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Abstract Epidermal growth factor receptor (EGFR) path-

way is overexpressed in head and neck cancer (HNC).

Lupeol, a natural triterpene (phytosterol found in fruits,

vegetables, etc.), has been reported to be effective against

multiple cancer indications. Here we investigate the anti-

tumor effects of Lupeol and underlying mechanism in oral

cancer. Lupeol-induced antitumor response was evaluated

in two oral squamous cell carcinoma (OSCC) cell lines

(UPCI:SCC131 and UPCI:SCC084) by viability (MTT),

proliferation, and colony formation assays. Lupeol-medi-

ated induction of apoptosis was examined by caspase 3/7

assay and flow cytometry. Effect of Lupeol on EGFR in the

presence or absence of EGF was delineated by Western

blot. The mRNA stability assay was performed to check the

role of Lupeol on COX-2 mRNA regulation. Lupeol

inhibited proliferation of OSCC cells in vitro by inducing

apoptosis 48 h post treatment. Ligand-induced phospho-

rylation of EGFR and subsequent activation of its down-

stream molecules such as protein kinase B (PKB or AKT),

I kappa B (IjB), and nuclear factor kappa B (NF-jB) was
also found to be, in part, suppressed. Interestingly, Lupeol

suppressed expression of COX-2 at mRNA and protein

level in a time-dependent manner. Primary explants from

oral squamous cell carcinoma tissues further confirmed

significant inhibition of proliferation (Ki67) in Lupeol-

treated explants as compared to untreated control at 48 h.

Together these data suggest that Lupeol may act as a potent

inhibitor of the EGFR signaling in OSCC and therefore

imply its role in triggering antitumor efficacy.

Keywords Oral squamous cell carcinoma � Lupeol �
EGFR � COX-2

Introduction

Oral squamous cell carcinoma (OSCC) is the sixth most

common cancer in the world, accounting for 50–70 % of

total cancer-related mortality [1, 2]. Many types of cancers

including head and neck squamous cell carcinoma

(HNSCC) show perturbation of the epidermal growth fac-

tor receptor (EGFR) which is generally associated with

poor prognosis, invasion, and metastasis; thus, multiple

drug targets have been developed against EGFR [3–7].

EGFR can bind to a variety of ligands such as Epidermal

Growth Factor (EGF), Transforming Growth Factor-a
(TGF-a), and Amphiregulin [8, 9]. EGFR stimulation leads
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to autophosphorylation at a number of tyrosine residues

like Tyr 1068 and Tyr 1086 in the cytoplasmic signal

transduction domain, which in turn leads to AKT phos-

phorylation by increasing Phosphatidylinositol 3-kinase

(PI3K) activity and consequently the downstream pathway

of PI3K-AKT axis [10–12]. Indeed, AKT phosphorylation

is also linked to activation and nuclear translocation of NF-

jB [13]. Targets of NF-jB include various genes such as

cyclooxygenase-2 (COX-2), matrix metalloproteinase 9

(MMP-9) and genes encoding anti-apoptotic proteins

known for impacting tumor initiation, promotion, and

metastasis [14–16]. The COX-2 gene is an immediate

early-response gene that is shown to be induced by onco-

genic growth factor signaling, carcinogens, and tumor-

promoting phorbol esters [16, 17]. A large number of

studies indicated that COX-2 is upregulated in transformed

cells as well as in malignant tissues [18–23].

Due to frequent resistance to conventional chemother-

apies or radiation therapy, the overall survival in cancers

has not improved substantially over last few decades [24],

thus highlighting the need to develop less hazardous and at

the same time more effective new therapeutics. Unfortu-

nately, the therapeutic effects of most of the existing

anticancer drugs in clinics are limited by their general

toxicity toward normal proliferating cells. In recent years,

extensive studies have shown that phytochemicals can

emerge as powerful remedy for various cancers and

expectedly involve low cost and reduced toxicity. These

agents have versatile pharmacological properties confer-

ring antioxidative, hepatoprotective, antimutagenic, anti-

inflammatory, antiarthritic, and antitumorigenic effects

[25–31]. Triterpene group of phytochemicals are hydro-

carbons formed by the condensation of six isoprene units

and represent important structural components of plant

membranes. Lupeol (Lup-20(29)-en-3h-ol) is a naturally

occurring and pharmacologically active triterpene (phy-

tosterol) found in various fruits (e.g., olive, mango,

strawberry, and grapes), vegetables, and in several

medicinal plants [32]. Induction of tumor differentiation

and inhibition of tumor growth has been reported following

Lupeol treatment in mouse melanoma and human leukemia

cells [25, 33]. Studies have also shown that Lupeol inhibits

the growth of hepatocellular carcinoma cells by downreg-

ulating the expression of ATP-binding cassette sub-family

G member 2 (ABCG2) through interfering with the Phos-

phatase and tensin homolog (PTEN)-AKT signaling net-

work [34]. In order to determine the activity of Lupeol on

OSCC, we first investigated its effects on cell viability and

proliferation. Furthermore, we analyzed the antitumor

effects of Lupeol by targeting the activation and expression

of EGFR and its downstream molecules in both in vitro cell

line and patient-derived tumor explant model. We found

that Lupeol has the potential to inhibit proliferation of

OSCC cell lines at least in part through suppression of

EGFR signaling network that encompasses AKT, NF-jB,
and COX-2. Lupeol also inhibits the proliferation of oral

cancer cells of patient tumors in ex vivo. Together our

findings illustrate that Lupeol has the capacity to display its

potent anticancer properties in OSCC.

Methods

Reagents

Lupeol (L5632) and DMSO (D2650) were purchased from

Sigma (St. Louis, MO, USA). A stock solution of Lupeol

(30 mmol; MW = 426.72) was prepared by dissolving it in

warm alcohol and diluting in DMSO at ratio of 1:1. For all

treatment protocols, the final concentrations of DMSO and

alcohol were 0.25 and 0.075 %, respectively, which is non-

toxic to cells. Antibodies against phospho-EGFR

(Tyr1068) (mouse monoclonal, Ab #3777) and total EGFR

(mouse monoclonal, Ab #4267) were obtained from Cell

Signaling Technology. Rabbit polyclonal primary anti-

bodies against pAKT (Ser-473) (sc-7985-R), total AKT

(sc-8312), pIjB (sc-8404), NF-jB p50 (sc-114), NF-jB
p65 (sc-372), COX-2 (sc-7951), b-actin (sc-7210), horse-

radish peroxidase (HRP)-conjugated (sc-2004) and FITC-

conjugated (sc-2012) goat anti-rabbit secondary antibodies

were purchased from Santa Cruz Biotechnologies (Santa

Cruz, CA, USA). Anti-Ki67 antibody (clone MIB-1, mouse

monoclonal) was purchased from DAKO. Human recom-

binant EGF was obtained from Sigma (St. Louis, MO). The

COX-2 and GAPDH primers were purchased from Inte-

grated DNA Technologies. Annexin V Apoptosis Detection

kit (sc-4252 AK) was obtained from Santa Cruz

Biotechnology.

Cell lines and culture

Oral squamous cell carcinoma cell lines UPCI:SCC131 and

UPCI:SCC084 were kindly provided by Professor Susanne

M. Gollin, University of Pittsburgh, Pittsburgh, PA, USA.

Both the cell lines were maintained in Minimum Essential

Medium (MEM) supplemented with 10 % Fetal Bovine

Serum (FBS) (Gibco, Life Technologies, USA) and incu-

bated at 37 �C in a humidified incubator under 5 % CO2

atmosphere. All experiments were performed after 3rd

passage of cell lines. For dose-dependent studies, the 50 %

confluent cells were treated with Lupeol.

MTT assay

The effect of Lupeol on the viability of cells

(UPCI:SCC131 and UPCI:SCC084) was determined by
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3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-

mide (MTT) assay. Briefly, 0.1 9 104 cells per 100 ll of
media were seeded in each well of a 96-well plate and

treated with different concentrations of Lupeol

(5–80 lmol) for 24 and 48 h. At the end of each culture,

MTT (5 mg/ml) was added to each well (10 ll/well) and
plates were incubated at 37 �C for 2 h. Subsequently, the

medium was replaced with 200 ll DMSO and the absor-

bance was measured at 570 nm using microplate reader

(Tecan, infinite M200). In order to determine the IC50

value, the concentration was calculated by non-linear

regression (curve fit) followed by log (inhibition) vs

response equation using GraphPad Prism software.

Proliferation assay

The effect of Lupeol on proliferation of OSCC cell lines

(both UPCI: SCC131 and SCC-084) was determined using

p-nitro phenyl N-acetyl b-D-glucosaminidase. The cells

were grown in 96-well plates and treated with increasing

concentrations of Lupeol (10, 25, and 50 lmol) for 24 and

48 h, in the presence or absence of EGF (100 ng/ml). The

cells were then washed with PBS and 75 ll of substrate

(i.e., 53.3 mg of p-nitro phenyl N-acetyl b-D-glu-
cosaminidase and 384 mg of citric acid dissolved in 20 ml

of water and added 10 ml of 0.5 % Triton X 100, pH 5)

was added to each well. The plates were incubated for

20 min at 37 �C under 5 % CO2 atmosphere. Thereafter,

112.5 ll of developer (112 mg glycine and 55.8 mg EDTA

in 30 ml of water, pH 10.4) was added to each well and the

absorbance was recorded at 400 nm in microtiter plate

reader.

Colony formation assay

UPCI:SCC131 and UPCI:SCC084 cells were seeded sep-

arately in 6-well plates (500 cells/well) and cultured

overnight. The cells were treated with different concen-

trations of Lupeol (10, 25, and 50 lmol) for 24 h. The

entire medium was removed from the plate and washed

with sterile PBS. Fresh media was added and the cells were

cultured for additional 3 days at 37 �C under 5 % CO2

atmosphere. The resultant cell colonies were washed with

PBS, fixed in 10 % formalin for 10 min, and stained with

Harri’s hematoxylin. Colonies, defined as[50 cells, were

counted under bright field of light microscope (Leica

DM1000, Germany) at 209 magnification.

Analysis of caspase 3/7 activity

UPCI:SCC131 cell line was maintained in 96-well plates

and treated with increasing amount of Lupeol (10, 25, and

50 lmol) for 24 and 48 h both in the presence and absence

of EGF (100 ng/ml). The caspase assay was done as per the

manufacturer’s protocol (Apo-one Homogeneous Caspase-

3/7 Assay, Promega). The Caspase substrate and Apo-ONE

Caspase-3/7 buffer were thawed and mixed to make the

Apo-ONE Caspase-3/7 reagent. For the assay, 100 ll of the
reagent was added to each well of the 96-well plate con-

taining 100 ll medium and gently mixed using a plate

shaker at 500 rpm. The plate was incubated at room tem-

perature for 30 min and fluorescence of each well was

measured using a spectrofluorometer (485Ex/527Em).

Detection of apoptosis

To determine the rate of early and late apoptosis, flow

cytometric analysis was done using Annexin V Apoptosis

Detection kit. UPCI:SCC131 cells were seeded in six-well

plates and treated with Lupeol (50 lmol). After 24, 48, and

72 h incubation, the cells were centrifuged (1500 rpm for

5 min). The pellet was resuspended in 19 assay buffer

(final concentration of 1 9 106 cells/ml). Five micro liter

(1 lg) Annexin V FITC and 10 ll PI were added to the

mixture and incubated at room temperature in the dark for

15 min. Finally, 400 ll of 19 assay buffer was added and

the samples were analyzed using BD FACSVerseTM.

Western blot analysis

UPCI:SCC131 cells were seeded on six-well plates and

grown overnight. Cells were pretreated with 50 lmol of

Lupeol before exposure to 100 ng/ml of EGF for 30 and

60 min. Cells were lysed in ice-cold cell lysis buffer

(15 mM Tris, 2 mM EDTA, 50 mM 2-mercaptoethanol,

20 % glycerol, 0.1 % Triton X-100, 1 mM PMSF, 1 mM

sodium fluoride, 1 mM sodium orthovanadate, 1 lg/ml

aprotinin, 1 lg/ml lenpeptin, and 1 lg/ml pepstatin). The

total cell lysates (TCL) were centrifuged at 13,500 rpm at

4 �C for 15 min, and the supernatant was aliquoted in

separate tubes. The protein concentration was measured

using BSA kit (Thermo Scientific) as per the manufacture’s

protocol. Total extracts (50 lg protein/lane) were subjected
to SDS-PAGE and electro-transferred to nitrocellulose

membranes. The membranes were blocked with 5 % non-

fat dry milk in Tris-buffered saline (20 mM Tris�HCl and
137 mM NaCl, pH 7.5) for 1 h at room temperature. The

target proteins were detected by incubation of the mem-

branes overnight with appropriate primary antibodies

(Caspase 3 cleaved or active, pEGFR, pAKT1/2/3, NF-jB
p50 and NF-jB p65 and COX-2). Next day, the membranes

were washed using Tris-buffered saline (TBS) with 0.5 %

Tween 20 and incubated with HRP-conjugated goat anti-

rabbit secondary antibody. Final detection of signal was

executed by using enhanced chemiluminescence kit

(BioVision ECL Western Blot Substrate) according to the
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manufacturer’s instructions. The resulting bands were

analyzed using a densitometer (Bio-Rad, GS 800). b-Actin
expression was tested for confirming equal loading of

proteins.

Immunofluorescence analysis

For immunofluorescence analysis, UPCI:SCC131 cells

were seeded on cover slips in six-well plates and cultured

overnight. Cells were treated with 50 lmol of Lupeol for

60 min, both in the presence of 100 ng/ml EGF and

without EGF. The cover slips in culture of Lupeol

(50 lmol) treated UPCI:SCC131 were incubated with

1:600 dilution of anti NF-jB p50 and anti p65 primary

antibody after permeabilization with 0.5 % Triton X-100

and blocking with 5 % BSA. After washing with phosphate

buffered saline (PBS) containing 0.5 % Tween 20, the

cover slips were incubated with FITC-conjugated goat anti-

rabbit secondary antibody at 1:500 dilution and incubated

with DAPI. Cover slips were mounted with glycerol and

imaging was performed in florescence microscope (Leica

DM4000 B, Germany).

Tumor explant studies

Fresh tumor tissues were collected from a total of five

primary oral squamous cell carcinoma patients (median age

52, four male and one female, site oral cavity, histologic

types: moderately differentiated squamous cell carcinoma)

from Chittaranjan National Cancer Institute (CNCI),

Kolkata, India, immediately after surgical resection. In-

formed consent from patients and approval from the

Research Ethics Committee of the institute were obtained.

All works described here have been carried out in accor-

dance with The Code of Ethics of the World Medical

Association (Declaration of Helsinki). The tumor samples

were transported to the laboratory at 4 �C, in appropriate

transport buffer, for ex vivo studies and molecular and

pathological evaluation. Tissues were cut into *2–3 mm3

sections and cultured in 96-well plates that were coated

with tumor matrix proteins and media supplemented with

2 % autologous serum [36]. Tumors were treated with

Lupeol at a dose of 50 lmol, or with vehicle for 72 h.

DMSO was used as a vehicle control.

Immunohistochemical analysis

Changes in Ki67 prior to and after drug treatment were

evaluated by IHC using specific antibodies. Initial anti-

gen retrieval of FFPE sections was done in antigen

unmasking solution (Citrate based, Vector Laboratories)

by exposure to microwave heating for 30 min. Quenching

of endogenous peroxidase was done by 3 % H2O2 for

15 min. Protein blocking was carried out at room tem-

perature for 1 h with 10 % goat serum. FFPE sections

were incubated with primary antibody (anti-Ki67 anti-

body, mouse monoclonal and clone MIB-1, Dako) at

room temperature for 1 h. This was followed by incu-

bation with HRP-conjugated goat antimouse secondary

antibody (Envision; Dako kit, K5007) for 1 h at room

temperature. Chromogenic development of signal was

done using 3,30-diaminobenzidine (Envision; Dako kit,

K5007). Tissues were counterstained with Hematoxylin

(Papanicolaous solution 1a). Scoring and calculation of

drug-induced inhibition in Ki67 in individual tumor

explants were performed as described previously. Briefly,

mean positive Ki67 cells were determined as percentage

value from triplicates.

Quantitative PCR and mRNA stability assay

UPCI:SCC131 cells were treated with 50 lmol of Lupeol

for 48 h. For real-time PCR, total RNA was isolated from

treated cells using TRIZOL reagent according to the

manufacturer’s protocol and the complementary DNA

(cDNA) was prepared from 2 lg of total RNA with

Superscript III reverse transcriptase (Invitrogen, CA,

USA). Quantitative analysis of cDNA amplification was

assessed by incorporation of SYBR Green nucleic acid

stain (KAPA Biosystem) into double-stranded DNA. The

specific oligonucleotide primer pair for the COX-2 gene is

as follows COX-2 Forward: 50-GAATCATTCACCAGG-
CAAATTG-30 and COX-2 Reverse: 50-TCTGTACTGCG
GGTGGAACA-30. For GAPDH, the forward primer is

50-ATCACTGCCACCCAGAAGAC-30 and the reverse

primer is 50-CACATTGGGGTAGGAACA C-30. PCR was

performed on a total volume of 20 ll containing 20 ng of

cDNA template, 0.4 ll each of forward and reverse pri-

mers, and SYBR Green PCR Master Mix. All cDNA

samples were tested in triplicate using the ABI PRISM

7500. Data were presented as relative to control cells.

For mRNA stability assay, cells were treated with

50 lmol of Lupeol for 6 h. Following treatment of the cells

with actinomycin D (10 lg/ml final concentration), total

RNA was extracted at specified time periods (0–180 min).

The mRNA was subjected to real-time PCR as mentioned

above.

Statistical analysis

All results were given as the average of three independent

experiments and were presented as mean ± standard error

(SEM). One-way Analysis of Variance (ANOVA) was

used to determine the significance relative to the unexposed

control. Differences were considered significant when

p\ 0.05.. 6
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Results

Lupeol reduces cell viability and inhibits

proliferation in UPCI:SCC131

In order to ascertain the anticancer effects of Lupeol on

oral carcinoma in vitro, we performed a series of functional

evaluation based on multiple end point assays. In this line,

first we rely on the output from viability of cells following

Lupeol treatment. Results from MTT assay revealed that

Lupeol inhibited the viability of both the OSCC cell lines

(UPCI:SCC131 and UPCI:SCC084) in a dose- and time-

dependent manner with IC50 values of 26.1 and

21.42 lmol, respectively, when the cells were exposed

in vitro for a duration of only 24 h (Fig. 1a–d). More than

fourfold inhibition of viability was observed at this time

point indicating a prompt and robust effect of the agent.

We next determined the inhibitory effect of Lupeol on

proliferating cells. Treatment with Lupeol (50 lmol) signif-

icantly decreased the proliferation of both the cell lines. We

observed 64 % inhibition after 24 h and 65 % inhibition after

48 h (p\ 0.01) in UPCI:SCC-131 cells (Fig. 2a). While in

case of UPCI:SCC084, about 69 % inhibition after 24 h and

75 % inhibition after 48 h was observed (Fig. 2b) and it was

found to be statistically significant (p\0.01). Since it is

perceived that the presence of elevated or additional growth

factors or ligands in autocrine paracrine signaling loop can

further trigger an aggressive proliferation cascade, we inten-

ded to understand the effect of Lupeol in regulating ligand-

dependent proliferation of cells. To elucidate this, we main-

tained the UPCI:SCC131 cells in the presence of EGF, a

ligand for cognate receptor EGFR. Interestingly, we noticed

that Lupeol treatment significantly, but to a lesser extent,

induced impairment of proliferation of UPCI:SCC131 cells,

evincing a 52 % inhibition after 24 h and 60 % inhibition

after 48 h in the presence of EGF (p\ 0.01) (Fig. 2a). In case

of UPCI:SCC084, there was 65 % inhibition after 24 h and

60 % after 48 h. Thus, it may be anticipated that Lupeol

impedes proliferation both in the presence and absence of

EGF in these oral squamous cell carcinoma cell lines

(Fig. 2b). We further confirmed these results by colony for-

mation assay. The results demonstrated that Lupeol inhibited

colony formation of the cell lines in a dose-dependentmanner,

and the maximum inhibition was observed at 50 lmol con-

centration (Fig. 2c, d). There was an overall decrease in the

number of colonies by 80 % in UPCI:SCC131 cell line and

this inhibitionwas 85 % inUPCI:SCC084 cell line (p\ 0.01)

after to the highest dose (i.e., 50 lmol) of Lupeol (Fig. 2c, d).

Fig. 1 Cytotoxicity of Lupeol on UPCI:SCC131 and UPCI:SCC084

cells: to evaluate drug sensitivity, UPCI:SCC131 cells were treated

with different doses of Lupeol (5–80 lmol) along with control for 24

and 48 h and MTT assay was done. a Lupeol-treated cells showed a

significant decrease in cell viability (**p\ 0.01). b IC50 dose of

Lupeol in UPCI:SCC131 cells was calculated to be 26.1 lmol.

Similarly, UPCI:SCC084 cells were treated with different concentra-

tions of Lupeol (5–80 lmol) along with control for 24 and 48 h and

MTT assay was done. c Viability of Lupeol-treated cells 24 and 48 h

**p\ 0.01. d IC50 dose of Lupeol in UPCI:SCC084 cells was

calculated to be 21.42 lmol
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Lupeol induces apoptosis in UPCI:SCC131 cells

in vitro

One of the important parameters of assessing drug efficacy

in in vitro and in vivo settings is measurement of apoptosis

as many drugs exert their anticancer effects by interfering

with both proliferation and inducing multiple facets of

apoptosis network. From this perspective, we further

looked into the effect of Lupeol on cell death. Particularly,

we measured Caspase 3/7 activity after 24 and 48 h of

treatment with Lupeol in the presence or absence of

exogenous EGF. We found that Lupeol induced apoptosis

in UPCI:SCC131 cells and exerts its effects in a dose-

dependent manner both in the presence and absence of

Fig. 2 Lupeol inhibited EGF-mediated proliferation and colony

formation of OSCC cell lines: Cells were incubated with Lupeol (0,

10, 25, and 50 lmol) alone and with 100 ng/ml of EGF for 24 and

48 h. a Lupeol dose affects on the proliferation of UPCI:SCC131

cells both in the presence and absence of EGF. b Effect of Lupeol on

proliferation of UPCI:SCC084 cell line. Data represented as

mean ± SEM of three experiments with **p\ 0.01 compared to

control. c, d UPCI:SCC131 cells and UPCI:SCC084 were treated with

different concentrations of Lupeol (0, 10, 25, and 50 lmol) for 24 h.

Effect of Lupeol doses on colony formation for both UPCI:SCC131

and UPCI:SCC084 cells. Data represented as mean ± SEM of three

experiments with **p\ 0.01 compared to control

102 Mol Cell Biochem (2016) 417:97–110
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EGF. Quantification of these results demonstrated that

Lupeol treatment (50 lmol) induced a significant increase

(34 %) in apoptosis after 24 h and 84 % increase after 48 h

(p\ 0.01). Moreover, Lupeol treatment (50 lmol) resulted

in an increase in apoptosis (by 30 % after 24 h and 69 %

after 48 h) even in the presence of EGF (Fig. 3a). These

results also showed that Lupeol has the capacity to induce

apoptosis in UPCI:SCC131 cells in a dose-dependent

manner (p\ 0.01).

We further ascertained this effect by performing addi-

tional evaluation metrics. Data obtained from Annexin-PI

flow cytometry assay exhibited that Lupeol (50 lmol)

significantly increased apoptosis in UPCI:SCC131

(p\ 0.01) and as the time progressed maximum apoptosis

(58 %) was found at 72 h after treatment (Fig. 3b, c).

These data were further confirmed by Western blot using

the protein lysates derived from Lupeol-treated

UPCI:SCC131 cells and labeled with anti-active caspase 3

(i.e., executioner caspase) antibody. The results confirmed

that with increase in time, Lupeol (50 lmol) induced

apoptosis in UPCI:SCC131 cells as evidenced by increased

level of active caspase 3 (Fig. 3d, e).

Lupeol inhibits EGF-mediated phosphorylation

of EGFR and its downstream signaling

Data obtained from multiple end point assays prompted us

to elucidate the mechanistic aspects of Lupeol-induced

antitumor response in oral carcinoma cells. One of the key

oncogenic signaling pathways critically involved in oral

cancer is EGFR and its interaction or cross-talk at diverse

levels with other molecules. We, therefore, first elucidated

the role of EGFR pathway and its perturbation in effecting

growth and survival of oral cancer cells in conventional

in vitro model system. As shown in Fig. 4, treatment with

EGF (100 ng/ml) increased the expression of phospho-

EGFR and phospho-AKT after 30 and 60 min of stimula-

tion, respectively. However, addition of Lupeol (50 lmol),

in part, reversed this growth factor-mediated phosphory-

lation of EGFR and AKT, while levels of corresponding

total proteins were found to remain unaltered.

One of the downstream effects of EGFR signaling is

activation of NF-jB. Therefore, next we determined the

effect of Lupeol on IjB phosphorylation (a signal of this

activation cascade) and subsequent expression as well as

localization of NF-jB. Western blot analysis of the protein

extracts illustrated that EGF treatment for up to 60 min

resulted in induction of IjB phosphorylation and NF-jB
(both NF-jB1-p50 and RelA-p65 sub units) expression. In

contrast, treatment with Lupeol resulted in inhibition of all

these three proteins (Fig. 5a). In order to verify if Lupeol

treatment hinders the NF-jB translocation to nucleus,

immunofluorescence staining was performed. The resultant

data showed that supplementation with EGF increased the

nuclear localization, whereas treatment with Lupeol

resulted in decreased expression and blockade of translo-

cation of both NF-jB1-p50 and RelA-p65 molecules into

the nucleus in treated cells compared to control (Fig. 6).

Lupeol downregulates COX-2 mRNA and protein

expression by decreasing mRNA stability

Since induction of EGFR signaling has potential to regulate

a number of other critical signaling factors and COX-2

expression is linked to the survival of oral carcinoma cells,

we wanted to delineate the impact of Lupeol-induced

EGFR inhibition on modulating, in parallel, COX-2

expression. RT-PCR analysis showed that Lupeol

(50 lmol) decreased COX-2 mRNA level (Fig. 7a) after 24

and 48 h of treatment. Next, we determined the effect of

Lupeol on COX-2 mRNA stability using actinomycin D.

Results demonstrated that half-life of COX-2 mRNA

decreases from 64 to 30 min when compared to controls

(Fig. 7b). Together these results further demonstrated that

Lupeol significantly reduced the COX-2 expression

(Fig. 7c) and the observed effect was enhanced with pro-

gression of the exposure time.

Lupeol inhibits tumor cell proliferation in patient-

derived ex vivo system

We further elucidated the effect of Lupeol in a more rel-

evant ex vivo explant culture model where key components

of tumor microenvironment were found to be intact up to

3 days and this contextual preservation is known for

impacting drug efficacy in personalized setting [35].

Patient-derived multiple tumor tissues of oral origin were

cultured in slices to assess the Lupeol effects. Interestingly,

Lupeol treatment showed profound decrease in prolifera-

tion of tumor cells (Ki-67) compared to control at 72 h post

treatment (Fig. 8). These data showed that Lupeol can

emerge as a strong anticancer molecule and their intro-

duction as new paradigm would improve treatment

outcome.

Discussion

Phytochemicals as anticancer agents hold great promise in

oncology drug development and emerge as effective means

in the changing anticancer therapeutic landscape. The recent

reports on the effect of epigallocatechin gallate from green

tea and curcumin from turmeric on growth suppression of

HNSCC cell lines suggested the potential use of natural

dietary substances in the treatment of HNSCC where

smoking and some other habits in contrast compound the risk
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of malignant development and prognosis [36]. The major

advantage of these natural substances over the conventional

chemotherapy is their minimal toxicity to the body and

potentially broad mechanism of action. Obviously, natural

agents that induce apoptosis conceivably help minimizing

the chances of acquired drug resistance and decrease

frequency of mutagenesis [37]. From these perspectives, in

our study, we intended to find out the activity of Lupeol on

OSCC in vitro and confirm the same in a clinically relevant

patient-derived ex vivo models.

We recreated two distinct experimental conditions

mimicking the actively operating oncogenic pathway(s) by

Fig. 3 Lupeol-induced apoptosis in UPCI:SCC131 cells: a cells were
incubated with Lupeol (0, 10, 25, and 50 lmol) alone and with

100 ng/ml of EGF for 24 and 48 h. Lupeol treatment induces

apoptosis in UPCI:SCC131 cells in the presence and absence of EGF.

Data are expressed as percentage relative to control and mean ±

SEM of three experiments (**p\ 0.01 compared to control, n = 3).

b UPCI:SCC131 cells were treated with 50 lmol of Lupeol for a

specific time period (24, 48, and 72 h) and Annexin V-PI assay was

performed for determine the extent of apoptosis. Lupeol induced

apoptosis in UPCI:SCC131 in a time-dependent manner. c Graphical

representation of the Annexin V/PI based on flow cytometry data.

d UPCI:SCC131 cells were treated with 50 lmol of Lupeol for 24,

48, and 72 h. Following cell lysis, equal amounts of proteins were

immunoprecipitated by caspase 3 antibody, to check the active

caspase 3 expression in the treated cells. Lupeol induced caspase 3

activation with increase in time. e The changes in expression of

caspase 3 was calculated by densitometric analysis of the proteins

bands and plotted against different time periods. Data represented as

mean ± SEM, n = 3 and **p\ 0.01 compared to the corresponding

control

104 Mol Cell Biochem (2016) 417:97–110

123



using ligand-driven and ligand-deprived survival cascade

to elucidate inhibitory roles of Lupeol. We found that

Lupeol effectively induced antitumor response by activat-

ing diverse growth suppressing events like inhibiting cel-

lular proliferation and inducing apoptosis in a

physiologically relevant UPCI:SCC131 cell line. In many

assays, these effects were found to be dose-dependent. We

further checked the effect of Lupeol by repeating the via-

bility and proliferation assays on a second OSCC line, i.e.,

UPCI:SCC084. It is noteworthy that the results that we

obtained in case of UPCI:SCC131 (which originates from a

new primary tumor) were similar to those found in

UPCI:SCC084 cell line, which originates from a recurrence

tumor, thus emphasizing the fact that Lupeol may be

equally effective for treatment of both primary and recur-

rent tumors. As part of a larger oncogenic network, it is

known that binding of growth factors such as EGF or TGFa
to their respective receptors lead to induction of signaling

networks that critically influence the proliferation, migra-

tion, survival, adhesion, and differentiation of cells [38].

Within this context, we also delineated the effects of

Lupeol on proliferation of OSCC cells under both EGF-

induced and corresponding basal conditions. Interestingly,

our observations supported the role of Lupeol in dimin-

ishing EGFR effects under both ligand-free and ligand-

enriched conditions as specifically we observed that

exposure to Lupeol blocked proliferation in both the cell

lines at the same concentration even when the cells were

stimulated with EGF. These findings were further con-

firmed using a number of endpoint assays such as colony

formation assay. Indeed, any anticancer molecule offers

better therapeutic efficacy when it concurrently enhances

multiple antigrowth and antisurvival properties of tumors.

In this line, we found that Lupeol was able to trigger cel-

lular apoptosis pathway by activating caspase 3 and 7

cascade the key effector molecules known to induce

apoptosis in many cancer cells by amplifying the signals

from initiator caspases, such as caspase 8 or caspase 10

[39]. Previous study has also shown that stimulation with

EGF inhibits apoptosis in breast cancer cells following

Fig. 4 Effect of Lupeol on EGFR and AKT phosphorylation on

UPCI:SCC131 cells: a UPCI:SCC131 cells were treated with

50 lmol of Lupeol and 100 ng/ml of EGF for 30 and 60 min.

Following cell lysis, equal amounts of proteins were immunoprecip-

itated by a specific antibody against EGFR, pEGFR (Tyr-1068), AKT

and pAKT (Ser-473), total and phosphorylated status of the proteins

were determined in the presence or absence of EGF. b, c The changes
in expression of pEGFR and pAKT were calculated by densitometric

analysis of the proteins bands and plotted against different time

points. Data represents as mean ± SEM, n = 3 and **p\ 0.01

compared to the corresponding control
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Fig. 5 Effect of Lupeol on IjB and NF-jB: a Western blot analysis

showing treatment of cells with Lupeol along with EGF in modulating

pIjB expression along with its downstream molecules NF-jB1 and

Rel A at different time points. b The change in expression ratio of

pIjB relative to control was calculated by densitometric analysis of

protein bands. c, d Relative quantification of NF-jB1 and Rel A

protein expression plotted against different time points. Data repre-

sented as mean ± SEM, n = 3 and **p\ 0.01 compared to the

corresponding control

Fig. 6 Immunofluorescence

analysis of NF-jB1 and Rel A

localization: EGF-mediated

nuclear translocation of both the

molecule NF-jB1 and Rel A

was determined in the context of

Lupeol treatment in

UPCI:SCC131 cells by

immunofluorescence

microscopy. Colors and

localization of individual

proteins are depicted. (Color

figure online)
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Fig. 7 Effects of Lupeol on COX-2 mRNA level, mRNA stability,

and protein expression: Cultured UPCI:SCC131 cells were treated

50 lmol of Lupeol. a Real-time PCR analysis demonstrated the

effects of Lupeol treatment on COX-2 mRNA expression after 24 and

48 h. b UPCI:SCC131 cells were treated with 50 lmol of Lupeol for

0–180 min followed by treatment with actinomycin D. Lupeol

treatment affects the COX-2 mRNA half-life. c Western blot analysis

revealed the consequence of treatment with Lupeol on COX-2 protein

expression after 24 and 48 h. d Relative quantification of COX-2

protein bands plotted against different time periods. Data are

represented as mean ± SEM, n = 3 and **p\ 0.01 compared to

the corresponding control

Fig. 8 Lupeol inhibits tumor cell proliferation in ex vivo settings.

Primary oral squamous cell carcinoma tissue samples (n = 5) were

sliced and cultured in explant in the presence of autologous serum-

and tumor-matched matrix proteins. Tumor tissues were exposed to

Lupeol (50 lmol) for 72 h. Antitumor effect was evaluated by

(a) tumor cell content (H&E) and cell proliferation

(immunohistochemistry with anti-Ki67 antibody). b Corresponding

quantification of H&E (tumor content) and c Ki67 inhibition. Data are
representative of total five independent experiments each performed

in triplicates.*p\ 0.05 and **p\ 0.01 compared to the correspond-

ing untreated controls
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treatment with docetaxel [40]. We interestingly noticed

that, in addition to inhibit proliferation, Lupeol induced

apoptosis in UPCI:SCC131 cells, an effect that was trig-

gered both in the presence and absence of EGF at an early

time point (24 h) and maintained up to the end of treatment

(48 h). These findings suggest the effectiveness of Lupeol

as an anticancer therapeutic molecule.

It has been reported that EGF binding to EGFR induces

a series of biochemical events including phosphorylation of

EGFR in its kinase domain. Thus, the activated EGFR is

known to be elevated without changing total EGFR protein

level [41]. Deregulation of EGFR by overexpression or

constitutive activation is associated with angiogenesis and

metastasis, leading to the formulation of many therapies

targeting EGFR [6]. Owing to the development of drug

resistance, therapeutic monoclonal antibodies and synthetic

small molecule tyrosine kinase inhibitors, directed against

EGFR, often result in adverse consequences for cancer

patients [42, 43]. Thus, there is the need to develop less

toxic treatment approach with reduced chance of resistance

attributable to broad cellular and molecular targets. This is

where the natural products raised considerable interest in

recent years as valuable resources to develop novel treat-

ment options [44]. Appreciating this potential, we subse-

quently evaluated the activity of Lupeol on EGFR and

concomitant AKT phosphorylation, both in the presence

and absence of EGF, and found that Lupeol evoked inhi-

bition of both the molecules under basal growth condition

as well as in EGF-stimulated state. Activation of AKT is

known to result in subsequent phosphorylation of IjB and

concomitant activation of NF-jB protein [45, 46]

prompting us to evaluate in parallel the effect of Lupeol on

the expression of these molecules. Consistent with the

upstream effects, Lupeol inhibited the phosphorylation of

IjB and activation of its target molecule NF-jB both in the

presence and absence of EGF as specific inhibition of

translocation into nucleus was evident. Mechanistically, it

was revealed that Lupeol reduced translocation of the two

subunits of NF-jB (NF-jB1-p50 and RelA-p65) into the

nucleus both in the presence and absence of EGF. Taken

together, these results suggest that Lupeol treatment can

inhibit EGFR signaling by downregulating the phospho-

rylation (both auto- and signal induced) of the proteins and

also the subsequent activation of its downstream molecules

(for e.g., AKT, IjB, and NF-jB).
Another critical aspect of Lupeol-induced antitumor

response was its role to disrupt interaction of NF-jB with

other pro-tumor molecules, particularly COX-2.

Cyclooxygenase enzymes, also called Prostaglandin

Endoperoxide Synthase, catalyze the conversion of

Arachidonic acid to Prostaglandin E2 (PGE2). It has been

reported that EGF-induced COX-2 and prostaglandins

synthesis in oral epithelial cells occurs through EGFR

pathway [47]. Upon activation, translocated NF-jB acts as

a transcription factor in nucleus and induces COX-2

expression [48]. This encouraged us to further examine the

activity of Lupeol on COX-2 mRNA level and protein

expression. Interestingly Lupeol treatment led to the sub-

stantial decrease in COX-2 mRNA expression along with a

decrease in COX-2 mRNA half-life in UPCI:SCC131 cells

which was corroborated with COX-2 protein expression.

Further validation of cell line results of Lupeol in a clini-

cally relevant ex vivo system capturing complexity of

native tumor microenvironment and its diverse context

fortified the scope of elucidating its potential as effective

anticancer agent in clinical settings.

Conclusion

The present study provides the evidence that Lupeol

treatment suppresses the tumor cell proliferation and

induces their apoptosis in dose- and time-dependent man-

ner in diverse in vitro settings. The study also provided a

mechanistic insight wherein Lupeol was found to inhibit

the phosphorylation of EGFR and thus activation of its

subsequent critical downstream molecules such as AKT,

IjB, NF-jB, and COX-2. Lupeol in a clinically relevant

ex vivo explant culture model of primary OSCC demon-

strated profound decrease in proliferation of tumor cells

and encourages further validation in a larger cohort. Col-

lectively, these findings are indicative of a promising

anticancer function of Lupeol and may lead to new

strategies that potentially ensure maximum therapeutic

benefit in a clinically challenging scenario.
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