
Phytomedicine 23 (2016) 359–366 

Contents lists available at ScienceDirect 

Phytomedicine 

journal homepage: www.elsevier.com/locate/phymed 

Glabridin induces apoptosis and autophagy through JNK1/2 pathway 

in human hepatoma cells 

Ming-Ju Hsieh 

a , b , c , Mu-Kuan Chen 

d , Chih-Jung Chen 

e , f , g , Ming-Chang Hsieh 

h , i , 
Yu-Sheng Lo 

a , Yi-Ching Chuang 

a , Hui-Ling Chiou 

h , i , ∗, Shun-Fa Yang 

c , j , ∗

a Cancer Research Center, Changhua Christian Hospital, Changhua 50 0 06, Taiwan 
b School of Optometry, Chung Shan Medical University, Taichung 40201, Taiwan 
c Institute of Medicine, Chung Shan Medical University, Taichung 40201, Taiwan 
d Department of Otorhinolaryngology-Head and Neck Surgery, Changhua Christian Hospital, Changhua 500, Taiwan 
e Department of Surgical Pathology, Changhua Christian Hospital, Changhua 500, Taiwan 
f Department of Medical Technology, Jen-Teh Junior College of Medicine, Nursing and Management, Miaoli, Taiwan 
g School of Medicine, Chung Shan Medical University, Taichuang 40201, Taiwan 
h School of Medical Laboratory and Biotechnology, Chung Shan Medical University, Taichung 40201, Taiwan 
i Department of Clinical Laboratory, Chung Shan Medical University Hospital, Taichung 40201, Taiwan 
j Department of Medical Research, Chung Shan Medical University Hospital, Taichung 40201, Taiwan 

a r t i c l e i n f o 

Article history: 

Received 16 November 2015 

Revised 18 January 2016 

Accepted 26 January 2016 

Keywords: 

Glabridin 

Apoptosis 

Autophagy 

JNK 

Hepatoma 

a b s t r a c t 

Background: Extensive research results support the use of herbal medicine or natural food to augment 

therapy for various cancers. Studies have associated glabridin with numerous biological activities, such 

as regulating energy metabolism and estrogenic, neuroprotective, antiosteoporotic, and skin-whitening 

activities. 

Hypothesis/Purpose: However, how glabridin affects tumor cell autophagy has not been clearly deter- 

mined. 

Methods: Autophagy is a lysosomal degradation pathway essential for cell survival and tissue home- 

ostasis. In this study, the roles of autophagy and related signaling pathways during glabridin-induced 

autophagy in human liver cancer cells were investigated. Additionally, the molecular mechanism of the 

anticancer effects of glabridin in human hepatoma cells was investigated. 

Results: The results revealed that glabridin significantly inhibited cell proliferation in human hepatoma 

cells. Glabridin induced apoptosis dose-dependently in Huh7 cells through caspase-3, -8, and -9 activa- 

tion and PARP cleavage. Furthermore, autophagy was detected as early as 12 h after exposure to a low 

dose of glabridin, as indicated by the up-regulated expression of LC3-II and beclin-1 proteins. The inhibi- 

tion of JNK1/2 and p38 MAPK by specific inhibitors significantly reduced glabridin-induced activation of 

caspases-3, -8, and -9. Blocking autophagy sensitize the Huh7 cells to apoptosis. 

Conclusion: This study demonstrated for the first time that autophagy occurs earlier than apoptosis does 

during glabridin-induced apoptosis in human liver cancer cell lines. Glabridin induces Huh7 cell death 

through apoptosis through the p38 MAPK and JNK1/2 pathways and is a potential chemopreventive agent 

against human hepatoma. 

© 2016 Elsevier GmbH. All rights reserved. 
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Abbreviations: hepatocellular carcinoma, HCC; dietary supplement, DS; focal ad- 

esion kinase, FAK; transforming growth factor beta, TGF- β; nuclear factor kappa- 

ight-chain-enhancer of activated B cells, NF- κB; activator protein 1, AP-1; 3- 

4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide, MTT; bafilomycin A1, 

afA1; 4’-6-diamidino-2-phenylindole, DAPI; Dulbecco’s modified Eagle’s medium, 

MEM; fetal bovine serum, FBS; polyvinylidene difluoride, PVDF; acidic vesicular 

rganelles, AVOs; poly (ADP-ribose) polymerase, PARP; microtubule-associated pro- 

ein 1A/1B-light chain 3, LC3; mitogen-activated protein kinases, MAPK. 
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ntroduction 

Hepatocellular carcinoma (HCC) is a primary malignancy of the

iver. HCC is now the third leading cause of cancer deaths world-

ide, with over 50 0,0 0 0 people affected ( Kessler et al. 2015 ). The

ncidence of hepatocellular carcinoma is highest in Asia and Africa.

his type of cancer occurs more often in men than women. Pa-

ients with hepatitis B or C are at high risk of liver cancer, even
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if they do not develop cirrhosis ( Leake 2014 ). HCC is not the same

as metastatic liver cancer, which starts in another organ (such as

the breast or colon) and spreads to the liver. Chemoprevention, us-

ing phytochemicals with potent antioxidant and anti-inflammatory

properties, represents a fascinating strategy, which has been a sub-

ject of intense investigation in the recent years ( Panossian 2014 ).

Increasing attention has been paid to the use of products derived

from natural plants against malignant invasive progression in the

late stage of neoplastic diseases ( Ivanov et al. 2007 ) and as potent

chemopreventive drugs ( da Rocha et al. 2001 ), particularly for rela-

tively chemorefractory tumors, such as HCC ( Chua and Choo 2011 ).

Increasing attention has been focused on providing a scientific ba-

sis for using these agents as a preventive strategy for people with

a high risk of cancer. 

Isoflavones are secondary vegetable substances, produced from

a branch of the general phenylpropanoid pathway that produces all

flavonoid compounds in higher plants, which can act as estrogens

in the body and have protective functions. Isoflavones have been

identified as dietary components having an important role in re-

ducing the incidence of breast and prostate cancers ( Sarkar and Li

2003 ). Glabridin is an isoflavone and, as a key chemical and biolog-

ical marker of G. glabra , is critical in the food, dietary supplement

(DS), and cosmetics industries. Glabridin is a part of a larger family

of plant-derived molecules, the natural phenols. Previous study re-

vealed that glabridin can inhibit lung and breast cancer metastasis

by inhibiting the Focal Adhesion Kinase (FAK)/rho signaling path-

way ( Hsu et al. 2011; Tsai et al. 2011 ). Glabridin-mediated anti-

inflammatory action and attenuates colonic inflammation in mice

with dextran sulfate sodium-induced colitis ( Kwon et al. 2008 ).

Glabridin has exhibited positive effects in down-regulating iNOS

expression and activity under high glucose stress and inflamma-

tion ( Yehuda et al. 2015 ). Glabridin inhibits the CSC-like proper-

ties of HCC cells through the miR-148a-mediated inhibition of the

Transforming growth factor beta (TGF- β)/SMAD2 signal pathway

( Jiang et al. 2014 ). Glabridin also inhibits migration and invasion

by transcriptionally inhibiting matrix metalloproteinase 9 through

the modulation of nuclear factor kappa-light-chain-enhancer of ac-

tivated B cells (NF- κB) and activator protein 1 (AP-1) activity in

human liver cancer cells ( Hsieh et al. 2014a ). Glabridin attenu-

ates the migratory and invasive capacity of breast cancer cells by

activating microRNA-200c ( Ye et al. 2014 ). Furthermore, glabridin

mediates caspase activation and induces apoptosis in human

promyelocytic leukemia cells ( Huang et al. 2014 ). However, the ef-

fects of glabridin on human hepatoma autophagy have yet to be

evaluated. 

Autophagy is a major intracellular degradation mechanism that

operates under stress conditions to promote survival during star-

vation or cause type II programmed cell death under specific con-

ditions, such as the inhibition of apoptosis ( Gozuacik and Kim-

chi 2007; Liu and Lenardo 2007; Yu et al. 2004 ). The autophagy

process is initiated by the engulfing of large sections of a cyto-

plasm by a crescent-shaped phagophore that elongates into an au-

tophagosome, which subsequently fuses with a lysosome, causing

its contents to be degraded by lysosomal hydrolases ( Chang et al.

2007; Kanzawa et al. 2003 ). Because autophagy is vital in reg-

ulating growth and maintaining homeostasis in multicellular or-

ganisms, defective autophagy contributes to the pathogenesis of

several diseases, including myopathies, neurodegenerative diseases,

and some cancers ( Kelekar 2005 ). The study characterized the

effects of glabridin and the underlying molecular mechanism of

autophagy and apoptosis in glabridin-induced cytotoxicity. We in-

vestigated the cytotoxic effects of glabridin on hepatoma and its

underlying mechanisms in vitro . 
aterials and methods 

hemicals 

Glabridin, ≥98% (HPLC), powder was purchased from Sigma

hemical Co. (St. Louis, MO, USA). Stock solution of Glabridin was

ade at 25, 50 and 100 mM concentration in DMSO and stored

t –20 °C. The final concentration of DMSO for all treatments

as consistently less than 0.1%. 3-(4,5-dimethylthiazol-2-y1)-2,5-

iphenyltetrazolium bromide (MTT), bafilomycin A1 (BafA1), 4’-6-

iamidino-2-phenylindole (DAPI), wortmannin were obtained from

igma Chemical Co. (St. Louis, MO, USA). General caspase in-

ibitor Z-VAD-FMK was purchased from Promega (Madison, WI,

SA). Specific inhibitors for caspase-3 (Z-DEVE-FMK), caspase-8 (Z-

ETD-FMK) or caspase-9 (Z-LEHO-FMK) were purchased from Bio-

ision (Mountain View, CA). Specific inhibitors for ERK1/2 (U0126),

NK1/2 (SP600125) or p38 (SB202190) were purchased from Cal-

iochem (San Diego, CA). Antibodies were purchased from Cell Sig-

aling. 

ell culture 

Huh7, HepG2 and Sk-Hep-1, human hepatoma cell line, ob-

ained from the Food Industry Research and Development Insti-

ute (Hsinchu, Taiwan), were cultured in Dulbecco’s modified Ea-

le’s medium (DMEM) (Gibco BRL, Grand Island, NY, USA) sup-

lemented with 10% fetal bovine serum (FBS), 1 mM glutamine,

% penicillin/streptomycin, 1.5 g/l sodium bicarbonate, and 1 mM

odium pyruvate (Sigma, St. Louis, Mo, USA). 

n vitro cytotoxicity assay 

The effect of glabridin on cell growth was assayed by the MTT

ethod, as previously described ( Yang et al. 2010 ). Briefly, cells

ere cultured in 24-well plates and stimulated with different con-

entrations of glabridin. After 24, 48 or 72 h of glabridin stimu-

ation, MTT was added to each well (0.5 mg/ml final concentra-

ion) with a further incubation for 4 h. The viable cell number was

irectly proportional to the production of formazan following the

olubilization with isopropanol. The color intensity was measured

t 595 nm. 

API (2-(4-Amidinophenyl)-6-indolecarbamidine dihydrochloride) 

taining 

As described in detail previously ( Hsieh et al. 2013 ) after

eing subjected to indicate treatment, cells were fixed with

% paraformaldehyde for 20 min. Extensive PBS washing was

onducted between each reaction to remove any residual sol-

ent. Cells were subjected to DAPI staining for 10 min and then

bserved under fluorescence microscopy equipped with filters

or UV. 

ell cycle analysis 

Cells were first cultured in serum-free medium for starvation at

8 h and then exposed to glabridin for 24 h. Cells were fixed with

0% ethanol and incubated for 30 min in the dark at room temper-

ture with propidium iodide (PI) buffer. The cell cycle distribution

as analyzed for 30 0 0 collected cells by a FACS Vantage flow cy-

ometer that uses the CellQuest acquisition and analysis program

Becton Dickinson FACSCalibur). 
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Fig. 1. Cytotoxic effect of glabridin in HCC cells. (A) Structure of glabridin. (B) Cell viability analysis of human hepatoma cells (Huh7, Sk-hep-1 and HepG2) (C) Huh7 cells 

cultured in presence of glabridin for 24, 48 and 72 h by MTT assay. (D) Sk-hep-1 cells cultured in presence of glabridin for 24, 48 and 72 h by MTT assay. Data represent 

mean of 3 determinations per condition repeated 3 times. Results are shown as mean ± SE. ( ∗) p < 0.05 compared to the vehicle control groups. 
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nnexin V/PI double staining 

As previously described ( Ko et al. 2015 ) a Muse Annexin V &

ead Cell Assay Kit (Millipore) was used to quantify cell number

n different stages of cell death. Briefly, 1 × 10 5 cells were resus-

ended in 100 μl PBS (2% BSA). Add 100 μl of Muse TM Annexin V &

ead Cell Reagent to each tube, the cell suspension was incubated

or 20 min at room temperature in the dark. Analyze by Muse Cell

nalyzer flow cytometry and analysis data by the Muse® Cell An-

lyzer Assays (Millipore). 

uantification of acidic vesicular organelle (AVO) formation 

The occurrence of AVOs was assessed by a previously described

ethod ( Hsieh et al. 2013 ). Briefly, cells were washed with PBS,

ollowed by staining with 1 μg/ml acridine orange for 15 min. Af-

erwards, cells were washed with PBS. For quantification of AVOs,

cridine orange-stained cells were harvested, washed twice with

BS, resuspended in PBS containing 5% FBS and then analyzed by

ow cytometry. 

estern blot analysis 

Cell lysates were separated in a 10% or 15% polyacrylamide gel

nd transferred onto a polyvinylidene difluoride (PVDF) membrane.

he blot was subsequently incubated with 0.1% BSA in TBST for

 h to block non-specific binding, and probed with a corresponding

ntibody against a specific protein for overnight at 4 °C, and then

ith an appropriate peroxidase conjugated secondary antibody for

 h. After the final washing, signal was developed by ECL detec-

ion system and relative photographic density was quantitated by

 gel documentation and analysis (AlphaImager 20 0 0, Alpha In-

otech Corporation, San Lean 189 dro, CA, USA). 

tatistical analysis 

Values represent the means ± standard deviation and the ex-

eriments were repeated three times ( n = 3). Statistical analyses

ere performed using the one-way analysis of variance (ANOVA)

ollowed by Tukey’s post hoc test was used when more than three
roups were analyzed. Data comparisons were performed with Stu-

ent’s t test (Sigma-Stat 2.0, Jandel Scientific, San Rafael, CA, USA)

hen two groups were compared. A p value < 0.05 was considered

o be statistically significant. 

esults 

labridin inhibit cell viability on human hepatoma cells 

The chemical structure of glabridin is shown in Fig. 1 a. To de-

ermine the cytotoxicity and effect on cell proliferation of glabridin

n human liver cell lines (Huh7, HepG2, and Sk-hep-1), cells were

reated with different concentrations of glabridin for 24, 48, and

2 h. The results of MTT assay testing for cell viability revealed

hat glabridin inhibited growth in a dose-dependent and time-

ependent manner ( Fig. 1 b–d). Significant cell death was observed

4 h after glabridin (100 μM) treatment. Thus, all subsequent ex-

eriments used this glabridin concentration range (0–100 μM). 

labridin-induced cell apoptosis in Huh7 cells 

To determine whether the inhibitory effect of the cell viability

f glabridin is associated with cell apoptosis induction, Huh7 cells

ere treated with different concentrations (0–100 μM) of glabridin

or 24 h. A DAPI staining assay was conducted to reveal the pres-

nce of nuclei condensing and apoptotic bodies in glabridin-treated

uh7 cells in a dose-dependent manner ( Fig. 2 a). The accumula-

ion of cell population in the sub-G1 and G0/G1 phases increased

ose-dependently after 24 h of treatment with 100 μM glabridin

 Fig. 2 b). Meanwhile, Annexin-V and PI double-staining revealed an

ncreased proportion of apoptotic cells after 24 h of treatment with

labridin ( Fig. 2 c), respectively. 

labridin induced activation of caspase-3, -8 and -9 in Huh7 cells 

To further confirm the involvement of caspase activation in

labridin-induced apoptosis, caspase-3, -8, and -9 activation and

ARP cleavage were detected. Fig. 3 a demonstrates that the ex-

osure of Huh7 cells to glabridin (0–100 μM) for 24 h caused

 concentration-dependent increase of the cleaved fragments of
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Fig. 2. Glabridin induced cell apoptosis in Huh7 cells. (A) Cells were stained with DAPI and observed under a UV-light microscope to examine the nuclear morphology of 

the Huh7 cells. The arrows show the areas with intense fluorescence staining and condensed nuclei (at a magnification of 200x). (B) Huh7 cells were incubated for 18 h 

in the absence of serum and then treated with indicated concentrations of glabridin for 24 h, after which the cells were stained with PI, and analyzed for DNA content by 

flow cytometry. ( ∗) p < 0.05 compared to the vehicle control groups. (C) After being treated with different concentration of glabridin for 24 h, cells were harvested and then 

subjected to quantitative analysis of cell apoptosis by Annexin-V and PI double-stained flow cytometry. Data represent mean of 3 determinations per condition repeated 3 

times. 

Fig. 3. Activation of caspase 3, -8, -9 and PARP were increased in Glabridin-treated 

Huh7 cells. (A) Huh7 cells were treated with 25, 50 and 100 μM glabridin for 24 h 

and subjected to western blotting with an antibody against PARP or caspase-3, -8 

and -9 antibody. (B) The values under each lane indicate relative density of the 

band normalized to β-actin using a densitometer. Values represent the mean ±
SE of three independent experiments. ( ∗) p < 0.05 compared to the vehicle control 

groups. (C) Huh7 cells were treated with 25, 50 and 100 μM glabridin for 24 h and 

subjected to western blotting with an antibody against bcl-2, bcl-xL and bax anti- 

body. Data represent mean of 3 determinations per condition repeated 3 times. (D) 

The values under each lane indicate relative density of the band normalized to β- 

actin using a densitometer. Data represent mean of 3 determinations per condition 

repeated 3 times. Values represent the mean ± SE of three independent experi- 

ments. ( ∗) p < 0.05 compared to the vehicle control groups. 

 

 

 

 

 

 

a  

2  

o  

o  

a  

B

1

G

 

e  

t  

t  

m  

g  

f  

i  

c  

c  

i  

t  

2  

fl  

c  

m  

e  

a

T

t

 

w  

l  
caspases-3, -8, and -9. Furthermore, cleaved PARP was significantly

increased in glabridin-treated Huh7 cells. Glabridin treatment at

50 μM for 24 h increased the expression levels of cleaved caspases-

3, -8, and -9 and poly (ADP-ribose) polymerase (PARP) by 49.1,

127, 41, and 53%, respectively, compared with the control ( Fig. 3 b).

The Bcl-2 protein family determines the commitment of cells to
poptosis. The anti-apoptotic members of this family, such as Bcl-

 and Bcl-XL, prevent apoptosis either by sequestering proforms

f death-driving cysteine proteases or by preventing the release

f mitochondrial apoptogenic factors into the cytoplasm. In Fig. 3 c

nd d, the results show that the expression of Bcl-2, Bcl-XL and

ax were no influence on Huh7 cells exposure to glabridin (0–

00 μM) for 24 h. 

labridin induct autophagy in Huh7 cells 

Autophagy is a major intracellular degradation mechanism op-

rating under stress conditions to promote survival during starva-

ion or under specific conditions such as the inhibition of apop-

osis ( Hsieh et al. 2012 ). However, the effects of glabridin on hu-

an hepatoma autophagy have yet to be evaluated. To prove that

labridin induces autophagy, Huh7 cells were treated with dif-

erent concentrations (0–100 μM) of glabridin for 24 h. As shown

n Fig. 4 a, cytoplasmic microtubule-associated protein 1A/1B-light

hain 3 (LC3) formations were observed in glabridin-treated Huh7

ells, which indicated the formation of autophagosomes. Accord-

ng to a previous study, autophagy is characterized by the forma-

ion of numerous acidic vesicular organelles (AVOs) ( Hsieh et al.

014b ). For quantification, cells with AVOs exhibited enhanced red

uorescence when analyzed using flow cytometry, which signifi-

antly increased in a dose-dependent manner after glabridin treat-

ent ( Fig. 4 b). In addition, increased LC3-II and beclin-1 protein

xpression was observed in glabridin-treated Huh7 cells in a dose-

nd time-dependent manner ( Fig. 4 c, d). 

he apoptosis and autophagy induction by glabridin is dependent on 

he regulation of JNK and P38 signaling pathways in Huh7 cells 

The Mitogen-activated protein kinases (MAPK) signaling path-

ay plays a critical role in how chemotherapeutic drugs regu-

ate apoptosis ( Chen and Wong 2008 ). In further investigating the
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Fig. 4. Glabridin induces autophagy in Huh7 cells. (A) Huh7 cells were treated 

with glabridin for 24 h, followed by immunostaining and an observation of LC-3 

under fluorescence microscopy. The arrows show the areas with intense fluores- 

cence staining and condensed nuclei (at a magnification of 200x). (B) Huh7 cells 

were treated with glabridin (0–100 μM) for 24 h and detect AVOs. The percentage 

of cells with the formation of AVOs was detected by flow cytometry. (C) Cells were 

treated with glabridin for 24 h and Western blot analysis was performed to eval- 

uate autophagy-related protein, LC3-I, LC3-II and beclin-1. β-actin was used as an 

internal control. (D) Huh7 cells were treated with glabridin (100 μM) for 0, 6, 12, 

24 h and Western blot analysis was performed to evaluate autophagy-related pro- 

tein, LC3-I, LC3-II and beclin-1. β-actin was used as an internal control. 

Fig. 5. Glabridin activates the phosphorylation of ERK1/2, p38 MAPK and JNK1/2 in 

Huh7 cells. (A and C) Cells were treated with different concentrations of glabridin 

(0–100 μM) for 24 h and then subjected to western blotting with an antibody 

against PI3K-Akt, ERK1/2, JNK1/2, and p38 MAPK. (B and D) Quantitative results 

of PI3K, p-Akt, p-ERK1/2, p-p38, and p-JNK1/2 protein levels, which were adjusted 

with the total Akt, ERK1/2, p38, and JNK1/2 protein levels and expressed as mul- 

tiples of induction beyond each respective control. Values represent the mean ±
SE of three independent experiments. ( ∗) p < 0.05 compared to the vehicle control 

group. 
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nderlying molecular mechanisms of this relationship, we used

 Western blot analysis to determine whether MAPKs were ac-

ivated in glabridin-treated Huh7 cells. The results revealed that

he phosphorylation of ERK1/2, JNK1/2, and p38 was increased in

ells treated with glabridin in a dose-dependent manner ( Fig. 5 a–

). Next, we investigated the relationships among the glabridin-

nduced activation of caspases, autophagy, and MAPKs. Huh7 cells
ere pretreated with 20 μM U0126 (an ERK inhibitor), SP600125

a JNK inhibitor), or SB203580 (a p38 inhibitor) for 1 h, treated

ith 100 μM glabridin for another 24 h, and then analyzed using

estern blotting. As Fig. 6 a–d illustrates, treatment SP600125 and

B203580 significantly attenuated glabridin-induced caspase-3, -8, 

nd -9 activation. Moreover, treatment SP600125 significantly at-

enuated glabridin-induced LC3-II and AVO expression. Conversely,

reatment SB203580 had no significant effect on glabridin-induced

C3-II and AVO expression ( Fig. 6 e, f). These findings suggest that

NK1/2 activation might play a critical upstream role in glabridin-

ediated caspase activation and the autophagy process in Huh7

ells. 

labridin-induced cell apoptosis was increased by the treatment of 

utophagy inhibitors 

To clarify the interaction between glabridin-induced apoptosis

nd autophagy, specific caspase inhibitors were used with the fol-

owing experiment. Huh7 cells were pretreated with caspase in-

ibitors (Z-DEVE-FMK, Z-IETD-FMK, and Z-LEDH-FMK) for 1 h and

hen glabridin for 24 h, and then subjected to an MTT assay. The

esults ( Fig. 7 a) demonstrate that caspase inhibitors pretreatment

educed the proportion of glabridin-induced cell death. Wortman-

in, a cell-permeable, fungal metabolite that acts as a potent, se-

ective, and irreversible inhibitor of PI3K has been used to inhibit

utophagic sequestration ( Arcaro and Wymann 1993; Blommaart et

l. 1997 ). Cells were pretreated with wortmannin for 1 h and then

labridin for 24 h. The proportion of cell viability decreased in cells

retreated with wortmannin ( Fig. 7 b). To determine the effects

f BafA1, an inhibitor of vacuolar ATPase used to prevent the fu-

ion of lysosomes and autophagosomes, cells were pretreated with

afA1 for 1 h and then glabridin for 24 h. A similar result was ob-

ained using an MTT assay ( Fig. 7 b). Furthermore, a cotreatment of

labridin and Z-VAD-FMK, a broad-spectrum caspase inhibitor, was

onducted and revealed that the proportion of annexin V-positivity

as reduced by Z-VAD-FMK; however, a cotreatment of glabridin

nd autophagy inhibitors (wortmannin and BafA1) was increased

 Fig. 7 c). Clearly, autophagy inhibition increased glabridin-induced

ell apoptosis and inhibition of apoptosis prolong autophagy activ-

ty ( Fig. 7 d). These results indicate that glabridin-induced Huh7 cell

poptosis, however, autophagy induction plays a protective effect. 

iscussion 

Hepatocellular carcinoma is the most common type of liver

ancer. Most HCC cases are secondary to a viral hepatitis infection

r cirrhosis ( Alter 2007; Wang et al. 2002 ). The treatment options

or and prognosis of HCC depend on numerous factors, particularly

umor size and stage. High-grade tumors have a poor prognosis,

hereas low-grade tumors may go unnoticed for many years, as

s the case in cancers affecting many other organs. Hepatocellular

arcinoma is a relatively uncommon cancer in the United States.

n countries where hepatitis is uncommon, most liver cancers are

ot primary HCC but metastasis ( Cheng et al. 1992 ). The use of

atural herbal products in developing novel chemotherapeutics for

arious cancers appears promising ( Casciola-Rosen et al. 1996; Jia

t al. 2003; Lee et al. 2008 ). Various societies worldwide have tra-

itionally used herbal products to prevent or treat several chronic

iseases ( Li and Wang 2005; Wang et al. 2013; Zhou et al. 2013 ).

labridin, a polyphenolic flavonoid, is a main constituent in the

oots of Glycyrrhiza glabra and has been reported as possessing var-

ous biological activities such as protecting against oxidation and

besity and inhibiting lung and breast cancer metastasis ( Hsu et

l. 2011; Kim et al. 2013; Wu et al. 2013 ). Being a natural prod-

ct known to be safe for use by humans, glabridin is an appropri-

te candidate for drug development ( Aoki et al. 2007 ). The present
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Fig. 6. JNK1/2 and p38 MAPK are essential for caspase activation and autophagy induced by glabridin. (A) Huh7 cells were treated for 24 h with 100 μM glabridin with or 

without a 1 h pretreatment of 20 μM U0126, SP600125, or SB202190. The expression of cleaved caspase-3, -8 and -9 were detected by western blotting. (B–D) Quantitative 

results of cleaved caspase-3, -8, and -9 protein levels, which were adjusted to the β-actin protein level and expressed as multiples of induction beyond each respective 

control. Values represent the mean ± SE of three independent experiments. Data were analyzed using a one-way ANOVA with Tukey’s post hoc tests at 95% confidence 

intervals; different letters represent different levels of significance. (E, upper panel) Huh7 cells were treated for 24 h with 100 μM glabridin with or without a 1 h pre- 

treatment of 20 μM U0126, SP600125, or SB202190. The expression of LC3-I and LC3-II were detected by western blotting. (E, lower panel) Quantitative results of LC3-II 

protein levels, which were adjusted to the β-actin protein level and expressed as multiples of induction beyond each respective control. Values represent the mean ± SE 

of three independent experiments. ( ∗) p < 0.05 compared to the vehicle control group. (#) p < 0.05 compared to the control treatment with glabridin group. (F) Huh7 cells 

were treated for 24 h with 100 μM glabridin with or without a 1 h pretreatment of 20 μM U0126, SP600125, or SB202190 and detect AVOs. The percentage of cells with the 

formation of AVOs was detected by flow cytometry. Values represent the mean ± SE of three independent experiments. ( ∗) p < 0.05 compared to the vehicle control group. 

(#) p < 0.05 compared to the control treatment with glabridin group. 
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study demonstrates, for the first time, that glabridin induces hep-

atoma cell apoptosis and autophagy. 

The antitumor activities of glabridin, including inducing oxida-

tive stress, cell cycle arrest, and apoptosis, has been extensively

studied ( Cheema et al. 2014; Huang et al. 2014; Kim et al. 2013 ).

Glabridin is a potent antioxidant that prevents oxidative DNA frag-

mentation and the activation of apoptosis-associated proteins in

human keratinocytes ( Veratti et al. 2011 ). Studies have suggested

that glabridin may partially act through the initiator caspase-

8 and then the executioner caspase-3 to increase the cleavage

form of PARP, thereby inducing apoptosis in human promyelocytic

leukemia cells ( Huang et al. 2014 ). Moreover, many papers have re-

ported that the ability of anticancer agents to induce tumor cell

apoptosis is correlated with the ability to reduce Bcl-2 expres-

sion ( Vermes et al. 1995 ). We found that the expression of the

antiapoptotic proteins Bcl-2 and Bcl-xL in Huh7 cells was not af-

fected by glabridin treatment for 24 h. Other Bcl-2 family members

are not death inhibitors, but rather promote procaspase activation

and cell death. Some of these apoptosis promoters, such as Bad,

function by binding to and inactivating the death-inhibiting fam-

ily members, whereas others, like Bax and Bak, stimulate the re-

lease of cytochrome c from mitochondria. Bax and Bak are them-

selves activated by other apoptosis-promoting Bcl-2 family mem-

bers, such as Bid ( Cotter 2009 ). In the present study, the protein

expression levels of Bcl-2, Bcl-XL and Bax are no change. How-

ever, caspase-3, -8, or -9 activation occurred after treatment with

glabridin, suggesting that glabridin may influence the other anti-

apoptotic proteins or proapoptosis proteins to induce apoptosis in

Huh7 cells. It may need more experiments to prove. 

Recently, autophagy has become a promising target of research

for drugs to treat various diseases and has been implicated in the

pathogenesis of cancers and diseases ( Kondo et al. 2005; Shintani

and Klionsky 2004 ). Furthermore, many anticancer agents have
een reported as inducing autophagy ( Fang et al. 2014; Lin et al.

011 ). Sulforaphane protected prion protein-mediated neurotoxi-

ity and increased autophagy flux marker microtubule-associated

rotein 1 light chain 3-II protein levels ( Lee et al. 2014 ). Autophagy

s a type II programmed cell death and a lysosomal degradation

athway essential for homeostasis. When autophagy is induced,

eclin-1 and LC3-II are distributed to the membrane of autophago-

omes, thus determining the extent of autophagosome formation

 Kelekar 2005 ). In this study, glabridin was revealed as inducing

utophagy as early as 12 h after the addition of glabridin. Further-

ore, LC3-II expression analysis indicated that autophagy induc-

ion was dose-dependent ( Fig. 4 ). 

Promoters of autophagy, which is genetically programmed, are

linically beneficial in cancer prevention. By using autophagy in-

ibitors, wortmannin and BafA1, the role of autophagy in glabridin-

nduced cell death was further investigated. Glabridin-induced

ell death was increased by wortmannin and BafA1 ( Fig. 7 ).

he proportion of cell viability was reduced in cells pretreated

ith wortmannin and BafA1 ( Fig. 7 b). Furthermore, a cotreat-

ent of glabridin and Z-VAD-FMK was conducted, revealing that

he proportion of annexin V-positivity was abolished by Z-VAD-

MK, but that cotreatment with glabridin and autophagy inhibitors

wortmannin and BafA1) exerted more effect ( Fig. 7 c). Therefore,

hese results indicate that glabridin also induce Huh7 cell au-

ophagy, in addition apoptosis. At early stage, cells cause endoge-

ous autophagy response in order to survive in glabridin-treatment

 Fig. 7 d). 

Studies have suggested that glabridin increases the phos-

horylation of ERK1/2, p38 MAPK, and JNK1/2 in a dose- and

ime-dependent manner ( Huang et al. 2014 ). The results showed

hat the phosphorylation of ERK1/2, JNK1/2, and p38 MAPK in-

reased in glabridin-treatment Huh7 cells. However, treatment

ith a JNK- or p38 MAPK-specific inhibitor effectively inhibited
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Fig. 7. Glabridin-induced Huh7 cell death causes apoptosis and autophagy induction. (A) Huh7 cells were treated for 24 h with 100 μM glabridin with or without a 1 h 

pretreatment of Z-DEVE-FMK (2 μM), Z-IETD-FMK (20 μM), or Z-LEDH-FMK (20 μM) and detect cell viability by MTT assay. (B) Huh7 cells were treated for 24 h with 100 μM 

glabridin with or without a 1 h pretreatment of wortmannin (50 nM) or bafilomycin A1 (1 nM) and detect cell viability by MTT assay. (C) Huh7 cells were treated for 24 h 

with 100 μM glabridin with or without a 1 h pretreatment of Z-VAD-FMK (20 μM), wortmannin (50 nM) or rapamycin (100 nM) and detect cell apoptosis by Annexin-V and 

PI double-stained flow cytometry. (D) Huh7 cells were treated for 24 h with 100 μM glabridin with or without a 1 h pretreatment of Z-VAD-FMK (20 μM) and quantification 

of AVOs formation by flow cytometry. Values represent the mean ± SE of three independent experiments. ( ∗) p < 0.05 compared to the vehicle control group. (#) p < 0.05 

compared to the control treatment with glabridin group. 
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labridin-induced caspase-3, -8, and -9 activation, whereas U0126

id not affect glabridin-induced caspase activation. Moreover,

reatment SP600125 significantly attenuated glabridin-induced 

C3-II and AVO expression. Conversely, treatment SB203580 no af-

ected glabridin-induced LC3-II and AVO expression ( Fig. 6 e and f).

hese findings suggest that JNK1/2 activation might play a criti-

al upstream role in glabridin-mediated caspase activation and the

utophagy process in Huh7 cells. 

Previous studies have shown that glabridin induced HL-60 cell

poptosis through p38 MAPK and JNK1/2 pathways ( Huang et

l. 2014 ) induces oxidative stress mediated apoptosis in malaria

arasite plasmodium falciparum ( Cheema et al. 2014 ). However,

hether glabridin can exert similar effect on other tumor cells

uch as breast tumor cells, it may need more experiments to prove.

In conclusion, this study demonstrated that glabridin-induced

poptosis in Huh7 cells through p38 and JNK1/2 phosphoryla-

ion and subsequently stimulates caspase-3, -8, and -9 activation,

hich eventually causes PARP cleavage and inhibits proliferation.

labridin cause autophagy at early stage to suppress glabridin-

nduced apoptosis in Huh7 cells through JNK1/2 phosphorylation.

his is the first study to indicate that glabridin have autophagy in-

uction processes ability in human hepatoma. Our findings suggest

hat glabridin may be a useful chemotherapeutic agent. 
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