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Abstract

We investigated Licochalcone-A (Lico-A)-induced apoptosis and the pathway underlying its
activity in a pharyngeal squamous carcinoma FaDu cell line. Lico-A purified from root of
Glycyrrhiza inflata had cytotoxic effects, significantly increasing cell death in FaDu cells. Using a
cell viability assay, we determined that the 1Csq value of Lico-A in FaDu cells was approximately
100 uM. Chromatin condensation was observed in FaDu cells treated with Lico-A for 24 h.
Consistent with this finding, the number of apoptotic cells increased in a time-dependent manner
when FaDu cells were treated with Lico-A. TRAIL was significantly up-regulated in Lico-A-
treated FaDu cells in a dose-dependent manner. Apoptotic factors such as caspases and PARP
polymerase were subsequently activated in a caspase-dependent manner. In addition, levels of pro-
apoptotic factors increased significantly in response to Lico-A treatment, while levels of anti-
apoptotic factors decreased. Lico-A-induced TRAIL expression was mediated in part by a MAPK
signaling pathway involving ERK1/2 and p38. Lastly, in an in vivo xenograft mouse model, Lico-
A treatment effectively suppressed the growth of FaDu cell xenografts by activating caspase-3,
without affecting the body weight of mice. Taken together, these data suggest that Lico-A has
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potential chemopreventive effects and should therefore be developed as a chemotherapeutic agent
for pharyngeal squamous carcinoma.
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1. Introduction

Head and neck squamous cell carcinoma (HNSCC), which originates from the mucosal
epithelium of the head and neck, is one of the most common cancers. HNSCC is associated
with a high mortality rate and approximately 640,000 cases are reported annually worldwide
(Jemal et al., 2011; Lacko et al., 2014). The major etiological factors of HNSCC include
tobacco (Rothman, 1978) and alcohol consumption (Maier et al., 1992), betel nut chewing
(Lin et al., 2005), and human papillomavirus infection (Tao and Chan, 2007; Vidal and
Gillison, 2008). Although clinical interventions such as surgery, radiotherapy,
chemotherapy, and chemo-radiotherapy have advanced recently, the 5-year survival rate of
HNSCC patients remains poor and morbidity is high. Survival and morbidity rates have not
improved significantly in the last 30 years (Vigneswaran et al., 2011). Thus, clinical
management strategies for HNSCC are urgently needed, requiring the development of
chemotherapeutic agents with greater efficacy and fewer side effects.

Current strategies for developing chemotherapeutic agents rely on inducing apoptosis in
cancer cells (Fesik, 2005). Apoptosis, programmed cell death, is characterized by cell
shrinkage (McCarthy and Cotter, 1997), chromatin condensation (Dobrucki and
Darzynkiewicz, 2001), cellular protein and DNA degradation (van Loo et al., 2001), and
apoptotic body formation, which are triggered by various anti-tumorigenic cellular
mechanisms (Lin et al., 2012). Cell suicide processes are precisely regulated by extrinsic
and intrinsic apoptotic pathways that are death receptor-dependent and mitochondria-
dependent, respectively (Hensley et al., 2013). The death receptor-dependent extrinsic
apoptosis pathway is usually triggered by the interaction between death receptors on the cell
surface and its specific ligands such as the Fas ligand (FasL or CD95L) (Weissmann, 1994)
and Tumor Necrosis Factor (TNF)-related apoptosis-inducing ligand (TRAIL) (Li et al.,
2006). Fas-associated protein with death domain (FADD), a Fas receptor adaptor molecule,
subsequently induces the cleavage of extrinsic apoptotic factors such as caspase-8,
caspase-3, and poly (ADP ribose) polymerase (PARP) (Ikner and Ashkenazi, 2011),
eventually inducing apoptotic changes and cell death. The mitochondrial-dependent intrinsic
apoptotic pathway is triggered by caspase-8, which is activated by the extrinsic apoptotic
pathway or the loss of mitochondrial transmembrane potential. Activated caspase-8 leads to
the loss of mitochondrial transmembrane potential by cleaving the cytosolic BH3-interacting
domain death agonist (BID) to truncated BID (tBID), a pro-apoptotic regulator that
promotes the insertion of Bax into the outer mitochondrial membrane (Li et al., 1998). Anti-
apoptotic factors such as B-cell lymphoma 2 (Bcl-2) and B-cell lymphoma extra-large (Bcl-
xL) are downregulated or pro-apoptotic factors such as Bcl-2-associated X protein (Bax) and
Bcl-2-associated death promoter (BAD) are significantly up-regulated during activation of
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the mitochondria-dependent intrinsic apoptotic pathway (Fischer et al., 2003; Zhu et al.,
2005). Procaspase-9 and -3 as well as PARP are then cleaved to induce cell death.
Therefore, apoptosis has emerged as a critical target for anticancer clinical chemotherapeutic
agents such as those developed from medicinal plants.

Recently, several natural compounds with anticancer activity have been approved as clinical
chemotherapeutic agents by the United States Food and Drug Administration (Kinghorn et
al., 2011). Biologically active compounds isolated from medicinal plants have received
considerable interest as potential clinical chemotherapeutic drugs because of their effective
anticancer effects and potentially fewer side effects; therefore, natural compounds are
considered a promising strategy for cancer treatment and prevention.

Licorice, the root of Glycyrrhiza species, is a plant used in folk and oriental medicines for
stomach ulcers, bronchitis, and sore throats (Wittschier et al., 2009). The main active
ingredient in licorice is Licochalcone-A (Lico-A; (E)-3-[4-hydroxy-2-methoxy-5-(2-
methylbut-3-en-2-yl)phenyl]-10-(4-hydroxyphenyl)prop-2-en-1-one), a natural phenolic
chalconoid (Cho et al., 2014). According to recent studies, Lico-A has antioxidant (Fu et al.,
2013), antiviral (Adianti et al., 2014), anti-inflammatory (Chu et al., 2012; Fu et al., 2013),
antimicrobial (Messier and Grenier, 2011), antimalarial (Mishra et al., 2009), antiangiogenic
(Kim et al., 2010), and osteogenic activities (Kim et al., 2012). Furthermore, Lico-A
reportedly has anticancer activity in various cancers types such as oral (Kim et al., 2014),
bladder (Yuan et al., 2013), ovarian (Lee et al., 2012), gastric (Xiao et al., 2011), colon (Lee
et al., 2008), and prostate (Fu et al., 2004; Yo et al., 2009) cancer as well as in hepatocellular
carcinoma (Choi et al., 2014). Although the antitumor effects and cellular mechanism of
Lico-A activity have been investigated in various cancers, little is known regarding its effect
on HNSCC.

Therefore, in this study, we aimed to determine whether Lico-A could function as a
chemotherapeutic agent for HNSCC. Furthermore, we evaluated the potential apoptotic
effect of Lico-A on HNSCC and elucidated the apoptotic signaling pathway induced by
Lico-A.

2. Materials and methods

2.1. Cell culture

Normal human oral keratinocytes (nNOKSs) were purchased from ScienCell Research
Laboratories (Carlsbad, CA, USA). The hNOKs were maintained in Dulbecco’s modified
Eagle’s medium (Life Technologies, Grand Island, NY, USA) containing 10% fetal bovine
serum (FBS) (Life Technologies, Grand Island, NY, USA). FaDu cells, a human pharyngeal
squamous carcinoma cell line, were obtained from the American Type Culture Collection
and cultured according to the instructions provided. FaDu cells were maintained in
minimum essential medium (Life Technologies, Grand Island, NY, USA) containing 10%
FBS. Cells were grown in a humidified incubator at 37°C in 5% CO».
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2.2. Cell viability assay

The cells were seeded at a density of 1 x 10° cells/mL in 96-well plates and allowed to
attach to the well overnight. After incubation, cultured cells were treated with 0, 25, 50, 100,
and 125 pM Lico-A for 24 h at 37°C to determine its dose-dependent effects. After
incubation under the defined conditions, cells were incubated for another 4 h in 20 pL of 5
mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Life
Technologies, Grand Island, NY, USA). The supernatant was subsequently removed, and
MTT crystals were dissolved in 200 pL/well dimethyl sulfoxide. Thereafter, optical density
was measured at 570 nm using a spectrometer. Experiments were performed at least three
times.

2.3. Cell survival assay

Cell survival was measured as previously described (Kim et al., 2012a), using calcein green
AM and ethidium homodimer-1 (Life Technologies, Grand Island, NY, USA) to stain live
and dead cells, respectively. To evaluate cell survival, FaDu cells and hNOKs were plated
on chamber slides, stimulated with Lico-A for 24 h, and then stained with calcein green AM
and ethidium homodimer-1 as according to the manufacturer’s protocol. Cells were then
examined and imaged using a fluorescence microscopy (Eclipse TE200; Nikon Instruments,
Melville, NY).

2.4. Quantification of apoptosis

Detection of apoptotic cells was accomplished by fluorescently staining DNA to examine
chromosomal condensation. 1 x 10° cells/mL plated in chamber were treated with 0, 100,
and 125 uM Lico-A and incubated for 24 h. Cells were stained with 4’-6-diamidino-2-
phenylindole (DAPI) (Sigma-Aldrich, St. Louis, MO, USA) and then examined and
photographed using fluorescence microscopy (Eclipse TE200; Nikon Instruments, Melville,
NY).

2.5. Flow cytometric analysis

Flow cytometric analysis was performed on cells co-stained with annexin V-FITC and
propidium iodide (PI) (Cell signaling Technology, Danvers, MA, USA) to detect apoptosis.
After 5 x 10° cells/mL of FaDu cells were plated into a 6-well plate. After 24 h, the cells
were treated with Lico-A for 12 and 24 h. Both floating and attached cells were then
collected, washed twice with ice-cold phosphate-buffered saline, and resuspended in 500 pL
of 1x binding buffer (BD Biosciences, San Diego, CA, USA). Annexin V-FITC and PI were
added to the cells for 15 min at 37°C in the dark. The population of Annexin-V-positive
cells and the cell cycle phase were analyzed using a BD Cell Quest® version 3.3 instrument
(Becton Dickinson, San José, CA, USA) and WinMDI version 2.9 software (The Scripps
Research Institute, San Diego, CA, USA).

2.6. Western blot analysis

Cells (5 x 106 cells per well) were plated on culture dishes. After treatment of Lico-A for 24
h, cells were then harvested, lysed using cell lysis buffer (Cell signaling Technology,
Danvers, MA, USA) containing protease and phosphatase inhibitor cocktails, and incubated
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for 1 h at 4°C. Lysates were centrifuged at 14,000 x g for 10 min at 4°C. The supernatant
was used as the cytosolic fraction. Total protein concentrations of the cell lysates were
determined by bicinchoninic acid protein assays (Thermo Scientific, Rockford, IL, USA). In
addition, conditioned media collected to detect the TRAIL secreted from FaDu cells treated
with Lico-A. Into equal amounts of protein and conditioned media, 5x loading buffer was
added and the mixture was boiled at 90°C for 10 min. Both proteins and conditioned media
were separated using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred into nitrocellulose membranes. After blocking for 2 h with 5%
bovine serum albumin in Tris-buffered saline containing Tween-20 at room temperature,
membranes were incubated with primary antibody at 4°C overnight and then incubated with
horseradish peroxidase-conjugated secondary antibody. The following antibodies were used:
antibodies against TRAIL, cleaved caspases (3, 7, 8, and 9), Bid, Bcl-2, Bcl-xL, p53, Bax,
Bad, Apaf-1, PARP, B-actin, phospho-ERK, total ERK, phospho-p38, total p-38, phospho-
JNK, and total INK were purchased from Cell Signaling Technology (Danvers, MA, USA).
The immunoreactive bands were visualized using the ECL System (Amersham Biosciences,
Piscataway, NJ) and were exposed on radiographic film.

2.7. Caspase-3/-7 activity assay

The activity of the apoptosis executioner caspase-3/-7 was determined using the cell-
permeable fluorogenic substrate PhiPhiLux-G1D2 (Oncolmmunin Inc.; Gaithersburg, MD,
USA) according to the manufacturer's instructions and was and photographed using
fluorescence microscopy (Eclipse TE200; Nikon Instruments, Melville, NY).

2.8. Caspase dependent cell survival assay

The cells were plated at a density of 1 x 10° cells/mL in 96-well plates and allowed to attach
to the well overnight. After incubation, cultured cells were treated with 100 uM Lico-A in
presence or absence of 20 uM of caspase-3 inhibitor (Z-VAD-FMK), 20 uM of caspase-8
inhibitor (Z-IETD-FMK) or 20 uM of caspase-9 inhibitor (Z-LEHD-FMK) were incubated
for 24 h at 37°C. After incubation under the defined conditions, cell cytotoxicity was
measured by MTT assay.

2.9. Xenograft mouse model

All animal studies were performed the protocol (CDMDIRB-1216-A94) approved by the
Institutional Animal Care and Use Committee (IACUC) of Chosun University. Five-week-
old male nude mice, each weighing approximately 20 g, were divided into a xenografted
positive control group (n = 5) and xenografted experimental group (n = 5) in which the
anticarcinogenic effect of Lico-A was tested. According to the previously reported method
to generate the xenograft animal model with FaDu squamous cell carcinoma (Brake et al.,
2008), cells at a concentration of 1 x 107 cells/100 pL were injected subcutaneously into the
right and left flanks of each of the control and experimental mice, respectively. After tumor
formation (approximately 1,000 mm?3) was detected under the skin of mice that had received
FaDu cell xenographs, 10 mg/kg of Lico-A dissolved in 5% ethanol and 5% ethanol without
Lico-A was injected intraperitoneally into experimental and controls groups, respectively,
three times per week for 8 consecutive weeks. Tumor sizes were measured weekly using a
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vernier caliper for 8 weeks following FaDu cell xenografting. Body weights were also
recorded weekly. At the end of the study, all of the xenografted animals were perfused with
saline and were fixed in 4% paraformaldehyde. Finally, tumor masses were dissected
surgically and embedded in paraffin for immunohistological analysis.

2.9. Histology and Immunohistochemistry

The experimental animals were euthanized using an overdose of inhaled anesthesia
according to the protocol approved by IACUC at School of Dentistry, Chosun University.
Briefly, tumor masses were excised, post-fixed in 4% paraformaldehyde for 7 day,
dehydrated in a series of ethanol solutions (50, 70, 95, and 100%; 15 min per step), and then
submerged in xylene twice for 10 min. Paraffin-embedded tissue blocks were prepared and
cut using a microtome. The 5-um-thick sections were placed on glass slides. The sections
were deparaffinized using two changes of xylene for 10 min, rehydrated with two washes
each of 100% and 95% ethanol for 1 min, and then rinsed with tap water for 10 min. The
sections were incubated at 4°C with cleaved capase-3 antibody overnight and incubated for
1 h at room temperature with peroxidase-conjugated goat anti-mouse antibody. Sections
were subsequently counterstained using hematoxylin and eosin, transferred to mounting
reagent, and examined by microscopy.

2.10. Statistical analysis

The experimental data are presented as the mean * standard deviation from at least three
independent experiments and were compared using analysis of variance, followed by
Student’s t-tests. A p value of less than 0.05 was considered statistically significant.

3. Results

3.1. Lico-A has cytotoxic effects on FaDu cancer cells, but does not affect hNOK viability

To assess the cytotoxic effects of Lico-A on FaDu cells and hNOKSs, cells were treated with
various concentrations of Lico-A for 24 h. After incubation, cell viability was assessed using
an MTT assay. As shown in Fig. 1A (left panel), cytotoxicity was not observed in hNOKs
treated with Lico-A (25-125 pM). In contrast, the survival rate of FaDu cells decreased
significantly in response to Lico-A in a dose-dependent manner (Fig. 1A, right panel). The
ICsq value of Lico-A in FaDu cells was calculated as ~100 uM. To confirm the cytotoxicity
of Lico-A in FaDu cells, we performed a cell survival assay to visualize both live and dead
cells stained with calcein green AM and ethidium homodimer-1, respectively. In addition,
primary hNOKSs treated with 100 uM Lico-A for 24 h were stained green by membrane
permeable calcein AM, which is cleaved by cytosolic esterases in living cells. In contrast, a
significant number of dead cells stained red by ethidium homodimer-1 were observed in
FaDu cells treated with 100 uM Lico-A. These data demonstrated that Lico-A had cytotoxic
effects specifically in FaDu cancer cells (Supplementary Fig. 1).

3.2. Lico-A induces apoptotic cell death in FaDu cancer cells

To elucidate the cellular mechanism by which Lico-A induced FaDu cell death, we
performed DAPI staining to detect chromatin condensation, an indicator of apoptotic cell
death. Chromatin condensation was induced in FaDu cells treated with Lico-A in a dose-
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dependent manner (Supplementary Fig. 2). To determine whether Lico-A-induced cell death
was mediated by apoptosis or necrosis, flow cytometric analysis was performed to detect
apoptotic cell death by using annexin V/PI co-staining, which specifically labels apoptotic
cells. As shown in Fig. 1B, the apoptotic population increased gradually to approximately
32.12% and 35.65% in FaDu cells stimulated with 100 uM Lico-A for 12 and 24 h,
respectively. Therefore, these data suggest that Lico-A induces FaDu cell death through an
apoptotic mechanism.

3.3. Lico-A induced cell death is caspase-dependent through both extrinsic and intrinsic
apoptotic pathways

To determine the apoptotic pathway induced by Lico-A, immunaoblotting was performed to
identify the activation and/or expression of several pro-apoptotic and anti-apoptotic factors.
FaDu cells were treated with 50 and 100 uM Lico-A for 24 h. As shown in Fig. 2A,
expression of the apoptosis-inducing ligand TRAIL (28 kDa) was up-regulated significantly
as dose-dependent manner in both FaDu cells treated with Lico-A and its conditioned media.
Up-regulated TRAIL activated caspase-8 (43 kDa, 41 kDa, and 18 kDa), an apoptotic factor
associated with death receptor-dependent extrinsic apoptotic signaling (Fig. 2B). Activated
caspase-8 induced apoptosis in FaDu cells through activating caspase-7.

Activated caspase-8 also triggered the mitochondria-dependent intrinsic apoptotic signaling
pathway in FaDu cells stimulated with Lico-A by cleaving BID (22 kDa) to tBID (15 kDa)
(Fig. 2C). In addition, the anti-apoptotic factors Bcl-2 (26 kDa) and Bcl-xL (26 kDa) were
down-regulated in FaDu cells in response to Lico-A treatment, whereas the known tumor
suppressor p53 was up-regulated significantly. In contrast, pro-apoptotic factors including
Bax (21 kDa), Bad (24 and 46 kDa), and apoptotic protease activating factor 1 (Apaf-1, 130
kDa) were up-regulated in response to Lico-A treatment. Up-regulated Apaf-1 subsequently
induced the cleavage of caspase-9 (37 kDa), which in turn induced sequential cleavage of
caspase-3 (17 and 19 kDa) and PARP (89 kDa). Moreover, activated caspase-8 and
caspase-9 both activated caspase-3 (17 and 19 kDa) and PARP (89 kDa), and then induced
apoptosis (Fig. 2D). Taken together, these data suggest that Lico-A-induced FaDu cancer
cell death is mediated by both death receptor-dependent extrinsic and mitochondria-
dependent intrinsic apoptotic pathways.

The activation of caspases is a key feature of apoptotic signaling pathways. Therefore, to
confirm that Lico-A-induced apoptosis is mediated by caspase activation, we performed a
caspase-3/-7 activation assay in FaDu cells treated with Lico-A by using PhiPhiLux, a
fluorogenic caspase substrate. As shown in Fig. 3A, caspase-3/-7 activation was higher in
FaDu cells treated with 50 uM and 100 uM Lico-A than in non-treated control cells. Lico-A-
induced caspase-3 activation in FaDu cells was reduced significantly by the presence of 20
UM of the pan-caspase inhibitor Z-VAD-FMK (Fig. 3B). In order to confirm the
contribution of extrinsic and intrinsic signaling pathway in Lico-A-induced cell death is a
caspase-dependent apoptosis, we measured the cell viability of FaDu cells treated with 100
UM Lico-A in presence or absence of 20 uM Z-VAD-FMK (pan-caspase inhibitor), 20 uM
Z-IETD-FMK (caspase-8 inhibitor for the inhibition of death receptor dependent extrinsic
apoptosis signaling pathway) or 20 uM Z-LEHD-FMK (caspase-9 inhibitor for the inhibition
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of mitochondria dependent intrinsic apoptosis signaling pathway). As shown in Fig. 3C,
pan-caspase inhibitor Z-VAD-FMK effectively rescued up to 83+14.6% compared with
Lico-A-induced cell cytotoxicity (48+6.4%). Furthermore, in the presence of Z-IETD-FMK
or Z-LEHD-FMK, Lico-A-induced cell cytotoxicity in FaDu cell was counteracted by
~72+6.4% and ~65+6.25%, respectively. Therefore, these are suggesting that Lico-A-
induced FaDu cell apoptosis is dependent on caspases activated by both extrinsic and
intrinsic apoptotic pathways.

3.4. Lico-A-induced TRAIL expression in FaDu cancer cells is induced by ERK and p38
MAPK signaling pathways

To determine the cellular signaling pathway of Lico-A induced TRAIL expression in FaDu
cancer cells, we examined the activation of mitogen-activated protein kinase (MAPK)
signaling pathways that have previously been linked to Lico-A-mediated TRAIL expression
in the KB human oral cancer cell line (Kim et al., 2014). As shown in Fig. 4A, 100 uM
Lico-A led to ERK1/2 (42 kDa and 44 kDa, respectively) and p38 (38 kDa) activation
within 5 min of treatment, as indicated by the phosphorylation of these protein. Activation
was sustained for approximately 30 min after treatment. In contrast, Lico-A did not affect
JNK phosphorylation (54 kDa and 46 kDa) in FaDu cells. To determine which pathway
underlies Lico-A-induced TRAIL expression, FaDu cells were co-treated with 100 uM Lico-
A and either 25 uM PD98059 (ERK1/2 MAPK pathway inhibitor) or 5 uM SB203580 (p38
MAPK pathway inhibitor). As shown in Fig. 4B, Lico-A-induced TRAIL (28 kDa)
expression was suppressed in the presence of either ERK1/2 or p38 pathway-specific
inhibitors. Pro-apoptotic factors such as caspase-8 (43 kDa, 41 kDa and 18 kDa), caspase-9
(37 kDa), caspase-3 (19 kDa and 17 kDa) and PARP (89 kDa) that act downstream of
TRAIL were inactivated in the presence of either inhibitor. Moreover, the Lico-A-induced
reductions in cell viability were rescued in by ERK1/2 and p38 inhibitor treatments (Fig.
4C). Thus, these data suggest that Lico-A-induced TRAIL expression is meditated by the
activation of ERK1/2 and p38 MAPK signaling pathways in FaDu cancer cells.

3.5. Lico-A suppresses tumor formation in a FaDu cancer cell xenograft animal model

To assess the effects of Lico-A on FaDu tumor growth, FaDu cells were xenografted into
experimental animals (mice) and the resulting tumor sizes and body weights were measured
weekly for up to 8 weeks. As shown in Fig. 5A, tumor volumes were significantly lower in
mice that received 10 mg/kg Lico-A treatment compared to those in the control group. No
obvious loss of body weight was observed (Fig. 5B), indicating that Lico-A was well
tolerated. Moreover, immunohistochemical analysis of the tumors showed that caspase-3
expression was markedly higher in Lico-A-treated tumors than in control tumors (Fig. 5C).

4. DISSCUSION

HNSCC is known to be one of the most fatal cancers worldwide and shows a high frequency
of recurrence (Huang et al., 2013). Although curative clinical management strategies for
HNSCC exist, including surgical interventions, radiotherapy, and chemotherapy, the 5-year
survival rate of HNSCC patients is approximately only 50-60% (Osthus et al., 2013).
Moreover, survivors experience temporal or permanent side effects including
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osteoradionecrosis as well as discomfort in chewing, swallowing, and speaking (Chang et
al., 2012). Although combinational chemotherapies are currently considered the primary
clinical treatments for various cancer types, this approach is limited because of clinical side
effects such as high toxicity and drug tolerance (Hadden, 1997). Therefore, the development
of chemotherapeutic agent with fewer side effects is urgently needed for cancer patients. In
an attempt to develop chemotherapeutic agents with fewer side effects, the anticancer
activities and cellular mechanisms of natural compounds isolated from medicinal plants used
in orthodox traditional medicine are currently being investigated for various cancer types
(Hsan et al., 2010). Therefore, we investigated whether Lico-A isolated from Glycyrrhiza
species medicinal plants induced apoptosis in FaDu cells and elucidated the cellular
mechanism underlying its activity in the present study.

Candidate chemotherapeutic compounds must not only have low cytotoxicity in normal
cells, but also must induce highly specific cancer cell death. According to this prerequisite
for use as a chemotherapeutic agent, the cytotoxicity of Lico-A was tested in primary hNOK
by performing MTT and cell survival assays. Cell cytotoxicity assessed by MTT assay was
not observed in the primary hNOK cultures treated with 25-125 UM Lico-A for 24 h.
Moreover, Park et al., reported recently that Lico-A slightly stimulated the growth of normal
IEC-6 intestinal epithelial cells and CCD118SK fibroblast without cell toxicity (Park et al.,
2014). Furthermore, Tsai et al., showed that Lico-A did not affect the cell viability in normal
hepatic cells (Tsai et al., 2014). Therefore, these are consistently suggesting that Lico-A may
have either potential biological safety or purportedly minimized cytotoxicity in normal cells.

However, the viability of FaDu cells gradually decreased by Lico-A in a dose-dependent
manner. Treatment with 100 and 125 pM Lico-A decreased FaDu cell viability by 50% and
80%, respectively, compared to the non-treated control. Although Zheng et al., reported that
the 1Cgq value of Lico-A was estimated at approximately 300 uM in the human oral cancer
SCC-25 cells (Zeng et al., 2014), the ICgq value of Lico-A in FaDu cells was estimated at
approximately 100 uM, a higher ICsq value than the 50 uM ICsq reported for KB human oral
cancer cells (Kim et al., 2014). However, ICsq values of Lico-A was estimated at various
dose ranges in other cancer cells. For example, Xiao et al., reported that ICgq values of Lico-
A were estimated approximately 40 uM gastric cancer cell lines such as MKN-28, AGS, and
MKN-45 (Xiao et al., 2011). Furthermore, 1Cgq values of Lico-A were estimated
approximately 60 uM in human bladder cancer T24 cells (Yuan et al., 2013), approximately
10 uM in human hepatocellular liver carcinoma cell HepG2 and approximately 20 uM in
both human hepatoma cell lime Hep3B and SNU-878 (Choi et al., 2014). Therefore, these
are showing that ICsq value of Lico-A might be dependent on the cell specificity.

Recently, Kim et al. (2014) reported that Lico-A increased KB human oral cancer cell
viability gradually, but did not affect the hNOK viability (Kim et al., 2014). To confirm that
Lico-A had cancer cell-specific cytotoxic effects, we performed a cell survival assay. In the
hNOK cells treated with 100 uM Lico-A for 24 h, nearly all of the cells were stained green
by the membrane-permeable calcein green AM, which is cleaved by esterases in live cells to
yield cytoplasmic green fluorescence. In contrast, 100 UM Lico-A decreased the overall
number of FaDu cells and increased the number of cells stained red by the membrane-
impermeable cell death marker ethidium homodimer-1. Taken together, these data suggest
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that Lico-A exhibits cancer cell-specific cytotoxicity and has potential less side effects as a
potential chemotherapeutic agent.

Next, to clarify the mechanism by which Lico-A induced FaDu cell death, we performed
DAPI staining to examine alterations in chromatin condensation. The number of FaDu cells
with condensed chromatin gradually increased in response to Lico-A in a dose-dependent
manner. Chromatin condensation is a hallmark of apoptotic cell death (Tounekti et al.,
1995). Therefore, these results suggested that Lico-A induced the apoptosis of FaDu cells.
To verify whether Lico-A induced apoptosis in FaDu cells, flow cytometric analysis was
performed on cells co-stained with Pl and annexin V. An indicator of apoptotic cell death is
the exposure of membrane phospholipids to the external cellular environment. Annexin V is
a calcium-dependent phospholipid binding protein that has high affinity for
phosphatidylserine, which is translocated from the inner to the outer cellular membrane
during in apoptotic cells. Therefore, annexin V detect the apoptotic cells with exposing
phosphatidylserin to the outer cellular membrane. Pl does not enter cells with intact cell
membranes. In the results of flow cytometric analysis in present study, FaDu cell
populations in both the late and early stages of apoptosis increased in a time-dependent
manner to approximately 32.12% and 35.62% in response to 100 uM Lico-A treatment for
12 and 24 h, respectively. These findings indicate that Lico-A-induced FaDu cell death
occurs through an apoptotic mechanism, a physiological process for killing cells. Therefore,
apoptosis induced specifically in cancer cells is a promising target for chemotherapeutic
drugs isolated from medicinal plants (Ko and Auyeung, 2013).

The extrinsic apoptotic pathway ligand TRAIL gradually initiated apoptosis in FaDu cells
treated with Lico-A for 24 h, and subsequently activated its downstream pro-apoptotic
factors caspase-8, caspase-7, caspase-3, and PARP. Furthermore, Lico-A-induced TRAIL
expression in FaDu cells triggered the mitochondrial-dependent intrinsic apoptotic pathway,
as indicated by the activation of pro-apoptotic factors such as tBid and caspase-9, expression
of pro-apoptotic factors such as Bax, Bad, and Apaf-1, and the down-regulation of anti-
apoptotic factors such as Bcl-2 and Bcl-xL. These events then induced FaDu cell apoptosis
by activating caspase-3 and PARP as well as the extrinsic apoptotic pathway. Furthermore,
Lico-A induced the activation of caspase-3 in a dose-dependent manner, whereas it was
significantly counteracted by pan-caspase inhibitor Z-VAD-FMK. Moreover, caspase
inhibitors such as Z-VAD-FMK (pan-caspase inhibitor), Z-IETD-FMK (caspase-8
inhibitor), or Z-LEHD-FMK (caspase-9 inhibitor) effectively rescued the Lico-A-induced
apoptosis of FaDu cells. Although recently, Zeng et al., reported that mitochondria
dependent intrinsic apoptosis signaling pathway involved with caspase-9 was dominant in
SCC-25 oral cancer cells treated with Lico-A (Zeng et al., 2014). However, we did not
observe the dominant apoptotic signaling pathways in either of them. These results
suggested that Lico-A-induced apoptosis in FaDu cells are mediated by the activation of
caspase-3 and occurs through both death receptor-mediated extrinsic and mitochondria-
dependent intrinsic apoptotic pathways.

Recently, Kim et al. (2014) reported that Lico-A induced apoptosis in KB human oral cancer
cells by stimulating a FasL-mediated extrinsic apoptotic pathway (Kim et al., 2014).
Although we observed Lico-A-induced FasL expression in KB human oral cancer cells, we
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did not observe FasL expression in FaDu cells stimulated with Lico-A (data not shown). We
attribute this to cellular differences between FaDu and KB human oral cancer cells.

TRAIL, a ligand that initiates the process of apoptosis, was expressed in FaDu cells treated
with Lico-A for 24 h in a dose-dependent manner. TRAIL binds to death receptors such as
TRAIL-RI (death receptor 4) and TRAIL-RII (death receptor 5) located on the surfaces of
cancer cells (de Jong et al., 2001). After TRAIL bound to these receptors, the death receptor
adaptor protein FADD (Fas-Associated protein with death domain) induce the activation of
caspase-8 and subsequently triggered both extrinsic and intrinsic apoptotic signaling
pathways. To determine whether Lico-A-induced TRAIL expression was mediated by a
MAPK signaling pathway, we showed that Lico-A induced the phosphorylation of ERK1/2
and p38 MAPK in FaDu cells. Yao et al. (2014) reported recently that Lico-A is a natural
inhibitor of INK MAPK and did not phosphorylate JINK in FaDu cells (Yao et al., 2014).
Therefore, to verify which MAPK signaling pathway involved with Lico-A-induced
expression of TRAIL, we examined TRAIL expression in FaDu cells treated with 100 pM
Lico-A in both the presence and absence of 25 uM PD98059 (ERK1/2 inhibitor) and 5 uM
SB203580 (p38 inhibitor). Lico-A significantly increased TRAIL expression in FaDu cells,
whereas ERK1/2 and p38 chemical inhibitor suppressed significantly this effect of Lico-A.
The levels of the downstream pro-apoptotic TRAIL targets caspase-8, -9, and -3, as well as
PARP were significantly reduced by ERK1/2 and p38 inhibitors, suggesting that Lico-A-
induced TRAIL expression was regulated by ERK1/2 and p38 MAPK signaling pathways.
TRAIL regulated both extrinsic and intrinsic apoptotic pathways in FaDu cells, and Lico-A-
induced FaDu cell death was completely inhibited by MAPK chemical inhibitors. Recently,
Qu et al. (2011) reported that interferon-a sensitized human gastric cancer cells to TRAIL-
induced apoptosis via activation of a c-CBL-dependent ERK MAPK pathway, and Lee et al.
(2003) reported that interferon-y-induced TRAIL expression was mediated by p38 MAPK in
fetal brain astrocytes. Although we did not investigate the relationship between TRAIL
expression and MAPK activation in the present study, these experiments are ongoing. Taken
together, the expressional regulation of TRAIL might be a key regulator of apoptosis
induction.

To perform an in vivo study, we generated a tumor animal model in which FaDu cells were
xenografted. Tumors were significantly smaller in the xenografted group that had been
administered Lico-A than those in the control group. Moreover, our immunohistochemical
analysis of the tumors showed that caspase-3 activation was markedly increased in those
injected with Lico-A. Although Yao et al. (2014) suggested that the anticarcinogenic effects
of Lico-A in colon and pancreatic tumors was mediated by INK MAPK inactivation, we
showed that Lico-A-induced FaDu cell apoptosis was mediated by TRAIL-induced intrinsic
and extrinsic apoptotic pathways.

5. Conclusion

In the present study, we demonstrated that Lico-A-induced cell death in FaDu cells
depended on the activation of caspases involved in both intrinsic and extrinsic apoptotic
pathways triggered by TRAIL expression. Furthermore, Lico-A induced the expression of
TRAIL by activating both ERK1/2 and p38 MAPK signaling pathways (Fig. 6). Taken
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together, these findings suggest that Lico-A, a potential therapeutic compound derived from
natural herbal plants, can be used for the management of HNSCC.
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Abbreviations

Lico-A Licochalcone-A
HNSCC Head and neck squamous cell carcinoma
TRAIL TNF-related apoptosis-inducing ligand
PARP poly ADP-ribose polymerase
FasL Fas ligand
FADD Fas-associated protein with death domain
BID BH3 interacting-domain death agonist
Bcl-2 B-cell lymphoma 2
Bcl-xL B-cell lymphoma-extra large
Bax Bcl-2-assiciated X protein
BAD Bcl-2-assiciated death promoter
NHOK Normal human oral keratinocytes
FBS fetal bovine serum
MTT 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide
DAPI 4’-6-diamidino-2-phenylinodole
PI Propodium iodide
MAPK mitogen activated protein kinase
DR Death receptor
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Fig. 1.
Licochalcone-A (Lico-A) selectively induces apoptotic cell death in FaDu cells, but not in

human normal oral keratinocytes (hnNOKSs). (A) Lico-A has cytotoxic effects in FaDu cells,
but not in hNOKSs. hNOK and FaDu cells were treated with different doses of Lico-A (0, 25,
50, 100, and 125 puM) for 24 h. Under the indicated treatment conditions, cell viability was
measured using an MTT assay. The data represent the results of three independent
experiments and are expressed as the mean = standard deviation (SD; *p < 0.05 and **p <
0.01 compared to the control). (B) Lico-A increases the apoptotic population in FaDu cells.
To examine Lico-A-induced FaDu cell apoptosis, flow cytometric analysis was performed
using annexin V and propidium iodide (PI) staining. FaDu cells were stimulated with 100
UM Lico-A for 12 and 24 h. After treatment, cells were analyzed by flow cytometry.
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Fig. 2.

Lico-A-induced FaDu cell death is mediated by both intrinsic and extrinsic apoptotic
pathways. FaDu cells were treated with 50 and 100 uM Lico-A for 24 h. After treatment,
both total protein and conditioned media were harvested FaDu cells and then western blots
were performed. (A) Lico-A increases TRAIL expression in both cell lysate and conditioned
media as a dose-dependent manner. (B) Lico-A induces the extrinsic apoptotic signaling
pathway. (C) Lico-A induces the intrinsic apoptotic signaling pathway. (D) Lico-A induces
FaDu cell death by activating caspase-3 and poly (ADP ribose) polymerase (PARP).
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Fig. 3.

Lico-A-induced apoptosis in FaDu cells is dependent on caspase activation. (A) Lico-A
induces the caspase-3/-7 activation in FaDu cells. A caspase-3/-7 intracellular activity assay
was performed using PhiPhiLux-caspase-3/-7 substrate. The stained FaDu cells were
observed and imaged using an inverted phase-contrast microscope. (B) Z-VAD-FMK, a pan-
caspase inhibitor, inhibited Lico-A-induced activation of caspase-3/-7 and PARP in FaDu
cells. FaDu cells were stimulated with Lico-A in presence or absence in Z-VAD-FMK for
24 h. After treatment, total protein was extracted and western blotting was performed to
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assess the activation of caspase-3/-7 and PARP. (C) The inhibition of caspase activation
suppresses Lico-A-induced cytotoxicity in FaDu cells. FaDu cells were stimulated with
Lico-A in the presence or absence in Z-VAD-FMK (pan-caspase inhibitor), Z-IETD-FMK
(caspase-8 inhibitor), or Z-LEHD-FMK (caspase-9 inhibitor) for 24 h. Cell cytotoxicity was
measured by MTT assay.
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Fig. 4.

Li%o-A—induced FaDu cell apoptosis is regulated by TRAIL expression induced by ERK1/2
and p38 MAPK phosphorylation. (A) Lico-A induced the phosphorylation of both ERK1/2
and p38 MAPK, but not INK MAPK in FaDu cells. FaDu cells were stimulated with 100
UM Lico-A for the indicated treatment times. After treatment, total protein was extracted and
western blotting was performed to detect the MAPK activation. (B) Lico-A induces TRAIL
expression via ERK1/2 and p38 MAPK signaling pathways in FaDu cells. FaDu cells were
treated with 100 pM Lico-A in the presence or absence of 25 pM PD98059 (ERK1/2
inhibitor) and 5 uM SB203580 (p38 inhibitor) for 24 h. After treatment, total protein was
extracted and western blotting was performed to assess the changes in TRAIL, caspase-8,
caspase-9, caspase-3, and PARP expression. (C) Inhibition of the ERK1/2 and p38 MAPK
signaling pathways suppresses the Lico-A-induced FaDu cell apoptosis. FaDu cells were
treated with 100 UM Lico-A in the presence or absence of 25 uM PD98059 and 5 uM
SB203580 for 24 h. After treatment, cell cytotoxicity was measured by MTT assay.
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Fig. 5.

Li?:o-A inhibits the volume of FaDu tumors in a xenografted animal model. (A) Lico-A
significantly reduces tumor volume in a FaDu xenograft animal model. Lico-A (10 mg/kg)
and vehicle were intravenously injected into experimental and control groups, respectively,
three times per week for 8 consecutive weeks. Tumor sizes were measured using a caliper
prior to intravenous injections. (B) Lico-A (10 mg/kg) has no effect on animal body weight.
(C) Lico-A (10 mg/kg) induces the activation of caspase-3 in tumor tissue collected from
FaDu cell xenografted animals. After the treatment period, tumor tissues were dissected
from xenografted animals perfused and fixed using saline and 4% paraformaldehyde,
respectively. Dissected tumor tissues were post-fixed using 4% paraformaldehyde and were
embedded in paraffin for sectioning. Immunohistochemistry was performed using caspase-3
antibody as described in the Materials & Methods. Sections were counterstained using
hematoxylin and eosin. Immunoreactive cells are indicated by white arrows.

Food Chem Toxicol. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Park et al. Page 22

* Licochalcone-A induces the expression of TRAIL, an apoptotic death ligand,
through ERK and p38 MAPK signaling pathway in FaDu cells

* Licochalcone-A, which is a
natural pheolic chalconoid
isolated from licorice root of
Glycyrrhize species

Intrinsic apoptosis signaling
pathway

Extrinsic apoptosis signaling
pathway

Licochalcone-A induces the apoptosis through
the activation of proapoptotic factors involved
with extrinsic apoptotic pathway

) \\—SﬂocMOme C - l
* Licochalcone-A down-regulates the anti-apoptotic factors such -

as Bcl-2 and Bel-xL, wherease proapoptotic actors such as Bid,

Bax, Bad, p53, Afaf-1 and caspase-9 are up-regulated or Apoptosis of I:Iead and Neck
activated. Squamous Carcinoma FaDu cells

Fig. 6.
Apoptotic signaling pathway induced by Licochalcone-A in head and neck squamous

carcinoma FaDu cells.
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