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Abstract
Ionizing radiation (IR) is one of the most conventional treatment regimens for treatment of Head and
Neck Squamous Cell Carcinoma (HNSCC). It is often employed as a primary treatment or as an adjuvant
to surgery. Despondently IR has its own drawbacks including radiation resistance, poor prognosis and
frequent recurrence. The main objective of this work was to check the synergistic effect of Lupeol along
with IR in order to observe if adjuvant treatment of novel phytochemicals like Lupeol with IR shows better
efficacy. Head and Neck cancer cell line HEp-2 and UPCI: SCC 131 was treated with both Lupeol (50 µM)
and IR (2 Gy) for short interval and the cytotoxicity of the drug combination was evaluated. Data showed
synergistic effect of Lupeol with IR in both cell lines. The combination of lupeol and IR had highest
cytotoxicity, induction of apoptosis was also found to be higher in the combination treatment.
Additionally the combination also inhibited cell migration and sphere formation capability indicating
direct effect of the combinatorial treatment on the Epithelial to Messenchymal transition (EMT) forming
population of HNSCC cells. Findings also showed downregulation of key oncoproteins (AKT, NF-kB, COX2) in the combination treatment proving synergistic effect of Lupeol with ionizing radiation in killing Head
and Neck cancer cells by downregulating several oncogenic pathways.

Introduction
In recent years, many treatment and management options for cancer has emerged including the primitive
ones i.e. surgery, chemotherapy, radiation therapy and palliative care. Radiotherapy is a highly effective
tool for the cancer treatment and also an important tool of cancer management, conferring survival and
palliative benefits [1-3]. Radiation therapy is the only option [4] for operations those are inoperable.
Furthermore, patients with recurrence after surgery are treated by radiation therapy in most cases.
Radiotherapy destroys cancer by depositing high physical energy of radiations on the cancer cells.
Biological effectiveness of radiation depends on the linear energy transfer (LET), total dose, fractionation
rate and radiosensitivity of the targeted cells or tissues [5]. Low LET radiations e.g. X-rays, gamma rays
and beta particles deposit a relatively small quantity of energy. On the other hand, radiation particles
either negatively charged (electrons) or positively charged (protons, alpha rays, and other heavy ions)
deposits more energy on the targeted areas called the Bragg peak and causes more biological effects
than the low LET radiations. Over a period sufficiently high doses of radiation can sterilize any tumor and
achieve nearly 100% of tumor [6], either alone or in combination with surgery and chemotherapy. Once a
cell gets exposed to ionizing radiation, multiple pathways get involved that participate in the genome
maintenance. A number of experiments have showed than the DNA of cancer cells repair slowly and
produce more DNA breaks with respect to normal cells [7, 8]. In normal cells the transcription factor p53
responds to IR by initiating cell cycle arrest, intrinsic pathway of apoptosis and DNA damage repair [9]
which is often mutated in most cancer cell types [10]. As a result the cancer cells fail to revive and die.
IR induces DNA damage in the form of chromosomal aberration not only in the exposed cancer cells but
also neighbouring un-irradiated cells [11] -an effect known as Radiation Induced Bystander Effect (RIBE).
Recent studies has discovered that RIBE induces various abnormalities including mutation, formation of
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micronuclei, sister chromatin exchange and cell cycle delay [12- 17]. These alterations favour cancer cell
growth and ads up to cancer recurrence. A plethora of plant derived molecules show promising prospects
as novel anticancer therapeutics owing to their natural source, diverse targets and potentially less
hazardous effects. For this reason a wide variety of phytochemicals are being evaluated as potential drug
candidates. Phytochemicals have been a neoteric member for radiosensitization in recent times. Agents
like Curcumin [18], Parthenolide [19], Genistein [20] and Plubmagin [21] have been found to show
radiosensitisztion against various cell lines. These findings have opened a new window for cancer
treatment and it keeps emerging. Lupeol, a well known triterpene, found in various fruits (e.g. olive,
mango, strawberry and grapes), vegetables and several medicinal plants, has been reported for its potent
anti-cancer activity in different cell lines [22]. Keeping these disadvantages of IR and the cytotoxic
properties of Lupeol in mind, we explored the effect of this phytochemical as a radiosensitizing agent. In
this study, we elucidated the effect of Lupeol alone and in combination with IR in HNSCC cells in vitro.

Materials And Methods
2.1 Cell culture and antibodies
The human Laryngeal cancer cell line HEp-2 was gifted by Dr. Chinmay K. Panda, Department of
Oncogene Regulation (ORU), Chittaranjan National Cancer Institute (CNCI), Kolkata. Oral squamous cell
carcinoma cell line UPCI: SCC131 was kindly provided by Dr. Susanne M. Gollin, University of Pittsburgh,
PA, USA. Both the cells were cultured in Minimum Essential Media with Earle′s salts, EMEM (Invitrogen),
supplemented with 10% fetal bovine serum (Gibco, USA) at 37ºC. Mouse monoclonal antibodies against
AKT (sc-5298), NF-kB (sc-8008) and COX-2 (sc-376861) were purchased from Santa Cruz
Biotechnologies. FITC tagged secondary antibodies (F-2761) was purchased from Invitrogen.
2.2 Clonogenic assay
Cells were seeded at a very low number (500 cells/ well) in six well plates. After 24h, they were treated
with the optimum concentration of Lupeol (50 µM) alone and in combination with IR (2Gy) and incubated
for 72 hours. The colonies were stained with Harry’s hematoxylin and number of clones was counted
under Bright Field Microscope (Leica DM1000, Germany).
2.3 TUNEL assay
HEp-2 and UPCI: SCC 131 cells were seeded in six well plates and treated with Lupeol (50 µM) alone and
in combination with IR (2Gy). After 24 hours of incubation TUNEL assay was performed using TUNEL
assay kit- HRP- DAB (ab206386). The cells were fixed and permeablilized using Proteinase K solution.
Next the cells were quenched using 3% H2O2 solution for endogenous peroxidise blocking followed by
equilibration by the TdT equilibration buffer. The cells were then labelled using TdT labelling reaction
mixture, blocked using 100 µl of blocking buffer and developed using DAB working solution. The cells
were finally counterstained by Methyl green and observed under 10X magnification (Leica DM1000,
Germany).
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2.4 Detection of apoptosis
To check the induction of apoptosis, cells were seeded in six well plates and treated with Lupeol (50μM)
and IR (2Gy) alone and in combination. After 24 hours incubation, the cells were centrifuged (1200 rpm
for 5 minutes). The pellet was resuspended in 1x assay buffer (final concentration of 1x106 cells/ ml).
Five micro litres (i.e.1μg) of Annexin V FITC and 10 μl of PI were added to the cells and incubated at room
temperature in the dark for 15 minutes. The cells were washed twice with PBS, resuspended in sheath
fluid (BD FACSFlowTM) containing 2% paraformaldehyde and analyzed using FACSVerseTM.
2.5 Transwell migration assay
HEp-2 and UPCI: SCC 131 cells were seeded in transwell plates (Corning) in serum free media. The
bottom layer was filled with complete media as chemoattractant. The cells were further treated with the
said treatment regime of Lupeol and IR and after 24 hours Transwell migration assay was performed.
The wells were thoroughly washed using 1X PBS, stained with Giemsa stain. After thorough wash the
membrane was carefully taken out, mounted on glass slides and photographed under 40X
magnification (Leica DM1000, Germany).
2.6 Sphere formation assay
Cells were seeded in 96 well plates with ultra low attachment surface (Corning). The hydrogel of the
polystyrene vessel surface forces cells into a suspended state, enabling the formation of 3D spheroid.
The cells were treated with Lupeol (50 µM) and 2Gy of IR and incubated for seven days. On the eighth
day the plates were observed under inverted phase contrast microscope (Leica DM1000, Germany), the
number and diameter of each sphere was calculated and the effect of combination dose of Lupeol and IR
was obtained.
2.7 Immunofluorescence staining
In order to analyse the expression of oncoproteins, HEp-2 cells were seeded in cover slips and grown for
24 hours in 37ºC. Next day the cells were treated with Lupeol (50 µM) and in combination with Lupeol (50
µM) and IR (2 Gy). Treated cells were then fixed in Methanol, treated with primary monoclonal (AKT, NFkB, COX-2) and fluorescence tagged secondary antibodies respectively. The cells were finally incubated
with DAPI and observed under fluorescence microscope (Leica DM4000 B, Germany).
2.8 Flow cytometric analysis
0.3x106 cells (HEp-2) were seeded in each well of six well plates and treated with Lupeol (50 µM) and in
combination with Lupeol (50 µM) and IR (2 Gy). After respective period of incubation, the cells were
centrifuged and the pellet was resuspended in 0.5 ml PBS. For fixation 4.5 ml of 70% ethanol was added
to the suspension. The cells were centrifuged for 5 minutes at 1000 rpm and the cell pellet was
suspended in anti AKT, NF-kB and COX-2 antibody and incubated for 45 minutes in dark. The cells were
Page 4/14

next incubated with FITC tagged secondary antibody and Fluorescence was measured using the longpass filter in BD FACSCaliburTM (USA).
2.9 Western blot
Treated (Lupeol and Lupeol+IR) HEp-2 cells were homogenized and lysed in western blot lysis buffer
(15mM Tris, 2mM EDTA, 50mM 2-Mercaptoethanol, 20% Glycerol, 0.1% Triton X100, 1mM PMSF, 1mM
Sodium Fluoride, 1mM Sodium Orthovanadate, 1µg/ml Aprotinin, 1µg/ml Leupeptin, 1µg/ml Pepstatin) at
room temperature. Fifty microgram of total cell lysates (TLC) were separated on a 10% sodium dodecyl
sulphate- polyacrylamide gel SDS-PAGE, and blotted onto nitrocellulose membranes, blocked in TBS-T
(0.1 % Triton in 1xTBS) and probed with anti- AKT, NF-kB and COX-2 primary antibody overnight at 4ºC.
The membranes were then incubated with the appropriate horseradish peroxidase- conjugated secondary
antibodies. The immunoreactive protein bands were developed by enhanced chemiluminescence kit
(BioVision ECL Western Blot Substrate, USA) and analyzed by a densitometer (Bio Rad, GS 800, USA) for
quantification.

Results
3.1 Synergistic effect of Lupeol with IR showed cuytotoxicity against both cell line and induced
apoptosis. Clonogenic assay (Figure-1) revealed cytotoxicity for all three treatments (Lupeol, IR and
Lupeol with IR). However the combination treatment showed lowest number of clones suggesting the
third regimens’ highest cytotoxicity against HNSCC cells (a). On the other hand TUNEL assay showed the
highest amount of nuclear DAB signal in the combined dose suggesting this group’s ability to induce
apoptosis at the highest level (b). Lupeol alone showed higher number of apoptotic cells with respect to
IR but lower number of apoptotic nuclei than the combination treatment (c).
3.2 Combination of Lupeol with IR interferes in HNSCC cells’ proliferative capability. Migration assay
clearly revealed combination of Lupeol with IR inhibits HNSCC cell’s migratory property (Figure-2). Data
revealed very little amount of alteration in the cells migration in Lupeol and IR alone groups than control
whereas the combination showed marked decrease in the migratory population (a).
3.3 Lupeol along with IR inhibits sphere formation of HNSCC cells. Sphere formation assay showed that
treatment of HNSCC cells in combination with Lupeol and IR not only decrease the number of spheres but
also reduces the sphere diameter indicating their strong inhibitory effect on the CSC population in vitro
(Figure-2). The number of spheres in each field was drastically decreased for all cases including the
combination dose. Shrinkage in the sphere diameter was also observed for all treatment regimens (b).
3.4 Combination of Lupeol and IR downregulates oncoproteins expression in Hep-2
cells. Immunofluorescence staining (a) first revealed qualitative down regulation of oncoproteins (AKT,
NF-kB, COX-2) in combined treatment (Lupeol+IR) with respect to Lupeol alone indicating the
phytochemical’s synergistic effect (Figure-3). Further flow cytometric analysis (b) and western blot (c)
confirmed the findings. Quantitative flow cytometry showed higher efficacy of combined doses of Lupeol
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and IR for all three oncoproteins. Western blot finally confirmed the previous two findings. Data showed
downregulation of all proteins in combination treatment with respect to Lupeol alone.

Discussion
Over the past few decades the overall survival rate for HNSCC has not improved. Additionally, patients
treated with altered fractionation radiotherapy often suffer from acute mucositis [23] and needs a feeding
tube replacement; proton therapy for HNSCC frequently gives rise to recurrence of adenoid cystic
carcinoma of salivary glands, sarcomas and cancer of paranasal sinuses [24]. On the other hand the
most popular treatment Intensity Modulated Radiotherapy (IMRT) has found to irradiate a large number
of normal tissues of the head and neck region causing additional toxicities [25]. For instance, the
mandible can be at highest risk of developing osteoradionecrosis [26]. While studying at the molecular
level, the side effect of IR becomes more prominent. One recent study showed that the response rate of IR
is partly dependent on tumor vasculature. The study revealed vasculature rendered to resist apoptosis
makes the tumor IR resistance [27]. This controversial finding questioned the efficacy of IR itself.
Recent studies suggest that certain phytochemicals can be a good agent for radiosensitization by
induction of DNA damage, potentiate proapoptotic factors and decrease the antioxidant potential hence
raiseOur experiment used the popular polyphenol Lupeol and showed synergistic cytotoxicity in
combination with IR against HNSCC cells. Lupeol was previously established as an inhibitor of cell cycle
and inducer of the intrinsic pathway of apoptosis [28]. This study showed that even in combination with
IR the phytochemical reduces HNSCC cell growth with a higher efficacy that IR alone itself. One of the
major culprits behind radio-resistant cancer is considered to be the cancer stem cells (CSC) population
present in the tumor. Accumulating evidences suggest that the major DNA repair system is active in the
CSC population resulting in their survival after radiotherapy. Similar to normal stem cells, a group of CSC
is found to be slow proliferating and quiescent [29]. A comparative study between a proliferating and
quiescent tissue showed that quiescent cells lack DNA repair mechanism and display accumulation of
DNA double strand break (DSB) resulting in the activation of p53 [30]. However CSCs have attenuated
p53 activation after radiation induced DNA damage that in turn inhibits cell cycle arrest and apoptosis
which in long run gives rise to new mutations [31, 32]. This accumulated mutation further contributes to
the tumor heterogeneity and helps in tumor evolution and disease progression. Keeping this in mind we
wanted to check if the combined treatment had any effect on the CSC population in vitro. As CSCs
directly relate to the plasticity and stemness of the cells, we performed transwell migration assay along
with sphere formation assay. The data showed that Lupeol with IR is also effective in regulation the CSC
activity which can be a suggestive regimen for recurrent cases as well as fresh HNSCC cases with high
risk of relapse. In order to confirm the synergistic effect of Lupeol and IR, we further performed qualitative
and quantitative assays using three common oral oncoproteins. Data showed overall downregulation and
better efficacy of Lupeol with IR in all proteins expression confirming the synergism. Together this work
concludes that Lupeol acts as a synergistic agent with IR for treatment of HNSCC in vitro. Successful
result from in vivo model will further enhance our knowledge about this combinatorial treatment that will
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finally help scientists as well as clinicians bring the use of phytochemicals in synergy with ionizing
radiation from bench to bedside.
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Figure 1
Synergistic effect of Lupeol with IR. HEp-2 and UPCI: SCC 131. Cells were treated with definite doses of
Lupeol (50 µM) and IR (2Gy). Results showed highest cytotoxicity (a) along with induction of apoptosis
(b, c) in the combination dose with respect to all the other treatments including control.
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Figure 2
Transwell migration assay. HEp-2 and UPCI: SCC 131 cells were seeded in 24 transwell migration plate
and incubated for 24 hours after treating with Lupeol (50 µM) and IR (2Gy). Results demonstrated
decrease in the number of migratory cells (a) in the combination with respect to control and Lupeol or IR
alone group. Sphere formation assay (b) showed marked decrease in the sphere diameter as well as
numbers in all treatment groups. Lupeol alone had higher effect on HNSCC cells with respect to IR when
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compared with control. On the other hand the combination demonstrated perfect synergy and inhibited
the highest amount of sphere formation.

Figure 3
Immunofluorescence staining (a) revealed downregulation of AKT, NF-kB and COX-2 expression in the
combination regimen (Lupeol+IR) compared to Lupeol alone. Flow cytometry (b) and Western blot (c)
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data supported the findings. In both cases the combination dose showed higher downregulation of the
oral oncoproteins confirming the synergistic effect of Lupeol with IR.

Page 14/14

