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Abstract
Metastasis and chemoresistance represent two detrimental events that greatly hinder the outcome
for those suffering with head and neck squamous cell carcinoma (HNSCC). Herein, we
investigated benzyl isothiocyanate’s (BITC) ability to inhibit HNSCC migration and invasion and
enhance chemotherapy. Our data suggests that treatment with BITC: 1) induced significant
reductions in the viability of multiple HNSCC cell lines tested (HN12, HN8, and HN30) after 24
and 48 hours, 2) decreased migration and invasion of the HN12 cells in a dose dependent manner,
3) inhibited expression and altered localization of the epithelial-mesenchymal transition (EMT)
marker, vimentin. We also observed that a pretreatment of BITC followed by cisplatin treatment
1) induced a greater decrease in HN12, HN30, and HN8 cell viability and total cell count than
either treatment alone, and 2) significantly increased apoptosis when compared to either treatment
alone. Taken together these data suggest that BITC has the capacity to inhibit processes involved
in metastasis and enhance the effectiveness of chemotherapy. Consequently, the results indicate
that further investigation, including in vivo studies, are warranted.
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INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) is the 6th most common form of cancer
worldwide, and the 8th leading cause of cancer-related deaths (1). Current treatment for
HNSCC often entails a disfiguring and risky surgical operation, combined with
chemotherapy and/or radiation therapy (2–4). These treatment options are associated with
numerous side effects that dramatically affect a patient’s quality of life, and despite the
aggressive treatment options the increase in overall survival of HNSCC has not improved in
the past three decades (1, 4–7). The low survival rate is due, in part, to both loco-regional
and distant metastasis, which occurs in 40–60 percent of HNSCC patients (4, 7, 8).
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Additionally, the rate of HNSCC metastasis after recurrence is high, and relapse/recurrence
is associated with heightened chemoresistance (7).

A common chemotherapeutic drug used for HNSCC is cisplatin, but the side effects
associated with effective treatment doses can be severe. Additionally, one of the major
obstacles in the therapeutic use of cisplatin is intrinsic or acquired resistance. Therefore,
adjuvants therapies that enhance the efficacy of cisplatin and/or decrease the amount of
cisplatin needed to achieve tumor response could improve patient outcome.

The acquisition of chemoresistance and the initiation of metastasis are a complex multistep
processes. The use of natural products, such as isothiocyanates (ITCs), which are known to
target many cellular pathways linked to both of these processes, provides a unique therapy
option for HNSCC. ITCs are phytochemicals produced by several plant species, particularly
cruciferous vegetables (9, 10). ITCs are a product of glucosinolate hydrolysis, which is
initiated by an enzyme called myrosinase (11). This enzyme is found spatially separated
from glucosinolates in cruciferous vegetables and in our own human enteric microflora (11).
The reactive group of ITCs, R-N=C=S, plays a significant role in ITCs involvement in
numerous cellular pathways (12). This functional group is known to target cysteine residues,
which are often found in the catalytic site of many enzymes, and thereby can induce a wide
range of effects inside a cell (13, 14).

Benzyl isothiocyanate (BITC) is an ITC of particular interest in cancer therapy because of
its ability to inhibit cell growth and induce apoptosis in several types of cancer cell lines,
including HNSCC (11, 15, 16). In addition to inhibiting cell growth and inducing apoptosis
BITC may play a role in inhibiting angiogenesis, epithelial-mesenchymal transition (EMT),
and metastasis (17–19).

The present study builds on recent findings, which indicate that BITC may be able to inhibit
metastasis and increase chemosensitivity. The evidence suggests that ITCs may prevent
migration and invasion of several types of cancer cells, but the role of BITC in prevention of
HNSCC migration and invasion has not been investigated. We elected to focus on BITC
over other ITCs because our preliminary screenings suggested that the concentrations
needed to elicit a response in HNSCC appear to be lower than other ITCs studied. Through
the use of various in vitro studies we are reporting for the first time that BITC can inhibit
migration and invasion of HNSCC cell lines. The potential use of BITC as an adjuvant
treatment to inhibit metastasis, decrease markers associated with EMT, and enhance
chemotherapy is a novel treatment approach.

MATERIALS AND METHODS
Materials

Benzyl isothiocyanate (99.5% pure) was purchased from LKT Laboratories, Inc. (St. Paul,
MN). Stock solutions of BITC (100mM) were prepared in DMSO and diluted into growth
medium such that the final concentration of DMSO did not exceed 0.02% (v/v), a
concentration that did not induce toxicity in HN12, HN30, HN8, and HAK cells. Cis-
Diammineplatinum (II) dichloride (CDDP) was purchased from Sigma-Aldrich (St. Louis,
MO). Stock concentrations of CDDP (1mg/1mL) were prepared in a 0.9% sterile saline
solution.

Cell Culture and Reagents
The highly metastatic HNSCC cell line, HN12, and moderately metastatic HNSCC cell line,
HN30, were a kind gift from Dr. George Yoo (Karmanos Cancer Center, Wayne State
University, OH) (6). The HN8 cell line was a gift from Dr. J. Silvio Gutkind (NIH,
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Bethesda, MD) (20). The normal human adult keratinocyte cell line, HAK, was obtained
from Zen-Bio, Inc. (Research Triangle Park, NC). Monolayer cultures of HN12, HN30 and
HN8 were maintained in DMEM medium (HyClone, Thermo-Scientific) adjusted to contain
10% fetal bovine serum (FBS) (PAA Laboratories GmbH, Pasching, Austria) and
supplemented with 1% (vol./vol.) penicillin-streptomycin (P/S) (Corning Cellgro, Manassas,
VA). HAK cells were maintained in Adult Keratinocyte Growth Medium (KM-2) (Zen-Bio,
Research Triangle Park, NC). Cells were grown in a humidified incubator at 37°C and with
5% CO2.

MTT Cell Viability Assay
HN12, HN8, and HN30 cells were seeded at an initial density of 5×103 cells/well and HAK
cells were seeded at an initial density of 15×103 cells/well in 96-well tissue culture plates
(Corning, Corning, NY) and allowed to settle overnight. The seeding density was selected so
that all cell lines had a similar confluence after 24 hours. Cells were subsequently treated
with 1.25–10μM BITC for 1-hour. After 1-hour plates were washed and media was replaced
with fresh DMEM. The cell viability was determined after 24- and 48-hours using thiazolyl
blue tetrazolium bromide (Sigma-Aldrich, St. Louis, MO). Cells were incubated with dye
for 2 hours, and then media was removed and replaced with DMSO. Color development in
the plates was read at 590nm using the SpectraMax M2e plate reader (Molecular Devices,
Sunnyvale, CA). The intensity of the color is correlated with the metabolic activity of living
cells.

Wound Healing Assay
Cell migration was determined using wound healing assay. HN12 cells were cultured in
DMEM (10% FBS, 1% Pen-Strep) in 6-well plates until 90% confluent, and then media was
changed to DMEM with 0.05% FBS, 1% P/S overnight to synchronize the cells. A
permanent line was drawn horizontally on the bottom of each well, and a plastic pipette tip
was used to generate 3 vertical scratches per well. Cell debris was washed away with PBS
and initial scratch sizes were determined with an inverted light microscope (Olympus IX51,
Center Valley, PA) at 100X magnification. Six measurements were made per well, 1 below
and 1 above the horizontal line for each scratch before treatment. Cells were treated with
2.5–5μM BITC for 1-hour at 37°C. DMSO, at the same concentration as in the BITC treated
wells, was used for the vehicle control. After 1-hour plates were washed with PBS and
treatment was replaced with DMEM (10% FBS, 1% P/S). Wound healing was analyzed 24
hours after treatment. Images were taken at 100X magnification, as described above, and
changes in cell migration were determined by calculating the percent of wound healing.
Percent wound healing = ([scatcht-0hr − scatcht-24hr]/scatcht-0hr)*100. Experiments were
repeated 3 times.

Invasion Assay
The effect of BITC on invasion of HN12 cells was determined using Invasion Chambers
with 8μm pores (BD Biocoat, Franklin Lakes, NJ). Polycarbonate membranes on the bottom
of the Boyden chamber inserts were rehydrated following manufacturer’s instructions and
0.5mL of HNSCC cell suspension containing 5×104 cells was added to each insert. Cells
were allowed to attach for 4 hours prior to treatment in complete DMEM media (10% FBS,
1%P/S). After attachment the appropriate wells were treated for 1-hour with BITC (2.5–
5μM) in serum free DMEM. Epidermal growth factor (EGF) was used at (10ng/1mL in
serum free DMEM (0.5% BSA, 1% P/S)) was added to the bottom well in all wells, except
for the negative control, as a chemoattractant. Media in all inserts was replaced after 1-hour
with DMEM (0.5% BSA, 1% P/S). Analysis of cell invasion was performed 24 hours after
beginning treatment. Media and cells were removed from the top of the matrigel following
manufactures’ instructions and cells were fixed with 100% methanol, washed with PBS, and
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stained with 0.1% Crystal Violet. Cells counts were performed and images taken using an
Olympus IX51 inverted light microscope (Olympus, Center Valley, PA) at 400X
magnification. Twenty fields of view were counted for each sample and averaged to
determine the mean number of cells/field of view. Experiments were repeated a minimum of
3 times.

Western Blot Analysis
HNSCC cells were treated with BITC for 24 hours. Cell pellets were lysed with RIPA buffer
(1% NP-40, 0.1% SDS, 50mM Tris-HCl pH 7.4, 150mM NaCl, 0.5% Sodium
Deoxycholate, 1mM EDTA) for analysis. Vimentin antibody (AVIVA, San Diego, CA) was
used at a 1:1000 dilution in a 5% milk/TBST buffer. Horseradish peroxidase-conjugated
goat anti-rabbit secondary antibody (Rockland, Gilbertsville, PA) was used (1:10,000). The
signal was developed with ECL Prime western blotting detection reagent (Amersham,
Piscataway, NJ). Densitometry was calculated using α-actin (SantaCruz, Santa Crutz, CA)
as a loading control for all Western blots.

Indirect Immunofluorescence
HN12 cells were seeded initially at a density of 4×104 in Nunc Lab Tek II
immunofluorescence chambers (Fisher Scientifics, Pittsburgh, PA). Cells were allowed to
attach overnight before treatment with BITC (5–10μM) for 1-hour. Treatment media was
then removed and replaced with complete DMEM (10%FBS, 1%P/S). Twenty-four hours
after treatment, cells were fixed with 4% paraformaldehyde and permeabilized in PBS
containing 1% BSA and 0.1% Triton X-100. Cells were blocked with PBS/1% BSA prior to
staining. Vimentin (AVIVA, San Diego, CA) was diluted 1:400 with PBS containing 1%
BSA and appropriate wells were incubated with primary antibody in a dark humidified
chamber for 1-hour. Cells were then washed and incubated with Alexa Fluor 488
(Invitrogen, Grand Island, NY) secondary antibody (1:200) in humid and dark conditions for
45 minutes. Slides were detached from immunofluorescence chambers and Vectashield
mounting media with DAPI (Vector Laboratories, Burlingame, CA) was added to slides
before analysis. Images taken using an Olympus IX51 inverted microscope equipped with
epifluorescence (Olympus, Center Valley, PA).

MTT Cell Viability/Chemosensitivity Assay
HN12, HN8, and HN30 cells were seeded at an initial density of 5×103 cells/well in Corning
96-well tissue culture plates (Corning, NY) and allowed to settle overnight. Cells were then
treated with 2.5–10μM BITC for 1-hour, 5–10μM of CDDP for 24 hours, or a 1-hour
pretreatment of 2.5–10μM BITC followed by a treatment of 5–10μM of CDDP for 24 hours.
Media was changed in all wells 24 hours after cisplatin treatment prior to the 48-hour
analysis. Cell viability was determined 24 or 48 hours later as described above under MTT
Cell Proliferation/Viability Assay methods. Results were performed in technical quadruplets
with three biological replicates.

Trypan Blue Dead/Live Assay
HN12, HN8, and HN30 cells were seeded at an initial density of 3×105 cells/well in Corning
6-well tissue culture plates (Corning, NY) and allowed to settle overnight. Cells were then
treated with 5–10μM BITC for 1-hour, or 10μM of CDDP for 24 hours, or a 1-hour
pretreatment with 5–10μM BITC followed by 10μM of CDDP for 24 hours. Cell counts
were performed 24 and 48 hours after initiating CDDP treatment. Cells were trypsinized and
washed in PBS prior to cell count. Cells in each treatment group were mixed 1:1 with a
trypan blue solution (0.4% trypan blue in PBS) and counted using a hemacytometer.
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Annexin-V/PI Assay
HN12 and HN30 cells were seeded at an initial density of 2×106 cells in 10cm Corning
tissue culture dish (Corning, NY) and allowed to settle overnight. Cells were treated as
described above in the Dead/Live assay methods. Treatment-induced cell death was
determined by flow cytometry using an Annexin-V assay kit (eBiosciences, San Diego, CA).
24 and 48 hours after initiating CDDP treatment cells were collected and 1×106 cells per
group were subjected to a double staining with an Annexin-V-FITC antibody and Propidium
Iodide following the manufacturer’s instructions.

Statistical Analysis
All experiments were performed at least three times as independent experiments. Statistical
analyses were done with a multiple comparison test with appropriate post-hoc test.
GraphPad Prism (La Jolla, CA) was used for all statistical analysis. A p-value of <0.05 was
considered statistically significant. The combination index of BITC and cisplatin

combination was analyzed using the following equation: 
as described in Zhao et al. (21).

In this equation CI is the combination index; CA, x and CB, x are the concentration of drugs
A and B used in a combination that generates x% of the maximal combination effect; ICx is
the drug concentration needed to produce x% of the maximal effect. A CI of less than, equal
to, and more than 1 indicates synergy, additivity, and antagonism, respectively.

RESULTS
BITC Decreased the Cell Viability of Three HNSCC Cell Lines

MTT assay results indicate that a 1-hour treatment of 10μM BITC significantly decreased
the cell viability (p≤0.05) of the HN12, HN8 and HN30 cell lines after 24 and 48 hours (Fig.
1A and B). However, a 1-hour treatment of 2.5–5μM BITC did not significantly affect the
cell viability of these HNSCC cell lines after 24 hours, and at 48 hours a significant decrease
in cell viability was only observed in the HN30 cell line after a 5μM BITC treatment (Fig.
1A and B). Treatment of the normal keratinocyte cell line (HAK) with 2.5–10μM BITC did
not decrease viability (Fig. 1A and B). Thus BITC has selective toxicity for HNSCC cancer
cells. A 1-hour treatment was selected for future experiments because the cell viability of
HNSCC cells was not significantly different whether treated with 2.5–10μM BITC for 1, 16,
or 24 hours (data not shown).

BITC Inhibited Migration and Invasion of HNSCC Cells
A wound-healing assay indicated that BITC inhibits migration of the highly metastatic
HN12 cells in a dose dependent manner. After 24 hours, inhibition of cellular migration was
seen in the highly metastatic HN12 cell line when using a 2.5μM BITC treatment, however a
significant decrease in wound healing required 5μM BITC (p≤0.05) (Fig. 2A and B). Similar
results were observed when using the HN8 cell line, but the HN30 cell line (data not
shown). Although, it should be noted that the HN30 cell line did not undergo “wound-
healing” under control conditions.

The ability of BITC to inhibit the migration of HN12 cells prompted us to investigate the
effect of BITC on invasion through Matrigel. Figures 3 (panels A and B) depict that 1-hour
treatment of BITC significantly inhibited the invasion of HN12 cells (p≤0.05). Compared to
the vehicle control the number of invading cells per field of view decreased by 52.34% after
2.5μM and 90.96% after a 5μM BITC treatment (p≤0.05). Viability assays confirmed that
the addition of the chemo-attractant, EGF, to the cells did not change the viability and
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proliferation of HNSCC cells after BITC treatment (data not shown). These results
substantiate the wound-healing assay data and indicate that BITC targets both migration and
invasion of certain HNSCC cell lines.

Vimentin Expression Decreased after BITC Treatment
Vimentin is an intermediate filament protein associated with EMT and HNSCC cell invasion
(22, 23). We determined BITC treatment alters vimentin expression or localization. We
observed that vimentin expression was inhibited 24 hours after a 1-hour BITC treatment
(2.5–10μM), in a dose dependent manner (Fig. 4A). The localization of vimentin also
appeared altered after BITC treatment. In the vehicle control vimentin was evenly dispersed,
and was also observed in cellular projections. However, after BITC treatment these
projections disappeared, and vimentin was observed as aggregates inside the cells. Our
immunofluorescence results are supported by Western blot analysis showing a significant
decrease in vimentin expression was occurred after a 24 hour BITC treatment of 5 and
10μM (p≤0.05) (Fig. 4B and C). Although the treatment conditions changed for the Western
blot analysis, cellular viability of HNSCC cells did not change whether treated with BITC
for 1, 16, or 24 hours (data not shown).

Pretreatment with BITC Followed by Cisplatin Decreased HNSCC Cell Viability and
Enhanced Cell Death

One of the major obstacles in the therapeutic use of platinum analogues is intrinsic or
acquired resistance (24–27). The high cisplatin resistance observed in our HNSCC cell lines
prompted us to investigate whether BITC treatment of HNSCC cells enhances their response
to CDDP.

A 1-hour pretreatment of BITC enhanced the effect of CDDP after 24 and 48 hours,
compared to either BITC or CDDP treatment alone (p≤0.05) (Fig. 5A–C). The strongest
decrease in cell viability was observed at 48 hours when the HNSSC cells were pretreated
with 10μM BITC followed by 10μM CDDP treatment (Combination index CI= 0.52 to 0.93)
(p≤0.0001) (Fig. 5A–C). Combination of 10μM BITC and 10μM cisplatin showed a
synergistic effect in HN8 cells at 48 hours (CI= 0.73), but only additive effect at 24 hours
(CI= 1.09). A synergistic effect was also observed at 24 and 48 hours in HN30 (24 hours
CI= 0.79; 48 hours CI= 0.52) and HN12 cells (24 hours CI= 0.86; 48 hours CI= 0.93)
following a combination treatment of 10μM BITC and 10μM cisplatin (Fig. 5).

The MTT assay assesses changes in cell viability, however the MTT assay does not
differentiate between growth inhibition and/or cell death. Therefore, we used a trypan blue
dead/live assay and an Annexin-V assay (apoptosis) to determine if BITC pretreatment
increased cell death. The trypan blue dead/live assay (Fig. 6A, B, D, E, G, and H) indicated
that cell death was significantly enhanced by BITC pretreatment followed by CDPP in all
three HNSCC cells (HN8, HN12, and HN30), compared to treatment with either compound
alone. However, the most dramatic increase in cell death was observed when HN30 cells
were pretreated for 1-hour with 10μM BITC followed by a 24-hour 10μM CDDP treatment
(Fig. 6D, synergistic effect CI= 0.9; p≤0.0001). These results were verified by numerical
cell counts at the 24 and 48 hour time points of the different treatment groups (Fig. 6C, F,
and I). An Annexin-V assay showed a significant increase in early and late apoptosis after a
pretreatment of 10μM BITC followed by 10μM CDPP in both the HN30 and HN12 cell
lines after 24 hours (p≤0.001) (Fig. 7 A and B). Additionally, the total percent of dead cells
(early, late apoptosis, and necrosis) increased significantly when cells were pretreated for 1-
hour with 10μM BITC followed by a 24-hour 10μM CDDP treatment (p≤0.0001). Together
the results of the MTT assay, dead/live assay, cell counts, and Annexin-V assay show that
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pretreatment of HNSCC cells with BITC followed by CDDP significantly increased HNSCC
cell death relative to either agent used as a single therapeutic.

DISCUSSION
The treatment for HNSCC often involves a disfiguring surgical operation and either prior or
subsequent chemotherapy and/or radiation therapy (1, 28). These combined treatment
modalities are often associated with side effects that reduce the patient’s quality of life.
HNSCC metastasis and chemoresistance are two of the leading reasons for this multimodal
treatment approach. The inability to effectively target these events, whether separately or
together, leads to a poor prognosis. Consequently, those who suffer from aggressive HNSCC
face a debilitating disease, and need improved therapeutic options.

ITCs are natural compounds exhibiting potent anti-tumor effects in both cell culture and
animal models (18, 29–31). In humans, ITCs are safe at clinically relevant concentrations
and have high oral bioavailability, making them promising adjuvant therapy tools for the
treatment of cancer (11, 29, 32). Here, we show that BITC inhibits HNSCC cell migration
and invasion, as well as sensitizes HNSCC cells to the chemotherapeutic drug cisplatin at
clinically relevant concentrations (19, 30). Additionally, BITC decreased the expression of
vimentin, a marker associated with EMT, in the HN12 cell line.

Tumors are not homogenous and may have different aberrant pathways that contribute to
maintenance of cancer phenotype.. The type of mutations present in different cancer cell
could play a significant role on the different pathways and molecular targets of BITC. Since
BITC’s targets appear to be multifactorial we decided to focus primarily on the end points of
cell death, proliferation, migration and invasion. Collectively our results illustrate that the
effects of BITC, in regards to migration/invasion and chemoenhancement (greater anti-
neoplastic effect than the sum of BITC or CDDP treatment alone) are not cell line specific.
Importantly, BITC selectively targeted the viability of HNSCC cells, but not normal
keratinocytes (Fig. 1).

Vimentin expression in epithelial cells is a marker for epithelial-mesenchymal transition
(EMT). Vimentin’s overexpression in HNSCC correlates well with accelerated tumor
growth, invasion, and poor prognosis (33). Therefore, vimentin serves as an attractive
potential target for HNSCC therapy. Many EMT markers are correlated with poor HNSCC
prognosis, but few therapies have been shown to actually regulate the expression of these
markers. Additionally, EMT, directly or indirectly links HNSCC metastasis and
chemoresistance. Our findings that BITC treatment decreases vimentin expression in
HNSCC cells suggest these cells are less likely to undergo EMT following BITC exposure
indicating a unique property of this phytochemical that could be exploited for therapy..

Despite significant improvements in treatment modalities, long-term survival rates in
patients with advanced-stage HNSCC have not increased significantly in the past 30 years.
Radiation and chemotherapy are nonselective and can cause damage to normal tissue.
Cisplatin is one example of a non-selective drug commonly used to treat HNSCC. This drug
is associated with many detrimental side-effects. Additionally, intrinsic or acquired
resistance to platinum analogues is a major obstacle in HNSCC therapy. The results of our
MTT assay, dead/live assay, cell counts, and Annexin-V assay support the use of BITC to
either counteract cisplatin resistance or enhance its activity (Fig. 5 and Fig. 6). The
concentrations selected for these studies mimic the peak plasma concentration of cisplatin
(34, 35).

In conclusion, our results show that BITC targets cell viability and reduces the amount of
migration and invasion of HNSCC cells, but not of normal keratinocytes. The inhibition of
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migration and invasion we observed may be due to the ability of BITC to target key players
involved in EMT, such as vimentin. Additionally, pretreatment with BITC chemosensitized
the HNSCC cells to cisplatin by decreasing cell viability and increasing cell death
suggesting that BITC could be a novel adjuvant therapy for patients with aggressive
HNSCC. These initial findings warrant future in vivo animal studies to ensure that BITC can
reach tumor cells in adequate concentrations to induce xenograft or organotypic human
HNSCC tumors to undergo the changes in viability and drug sensitivity that we have
documented in cell culture.
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Abbreviations

BITC benzyl isothiocyanate

CDDP cisplatin

DMSO dimethyl sulfoxide

EGF epidermal growth factor

EMT epithelial mesenchymal transition

HNSCC head and neck squamous cell carcinoma

ITC isothiocyanate

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
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FIG. 1.
HNSCC percent viability measured by MTT assay following exposure to BITC treatments
compared to negative controls. (A) Percent viability of HAK, HN12, HN30 and HN8 cells at
24 hours. (B) Percent viability of HAK, HN12, HN30 and HN8 cells at 48 hours. (*)
indicates significant difference from respective cell line vehicle control. Error bars represent
standard deviation. One-way ANOVA for multiple comparisons with Dunnet’s Post-Hoc
test (*p≤0.05).
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FIG. 2.
BITC inhibited wound-healing of HN12 cells after 24 hours. (A) Inverted light microscope
pictures of HN12 cells before and after BITC treatment (2.5–5μM). Dashed lines represent
scratch size before treatment. Vehicle control was DMSO. Magnification 100X. (B) Bar
diagram represents the percent wound healing determined after 24 hours using wound size
measurements. Error bars represent standard deviation. One-way ANOVA for multiple
comparisons with Dunnet’s Post-Hoc test (*p≤0.05).
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FIG. 3.
Invasion assay of HN12 cells following BITC treatment at 24 hours. (A) Bar diagram
represents the average number of invading cells/field of view counted at 24 hours following
a 1-hour treatment of HN12 cells with BITC. EGF was used as chemoattractant. Error bars
represent standard deviation. One-way ANOVA for multiple comparisons with Dunnet’s
Post-Hoc test (*p≤0.05). (B) Inverted light microscope pictures of HN12 cells stained with
crystal violet following BITC treatment. NEG: negative control. VEH: vehicle control.
Magnification x200.
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FIG. 4.
Vimentin expression in HN12 cells following one-hour treatment with a range of
concentrations of BITC. (A) Representative immunofluorescence images of a vimentin
immunostaining acquired with an inverted epifluorescence microscope before and after 1-
hour treatment of HN12 cells with a range of concentrations of BITC (5–10μM). Anti-
vimentin (1:400); AbII anti-rabbit Alexa Fluor 488 (1:200); DAPI to counterstain the nuclei.
Magnification 400X. Bar size is 10μm. (B) Western blot analysis of vimentin expression in
HN12 cells after 1-hour treatment with a range of concentrations of BITC (1.25–10μM).
Actin was used to normalize the blot. (C) Densitometric analysis of vimentin and actin
protein expression. Diagram represents the fold change of vimentin after 24 hours
normalized to actin control. One-way ANOVA for multiple comparisons with Dunnett’s
Post-Hoc test (*p≤0.05).
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FIG. 5.
MTT viability assay of HNSCC cells following treatment with BITC, CDDP, or a
combination of BITC followed by CDDP compared to controls.
(A) Diagram represents the percent of HN12 viable cells after 24 and 48 hours following
BITC, CDDP, or a pretreatment of BITC followed by a CDDP treatment (24 hours CI=
0.86; 48 hours CI= 0.93).
(B) Diagram represents the percent of HN30 viable cells after 24 and 48 hours following
BITC, CDDP, or a pretreatment of BITC followed by a CDDP treatment (24 hours CI=
0.79; 48 hours CI= 0.52).
(C) Diagram represents the percent of HN8 viable cells after 24 and 48 hours following
BITC, CDDP, or a pretreatment of BITC followed by a CDDP treatment (24 hours CI=
1.09; 48 hours CI= 0.73).
Dark grey bars indicate cell viability at 24 hours; light grey bars indicate cell viability at 48
hours. Error bars represent standard deviation. One-way ANOVA for multiple comparisons
with Dunnet’s Post-Hoc test (*p ≤ 0.05; **p ≤ 0.001; ***p≤0.0001).
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FIG. 6.
Dead/Live cell viability assay and cell counts of HNSCC cells following treatment with
BITC, CDDP, or a combination of BITC followed by CDDP. (A–B) Diagrams represents
the percent of HN12 live cells after 24 (A) and 48 (B) hours following BITC, CDDP, or a
pretreatment of BITC followed by a CDDP treatment. (C) Diagram shows the total cell
number of HN12 cells after 24 and 48 hours following BITC, CDDP, or a pretreatment of
BITC followed by a CDDP treatment. (D–E) Diagrams represents the percent of HN30 live
cells after 24 (D) and 48 (E) hours following BITC, CDDP, or pretreatment of BITC
followed by a CDDP treatment. (F) Diagram shows the total cell number of HN30 cells after
24 and 48 hours following BITC, CDDP, or a pretreatment of BITC followed by a CDDP
treatment. (G–H) Diagrams represents the percent of HN8 live cells after 24 (G) and 48 (H)
hours following BITC, CDDP, or a pretreatment of BITC followed by a CDDP treatment. (I)
Diagram shows the total cell number of HN8 cells after 24 and 48 hours following BITC,
CDDP, or a pretreatment of BITC followed by a CDDP treatment. Error bars represent
standard error. One-way ANOVA for multiple comparisons with Dunnet’s Post-Hoc test
(*p≤0.05; **p≤0.001; ***p≤0.0001).
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FIG. 7.
Annexin-V assay of HN12 and HN30 cells following treatment with BITC, CDDP, or a
combination of BITC followed by CDDP. (A) Diagram represents the percent of HN12 dead
cells after 24 hours following BITC, CDDP, or a pretreatment of BITC followed by a CDDP
treatment. (B) Diagram represents the percent of HN30 dead cells after 24 hours following
BITC, CDDP, or a pretreatment of BITC followed by a CDDP treatment. Black bars
represent necrosis, white bars early apoptosis, grey bars late apoptosis. Error bars represent
standard error. One-way ANOVA for multiple comparisons with Dunnet’s Post-Hoc test
(*p≤0.05; **p≤0.001; ***p≤0.0001).
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