCM has been evaluated using 
both in vitro and in vivo models. The results demonstrated 
that GCM is highly effective against liver cancer in both 
cell culture and HepG2 xenograft models. Mechanistically, 
the anti-cancer activity of GCM was attributed to its ability 
to directly inactivate TOPK, which in turn led to p53-
dependent cell growth inhibition and apoptosis induction.
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Figure 1: GCM induces cell cycle arrest and apoptosis in HepG2 cells. A. Chemical structure of GCM. B. Overall inhibitory 
effects of GCM on HepG2 cells measured by crystal violet staining. C. Influences of GCM on cell cycle distribution measured by flow 
cytometry following staining with propidium iodide. D. Apoptosis induction in response to GCM assessed by Annexin V/FITC Staining. 
E. Activations of caspases by GCM analyzed by western blotting.



Oncotarget65734www.impactjournals.com/oncotarget

RESULTS

GCM induces cell cycle arrest and apoptosis in 
HepG2 cells

To evaluate the overall inhibitory effects of GCM on 
liver cancer cells, HepG2 hepatoma cells were exposure to 
various concentrations of GCM for 36 h and crystal violet 
staining was employed to measure the cell viabilities. 
As shown in Figure 1B, exposure to GCM resulted in 
a dose-dependent inhibitory effect on HepG2 cells. To 
investigate if cell cycle arrests mechanism contributed to 
the overall inhibitory action of GCM, the changes of cell 
cycle distribution in response to GCM were examined by 
flow cytometry. As shown in Figure 1C, exposure to 50μM 
of GCM caused a significant increase of G1 cells from 
12 to 36 h. The results suggested that GCM inhibited cell 
proliferation by arresting cells at G1 phase. In addition 
to cell cycle arrests, morphologic observations of HepG2 
cells treated with GCM suggested involvement of cell 
death induction in the overall inhibitory effect. We then 
measured cell death induction by GCM in HepG2 cells 
using annexin v/PI staining. As shown in Figure 1D, 
treatment with GCM for 36 h resulted in a concentration-
dependent increase of cell death. These results were 
further validated by western blotting analysis of caspases 
and PARP, in which, GCM at high concentration caused 
a significantly increased cleavages of caspases and PARP 
(Figure 1E). These data indicated that GCM was able to 
induce a significant G1-phase cell cycle arrest and cell 
death induction in HepG2 liver cancer cells.

Activation of p53 signaling is responsible for cell 
cycle arrest and apoptosis in response to GCM

HepG2 cells contain wild-type p53 that is the first 
identified and the best known tumor suppressor through 
mechanisms involved in regulation of cell cycle and 
apoptosis. We hypothesized that G1-phase cell cycle arrest 
and cell death induction by GCM might be mediated by 
p53 signaling pathway. To test this hypothesis, we first 
examined whether p53 was activated in response to 
GCM exposure in HepG2 cells. As shown in Figure 2A, 
exposure to GCM caused a dose-dependent increase of 
p53 phosphorylation, accompanied by up-regulation 
of its two transcriptional targets p21 and puma. To 
determine the functional role of p53 activation, we tested 
influences of p53 inhibition by RNAi approach on GCM-
induced cell death and cycle arrest in HepG2 cells. As 
shown in Figure 2B&2C, knockdown of p53 led to a 
dramatically decreased cell death induction (Figure 2B) 
and a significantly attenuated cell cycle arrest (Figure 
2C) in response to GCM exposure. We further validated 
this notion in p53 WT/KO HCT-116 colon cancer cells. 
As shown in Figure 2D, enhanced p53 phosphorylation 
and p21/puma expression were observed in HCT-116 with 

wild-type p53. However, no such changes were detected in 
p53-knockout HCT-116 cells. These results suggested that 
p53 was transcriptional activated by GCM in colon cancer 
cells. We then measured the overall inhibitory effects of 
GCM in p53 wild-type and knockout HCT-116 cells. As 
shown in Figure 2E, HCT-116 cells with wild-type p53 
were more sensitive to GCM than p53-knockout cells. In 
agreement with the overall inhibitory effect, a reduced 
cell death induction by GCM at 75μM was observed in 
p53 knockout HCT-116 cells relative to p53 wild-type 
cells (Figure 2F). Moreover, exposure to 50μM GCM for 
24 h induced a stronger G1-phase cell cycle arrest in p53 
wild-type HCT-116 cells (from 53 % to 71%) than that 
of p53 knockout cells (from 46% to 52%), (Figure 2G). 
These results indicated that p53 activation was involved 
in GCM-induced cell cycle arrest and cell death in cancer 
cells tested.

Activation of p53 by GCM is associated with 
suppression of TOPK

It has been shown that TOPK is a binding partner 
and negative regulator of p53 [19]. We hypothesized that 
inhibition of TOPK could contribute to activation of p53 
in response to GCM exposure. The changes of phospho-, 
total TOPK and its substrate histone H3 phosphorylation 
in response to various concentrations of GCM in HepG2 
cells were analyzed by western blotting. As shown in 3A, 
GCM treatments resulted in a dose-dependent decrease of 
phospho- and total TOPK. Accordingly, phosphorylation 
of its substrate histone H3 was also inhibited by GCM in 
a same manner. To determine whether down-regulation 
of total TOPK was due to its degradation, we assessed 
changes of TOPK protein level in response to GCM in 
the presence or absence of cycloheximide (CHX), a 
protein synthesis inhibitor. As shown in Figure 3B, when 
new protein synthesis was blocked, TOPK protein level 
was still decreased by GCM. These results suggested 
that TOPK was suppressed by GCM through inhibiting 
its phosphorylation and promoting its degradation. To 
examine the general application of this inhibitory effect, 
additional liver cancer cell line Huh-7, colon cancer cell 
line HCT-116 and prostate cancer cell line DU145 were 
employed and the results are shown in Figure 3C-3E. The 
results demonstrated that a similar inhibitory action on 
TOPK was observed in all the three cell lines tested in 
response to GCM. To assess the biological significance 
of TOPK inhibition, we measured the effects of TOPK 
inhibition by its specific siRNA on cell viability of 
HepG2 cells. As shown in Figure 3F, knockdown of 
TOPK resulted in a significant reduction of cell number in 
HepG2 cells. Consistent with the decrease of cell viability, 
silencing of TOPK triggered activation of p53 signaling 
pathway evidenced by increase of p53 phosphorylation 
followed by up-regulation of its two transcriptional targets 
p21 and puma (Figure 3G). Together, these data supported 
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Figure 2: Activation of p53 signaling is responsible for cell cycle arrest and apoptosis in response to GCM. A. GCM activated p53 
signaling pathway in HepG2 cells. The cells were exposure to various concentrations of GCM for 24 h and the changes of p-p53, p21 and puma were 
analyzed by western blotting. B.&C. Effects of p53 inhibition by RNAi on GCM-induced cell death and cell cycle arrest in HepG2 cells. The cells were 
transfected with 7.5 nmol/L of p53 siRNA or non-targeting siRNA for 24 h and then treated with GCM for 24 h. Cell death was measured by Annexin 
V/FITC Staining (B) and cell cycle distribution was assessed by flow cytometry following staining with propidium iodide (C). D. GCM induced p53-
dependent up-regulation of p21 and puma in HCT-116 cells. HCT-116 p53+/+ or p53-/- cells were treated with various concentrations of GCM for 24 
h and the changes of p-p53, p21 and puma were analyzed by western blotting. E. Overall inhibitory effects of GCM on HCT-116 p53+/+ or p53-/- 
cells measured by crystal violet staining. F. Effects of GCM on cell cycle distribution in HCT-116 p53+/+ or p53-/- cells measured by flow cytometry 
following staining with propidium iodide. G. Apoptosis induction by GCM in HCT-116 p53+/+ or p53-/- cells analyzed by Annexin V/FITC Staining.
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Figure 3: Activation of p53 by GCM is attributed to suppression of TOPK. A. GCM inhibited TOPK in HepG2 cells. The 
cells were treated with various concentrations of GCM for 24 h and the changes of phospho-, total TOPK and its substrate histone H3 
phosphorylation were determined by western blotting. B. GCM promoted TOPK degradation in HepG2 cells. The cells were treated with 
50μM of GCM in the presence or absence of CHX and the expression of TOPK was analyzed by western blotting. C. GCM inhibited TOPK 
in Huh-7 cells. D. GCM inhibited TOPK in HCT-116 cells. E. GCM inhibited TOPK in DU145 cells. F. Overall inhibitory effects of TOPK 
knockdown on HepG2 cells measured by crystal violet staining. G. TOPK knockdown activated p53 in HepG2 cells. The cells were transfected 
with 5 nmol/L of TOPK siRNA or non-targeting siRNA for 36 h and the changes of p-p53, p21 and puma were analyzed by western blotting.
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first evidence that GCM was able to inhibit TOPK, activate 
p53/p21 axis and suppress tumor growth in vivo.

In summary, GCM was capable of directly 
inactivating oncogenic kinase TOPK, which in turn led 
to activation of its binding partner p53, followed by cell 

cycle arrest and cell death induction in vitro and tumor 
reduction in vivo. Our findings supported TOPK could 
be a potential target for HCC treatment and GCM holds 
great potential as a novel HCC chemopreventive and 
therapeutic agent.

Figure 6: GCM suppresses tumor growth in therapeutic HepG2 xenograft model. GCM was given daily by i.p. injection (30 
mg/kg body weight) after one week inoculation of HepG2 cells for 24 days. A. Body weight kinetics of mice. B. Inhibitory effects of GCM on 
tumor growth. C. Reduction of final tumor weight. D. Influences of GCM on TOPK activity and p53 signaling assessed by western blotting.


