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Abstract 
Head and Neck Squamous Cell Carcinomas (HNSCCs) have high mortality due to late 
stage diagnosis, high metastasis rates, and poor treatment options. Current therapies are 
invasive and aggressive, leading to a severe decline in patient quality of life (QoL). It is 
vital to create new therapies that are both potent and localized and/or targeted to prolong 
survival while maintaining QoL. Lidocaine is a local anesthetic used in HNSCC surgery 
settings. Lidocaine also activates bitter taste (taste family 2) receptor 14 (T2R14). T2Rs 
are G-protein coupled receptors (GPCRs) that increase intracellular Ca2+ when activated. 
T2Rs are expressed in mucosal epithelia, including internal regions of the head and neck, 
and are accessible drug targets. Here, we show that lidocaine increases intracellular Ca2+ 
and decreases cAMP in several HNSCC cell lines. Ca2+ release from the ER results in 
Ca2+ uptake into the mitochondria. Ca2+ mobilization is blocked with GPCR inhibitors and 
T2R14 antagonist, 6-methoxyflavanone. Lidocaine activation of T2R14 depolarizes the 
mitochondrial membrane, inhibits cell proliferation, and induces apoptosis. Lidocaine 
activates caspase-3 and -7 cleavage and also increases total caspase protein levels 
despite no changes in mRNA production. Both total and cleaved caspase products were 
upregulated even in the presence of cycloheximide, an inhibitor of protein synthesis. This 
suggests inhibition of the ubiquitin-proteasome system. It is vital to understand Lidocaine-
induced apoptosis in HSNCCs to utilize its chemotherapeutic effects as a treatment 
option. In addition, future studies on T2R14 expression in HNSCC patients could provide 
insight for implementing lidocaine as a targeted topical therapy.  
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Introduction 
Head and Neck Squamous Cell Carcinomas (HNSCCs) arise in the oral and nasal 

cavities, larynx, and pharynx, typically as a result of exposures to environmental 
carcinogens and/or human papilloma virus [5-8]. HNSCCs account for 600,000 cancer 
diagnoses per year, with a 5-year mortality rate of ~50% [9-11]. This due to frequrent late-
stage diagnoses and/or lack of preventive screening. They also have high rates of 
metastasis [12-14]. Surgical resection is a first line treatment but is aggressive and 
invasive, leaving with patients with a severe decrease in quality of life (QoL) [7]. These 
patients can lose the ability to orally communicate or ingest food, have altered taste 
perception, be prone to asphyxiation, have exterior malformations, and more [15, 16]. In 
addition to the lasting effects of surgery, HNSCC patients also experience the generalized 
side effects of combined radiation and/or chemotherapy [17]. The only FDA-approved 
targeted therapy for HNSCCs is epidermal growth factor receptor (EGFR) inhibitor 
cetuximab. However, cetuximab still does not differentiate between normal and 
cancerous tissue [18]. It is vital to develop novel targeted therapies to maintain QoL while 
undergoing treatment and to prolog survival for HNSCC patients.  

A majority of HNSCC cases are localized to the oral cavity [19]. A main function of 
this region is human taste perception. Humans can perceive five main “flavors”: sour, 
salty, sweet, umami, and bitter [20]. Sour and salty flavors are perceived through the 
activation of ion channels, whereas sweet, umami, and bitter flavors are perceived 
through the activation of GPCRs [21-25]. This stimulates the production of secondary 
messengers to release neurotransmitters from taste bud cells to nearby gustatory nerves 
[26, 27]. GPCR taste receptors are classified into two groups: taste family 1(T1Rs; sweet 
and umami) and taste family 2 (T2Rs; bitter) [28]. While there are only 3 isoforms of T1Rs, 
there are 25 T2R isoforms in humans [29], which function to protect against ingestion of 
bitter tasting toxins [30]. The canonical T2R signaling pathway is an intracellular calcium 
(Ca2+) increase and cyclic adenosine monophosphate (cAMP) decrease [31]. The Ca2+ 
response is through activation of PLCb2 via Gbg subunits of the G-protein heterotrimer 
[32-34], which produces  inositol triphosphate (IP3) and stimulates the release of Ca2+ 
from the endoplasmic reticulum (ER) [35, 36].  

GPCRs are leveraged as therapeutic targets in diseases due to their multifaceted 
roles in cellular functions [37]. As GCPRs, T2Rs are also being investigated for many 
diseases as they are expressed outside the oral cavity (extraoral) and have been 
associated with susceptibility to non-taste related diseases [38-40]. Beyond taste, T2Rs 
play roles in innate immunity, thyroid function, cardiac physiology, and more [41-45].  

Extraoral T2R isoforms T2R4 and T2R14 are being investigated in cancer [46]. In 
models of breast, ovarian and pancreatic cancers, T2R4 and T2R14 agonists killed 
cancers cells, and in some cases, left normal surrounding tissue unharmed [47, 48]. We 
hypothesized that T2R4 and/or T2R14 agonists may have similar effects in HNSCCs. We 
previously showed that bitter agonists cause an increase in nuclear and mitochondrial 
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Ca2+ that leads to apoptosis in squamous de-diffferentiated non-ciliated airway epithelial 
cells [33] and  HNSCC cells [1]. While we found that Ca2+ is required for this apoptosis, 
the underlying mechanisms of this T2R-induced endpoint are largely unknown despite 
other studies also linking T2Rs to apoptosis. Nonetheless, because many clinical drugs 
are bitter, we hypothesized that T2Rs in cancer cells might be targeted by already-
approved bitter drugs.    

Lidocaine is a commonly used as a local anesthetic in HNSCC surgery settings 
[49], blocking sodium (Na+) channels to inhibit pain signals from sensory neurons [50]. 
Lidocaine may also have chemotherapeutic effects and lower rates of metastasis [51-56]. 
Interestingly, lidocaine is known to be bitter and may interact with heterologously-
expressed T2R14 [57]. It also shares structural similarities with multi-T2R agonist 
denatonium benzoate. From this, we hypothesized that lidocaine might kill HSNCC cells 
through activation of T2R14. 

 Here, we show that lidocaine induces Ca2+ responses in HNSCC cells, and that 
this response is blocked by a T2R14 antagonist. Moreover, lidocaine decreases HNSCC 
cell viability, depolarizes the mitochondrial membrane potential, and induces apoptosis. 
Apoptosis is blocked by T2R14 antagonism. Interestingly, we also observe that bitter 
agonists lidocaine and denatonium benzoate can inhibit the proteasome, revealing 
another possible mechanism of T2R agonist-evoked apoptosis. Taken together, our data 
identify a mechanism of action of the apoptotic effects of lidocaine observed in several 
types of cancer cells and suggest that lidocaine may be useful to repurpose as a 
chemotherapeutic for HNSCCs. 
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Methods 
 
Cell Culture 

SCC4 (ATCC CRL-1624), SCC47 (UM-SCC-47; Millipore SCC071), SCC90 
(ATCC CRL-3239), FaDu (ATCC HTB-43), RPMI 2650 (CCL-30), and HEK 293T (ATCC 
CRL-3216) cell lines were from ATCC (Manassas, VA, USA) or MilliporeSigma (St. Louis, 
MO USA). All cell lines were grown in submersion in high glucose Dulbecco’s modified 
Eagle’s medium (Corning; Glendale, AZ, USA) with 10% FBS (Genesee Scientific; El 
Cajon, CA, USA), penicillin/streptomycin mix (Gibco; Gaithersburg, MD, USA), and 
nonessential amino acids (Gibco). Stable SCC90 T2R4 siRNA knockdown cells were 
generated previously [1].  Unless indicated below, all reagents were from MilliporeSigma.  
 
Quantitative reverse transcription PCR (qPCR)  

Cell cultures were resuspended in TRIzol (Thermo Fisher Scientific; Waltham, MA, 
USA). RNA was isolated and purified (Direct-zol RNA kit; Zymo Research), reverse 
transcribed via High-Capacity cDNA Reverse Transcription Kit (Thermo Fisher Scientific), 
and quantified using TaqMan qPCR probes for TAS2R4, CASP3, CASP7, and UBC 
(QuantStudio 5; Thermo Fisher Scientific). UBC was used as an endogenous control due 
to its stability in expression in cancer cells [2].  
 
Live Cell Imaging  

For calcium (Ca2+) imaging, cells were loaded with 5 µM of Fluo-4-AM (Thermo 
Fisher Scientific) for 50 min at room temperature in the dark. Hank’s Balanced Salt 
Solution (HBSS) buffered with 20 mM HEPES (pH 7.4) was used as an imaging buffer, 
containing 1.8 mM Ca2+. Cells were imaged using a Nikon Eclipse TS100 (20x 0.75 NA 
PlanApo objective), FITC filters (Chroma Technologies), QImaging Retiga R1 camera 
(Teledyne; Tucson, AZ, USA), MicroManager, and Xcite 120 LED Boost (Excelitas 
Technologies; Mississauga, Canada). For experiments in Ca2+-free (0-Ca2+) HBSS, cells 
were loaded with Fluo-4-AM as described above in normal Ca2+-containing HBSS. Bitter 
agonists were dissolved in HBSS with no added Ca2+ plus 10 mM EGTA (0-Ca2+ HBSS) 
and was used in the place of regular HBSS (no EGTA). At the start of the experiment, 
300 uL of bitter agonist in 0-Ca2+ HBSS was added to 60 uL of Ca2+-containing HBSS 
for final concentrations of ~8.3 mM EGTA and 0.3 mM Ca2+ with a predicted free 
extracellular Ca2+ of 2.1x10-9 mM (MaxChelator, Chris Patton, Stanford University, 
https://somapp.ucdmc.ucdavis.edu/pharmacology/bers/maxchelator/). This method 
resulted in an acute removal of extracellular free Ca2+ at the exact time of agonist addition. 

For mitochondrial and endoplasmic reticulum Ca2+ imaging, pcDNA-4mt3cpv or 
pcDNA-D1ER was transfected into cells using lipofectamine 3000 reagents (Thermo 
Fisher Scientific) 24-48 hours prior to imaging [3]. Live cell images were taken on 
Olympus IX-83 microscope (20x 0.75 NA PlanApo objective), CFP/YFP filters (Chroma 
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89002-ET-ECFP/ EYFP) in excitation and emission filter wheels (Sutter Lambda LS), 
Orca Flash 4.0 sCMOS camera (Hamamatsu, Tokyo, Japan), Meta-Fluor (Molecular 
Devices, Sunnyvale, CA USA), and XCite 120 LED Boost (Excelitas Technologies).  
For cyclic adenosine monophosphate (cAMP) imaging, pcDNA3.1(-)Flamindo2 was 
transfected into cells as described above 48 hours prior to imaging [4]. Cells were imaged 
as described above for mitochondrial and endoplasmic reticulum Ca2+ using FITC filters.  
For diacylglycerol (DAG) imaging, RED Upward DAG Assay Kit (Montana Molecular; 
Bozeman, Montana, USA) was transduced into cells using 2x the recommended 
reagents. Cells were used 24 hours-post transduction and imaged as described above 
for mitochondrial and endoplasmic reticulum using TRITC filters.  
 
Cell Viability and Proliferation 

Cells were incubated with bitter agonists for 6 or 24 hours at 37 °C. Crystal violet 
(0.1% in deionized water with 10% acetic acid) was used to stain remaining adherent 
cells. Stains were washed with deionized water and left to dry at room temperature. 
Stains were dissolved with 30% acetic acid in deionized water. Absorbance values at 
590 nm were measured. XTT dye and phenazine methosulfate were added to cells in 
combination with bitter agonists. Measurements were taken at 475 and 660 nm over 6 
hours. Absorbance values were measured on a Tecan (Spark 10M; Mannedorf, 
Switzerland). Lidocaine was dissolved in Matrigel (Corning) on ice. Thin formulation was 
made by combining 75 µL Matrigel and 75 µL of 20 mM lidocaine. Thick formulation was 
made by combining 150 µL Matrigel and 150 µL of 20 mM lidocaine. The lidocaine 
Matrigel was added on top of cells in 8-well glass chamber slides (~0.86 cm2 surface 
area per well). After 24 hours, live cell images were taken on Olympus IX-83 
microscope (20x 0.75 NA PlanApo objective), Orca Flash 4.0 sCMOS camera 
(Hamamatsu, Tokyo, Japan), Meta-Fluor (Molecular Devices, Sunnyvale, CA USA), and 
Differential Interference Contrast (DIC) filter. 
 
Mitochondrial membrane potential and apoptosis measurements 

Cells were loaded with JC-1 dye for 15 minutes. Bitter agonists were added as 
indicated. Fluorescence was measured at 488nm excitation and 535 (green) and 590 
(red) nm emission. Live cell images of the assay were taken on Olympus IX-83 
microscope (20x 0.75 NA PlanApo objective), FITC and TRITC filters (Chroma 
Technologies), Orca Flash 4.0 sCMOS camera (Hamamatsu, Tokyo, Japan), Meta-Fluor 
(Molecular Devices, Sunnyvale, CA USA), and XCite 120 LED Boost (Excelitas 
Technologies). Quantitative fluorescence values were measured on a Tecan Spark 10M.  
CellEvent Caspase 3/7 dye was added to cells in combination with bitter agonists. 
Fluorescence was measured at 495 nm excitation and 540 nm emission. Live cell images 
were taken as described above for JC-1 assays (only FITC filter). Quantitative 
fluorescence values were measured on a Tecan Spark 10M. 
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Western Blotting  

Protein was harvested using lysis buffer (10 mM Tris pH 7.5, 150 mM NaCl, 10 
mM KCl, 0.5% deoxycholic, 0.5% Tween, 0.5% IGePawl, 0.1% SDS). Protein content 
was quantified using DC Protein Assay (BioRad; Hercules, CA, USA). 50 – 80 µg of 
protein were loaded into gel (Bis-Tris 4-12%, 1.5 mm) with 4x loading buffer ( 200 mM 
Tris pH 6.8, 40% glycerol, 8% SDS, 0.1% Bromophenol Blue), and 5% b-
mercaptoethanol. Gel was run using MES running buffer (Tris Base 50 mM pH 7.3, MES 
50 mM, SDS 0.1%, EDTA 1 mM). Novex Sharp Pre-Stained Protein Standard or SeeBlue 
Plus2 Pre-stained Protein Standard (Thermo Fisher) were used as molecular markers. 
Gel was transferred using Bis-Tris transfer buffer (25 mM bicine, 25 mM bis-tris, 1 mM 
EDTA, 10% methanol). Blots were blocked for 1 hour in TBST (24.8 mM tris acid & base, 
1.5 NaCl, 0.5% Tween-20) with 5% milk. Primary antibodies were used 1:1000 in TBST 
with 5% BSA. Antibodies included caspase-3 (Cell Signaling #9662), caspase-7 (Cell 
Signaling #9492), cyclin D1 (Cell Signaling #2978), and b-Actin (Cell Signaling #3700). 
HRP-conjugated chemiluminescent secondary antibodies were used 1:1000 in TBST with 
5% milk (Cell Signaling anti-Rabbit or anti-Mouse Goat Horse Radish Peroxidase). Blots 
were imaged using Clarity Max Western ECL Substrate (BioRad) using ChemDoc MP 
Imaging System (BioRad).  
 
Statistical Analysis 

Data were analyzed using t-test (two comparisons only) or one-way ANOVA (>2 
comparisons) in GraphPad Prism (San Diego, CA, USA). Both paired and unpaired t-test 
were used when appropriate. Bonferroni and Dunnett’s posttest for one-way ANOVA were 
used when necessary. All figures used the following annotations: P < 0.05 (*), P < 0.01 
(**), P < 0.001 (***), and no statistical significance (ns). All data points represent the mean 
+/-  SEM. 
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Results  
 
Lidocaine stimulation causes an intracellular Ca2+ response  
 T2R14 is one of the T2R isoforms most strongly expressed in extraoral tissues 
[58]. To understand if lidocaine can activate T2R14 in HNSCC cells, Ca2+ responses were 
recorded in living cells loaded with Fluo-4 AM in response to bitter agonists [59] (peak 
responses shown in Fig 1A-C). Lidocaine induced the highest Ca2+ response among all 
compounds screened (at their maximum concentrations in aqueous solution), including 
denatonium benzoate (non-T2R14 agonist whose Ca2+ response is dependent on T2R4 
in these cells [1]), thujone (T2R14 agonist), flufenamic acid (T2R14 agonist), and ATP 
(purinergic receptor agonist) [57, 60, 61] (Fig 1A-C). Dose dependent Ca2+ responses 
were recorded with lidocaine ranging from 100 µM to 10 mM, with 10 mM evoking the 
highest response [62, 63] (Fig 1D & E; Supplemental Fig 1A-C). At both 5 and 10 mM, 
lidocaine induced higher Ca2+ responses than denatonium benzoate (Fig 1D-G). 
Denatonium benzoate is a non-T2R14 agonist that induces apoptosis in HNSCC cells 
and is categorized as the most bitter compound in the world because it activates eight 
T2R isoforms [64, 65]. In addition, 10 mM lidocaine caused a sustained heightened Ca2+  
level post-stimulation (Fig 1E).  Lidocaine also induced a higher Ca2+ response than a 
closely related local anesthetic, procaine [66], at equivalent concentrations 
(Supplemental Fig 1D). Procaine is not known to activate T2R14. Thus, we hypothesized 
that the Ca2+ response is not due to Na+ channel inhibition but another mechanism, 
possibly from intracellular sources.  

Lidocaine exhausted secondary Ca2+ responses with ATP, used as a control due 
to its ability to activate intracellular Ca2+ responses via purinergic receptors [61]. ATP was 
used following lidocaine (1 – 10 mM) stimulation in SCC 4 and SCC 47 cells as Ca2+ 
levels returned to baseline. As lidocaine concentration increased, the post-ATP Ca2+ 
response decreased, suggesting immense depletion of Ca2+ stores by lidocaine (Fig 2A-
D). Taken together, the Ca2+ responses observed in HNSCC cells with lidocaine indicates 
possible activation of a GPCR, perhaps T2R14.  

We further tested if the Ca2+ response was from mobilization of intracellular Ca2+ 
stores or extracellular Ca2+ influx from outside of the plasma membrane, GPCRs, 
including T2Rs, induce intracellular Ca2+ responses, primarily from the ER [67-70].  

To elucidate whether the initial Ca2+ responses with lidocaine stimulation were 
from intracellular or extracellular sources, we recorded Fluo-4 responses in HBSS, with 
or without Ca2+ (via EGTA chelation of the Ca2+). Cells stimulated with lidocaine in HBSS 
without Ca2+ had a similar Ca2+ peak but faster rate of returning to baseline fluorescence 
compared with cells stimulated in HBSS with Ca2+ (Fig. 3A). This shows that the initial 
Ca2+ response observed with lidocaine comes from an intracellular source as there was 
no significant differences between the peak Ca2+ with or without extracellular Ca2+ (Fig. 
3B). However, the sustained response likely involves restorative Ca2+ influx, possibly via 
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STIM1/Orai [71, 72]. As a control, cells were also incubated to kb-r7943, a plasma 
membrane Na+/Ca2+ exchanger inhibitor [73]. There were no significant changes in 
lidocaine-induced Ca2+ responses (Supplemental Fig 2A).  

GPCR activation and elevation of intracellular Ca2+ can also cause influx of Ca2+ 
into the mitochondria [74, 75]. We used a mitochondrial-specific fluorescent Ca2+ 
biosensor, pcDNA-4mt3cpv, to measure mitochondrial Ca2+ influx [3] (Fig 3E). Upon 
stimulation, a significant influx of Ca2+ into the mitochondria was observed with lidocaine 
and ATP (Fig 3C & D). The influx with lidocaine stimulation was significantly greater than 
both equivalent and greater concentrations of denatonium benzoate (10 and 15mM). In 
addition, an ER-specific fluorescent Ca2+ biosensor, pcDNA-D1ER, was used to measure 
ER Ca2+ efflux [3] (Fig 3H). Lidocaine stimulation caused a significant decrease in ER 
Ca2+ compared to equivalent or greater concentrations of denatonium benzoate (10 and 
15 mM) (Fig 3F & G). The timing of the Ca2+ response with lidocaine in HBSS without 
Ca2+ coincided with that of the mobilization events of the mitochondria and the ER, 
suggesting that the influxes/effluxes were a product of the initial intracellular response 
(Fig 3A, 3D & 3G).  
 
Lidocaine activates T2R14 

Following GPCR activation, GTP-bound guanine nucleotide-binding proteins (G 
proteins) disassociate from their receptors and carry out the effector actions [76, 77]. As 
GPCRs, T2Rs can couple to Gagustducin or Gai, Gb1/3 and Gg [24, 35, 78]. To test if lidocaine 
is activating a GPCR, cells were incubated with suramin, a pan-inhibitor of G protein 
association to their receptors. Fluo-4 Ca2+ responses were recorded with lidocaine 
stimulation with or without suramin [79]. Inhibition of G proteins with suramin significantly 
dampened Ca2+ responses with lidocaine (Fig 4A). Cells were also incubated with 
pertussis toxin, an inhibitor of Gai/o subunits [80]. Upon stimulation with lidocaine, cells 
with pertussis toxin incubation had significantly dampened Ca2+ responses (Fig 4B). This 
is suggestive of the effects of G proteins and, therefore, GPCRs activated by lidocaine 
being responsible for primary Ca2+ responses in HNSCC cells. Interestingly, cells 
incubated with pertussis toxin and stimulated with denatonium benzoate had no 
significant differences in Ca2+ responses (Supplemental Fig 2B). Cells were also 
incubated with YM 254890, a Gaq/11 selective inhibitor [81]. While YM 25480 significantly 
decreased Ca2+ responses with T2R4 agonist denatonium benzoate, it did not affect 
responses with lidocaine (Supplemental Fig 2C). siRNA targeting T2R4 significantly 
downregulated Ca2+ responses with denatonium benzoate, while leaving responses with 
lidocaine unchanged (Supplemental Fig 2D-E). These data support previous studies that 
denatonium benzoate interacts with separate T2R isoforms than lidocaine [57].  
 GPCR activation of phospholipase C also produces diacylglycerol (DAG) [82]. To 
understand if lidocaine affected DAG production, an RFP DAG sensing baculovirus was 
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transduced into cells. Lidocaine stimulation significantly increased DAG production 
compared to HBSS alone (Fig 4C).  

In addition, Gai-coupling would be expected to be accompanied by a decrease in 
cAMP, which was measured using a fluorescent cytosolic cAMP biosensor, Flamindo2 
[4]. Lidocaine significantly decreased cAMP when compared to HBSS alone (Fig 4D). 
Isoproterenol, a b-adrenergic agonist, was used a positive control to increase cAMP. 
When taking timing of these events/productions into account, the observed PTX-senstive 
intracellular Ca2+ responses coincide with both increases in DAG and decreases in cAMP, 
suggesting lidocaine activates a Gai-coupled GPCR.  

To understand if lidocaine interacts with T2R14 specifically, cells were incubated 
with 100 µM 6-methoxyflavonone (6-MF), a T2R14 antagonist [83]. Incubation with 6-MF 
significantly decreased Ca2+ responses with lidocaine stimulation (Fig 4E & F). 6-MF also 
significantly dampened responses with flufenamic acid and thujone, two other T2R14 
agonists (Fig 4E). 6-MF did not alter Ca2+ responses with denatonium benzoate, a non-
T2R14 agonist (Fig 4E). Taken together, these data indicate that lidocaine interacts with 
a GPCR in HNSCC cells, likely T2R14, to trigger an intracellular Ca2+ response.  

 
Lidocaine decreases cell viability and mitochondrial membrane potential 
 Lidocaine is actively being investigated as a chemotherapeutic for several cancers 
[56, 63, 84], but its mechanism of action is completely unknown. After establishing an 
interaction between T2R14 and lidocaine, we tested if it had anti-proliferative effects in 
HNSCC cells. Using a crystal violet assay, we found that 10 mM lidocaine significantly 
decreased cellular proliferation after just 6 hours (Supplemental Fig 3A). After 24 hours, 
concentrations as low as 1 mM significantly decreased cellular proliferation 
(Supplemental Fig 3B).  
 To measure cell viability, We used an XTT assay as an indirect measurement of 
cellular NADH production [85]. Lidocaine (5 mM and 10 mM) and denatonium benzoate 
reduced cell viability in SCC 47 cells (Fig 5A). This was observed after only 2 hours, with 
the full assay covering 6 hours. Although we previously showed the ability of denatonium 
benzoate to decrease cell viability, this finding with lidocaine in HNSCC cells is novel [1, 
33]. These results were also observed in both FaDu and SCC 4 cells. FaDu cells 
appeared to be more sensitive to denatonium benzoate than lidocaine, as 5 mM 
denatonium benzoate decreased cell viability, but 5 mM lidocaine did not (Fig 5B). Both 
10 mM lidocaine and 10 mM denatonium benzoate decreased FaDu cell viability (Fig 5B). 
Conversely, only 10 mM lidocaine (not denatonium benzoate) decreased SCC 4 cell 
viability (Supplemental Fig 3C).  These data suggest that different types of HNSCCs may 
have different sensitivities to specific T2R agonists.   

After observing Ca2+ mobilization with ATP in previous experiments (Fig 1A-C), we 
wanted to test if this molecule would also decrease cell viability. Concentrations ranging 
from 1 – 100 uM ATP did not affect cell viability (Supplemental Fig 3D). 
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 Mitochondrial membrane potential (MMP) is an indicator of overall mitochondrial 
health, as it affects the bulk supply of ATP production [86, 87]. A hyperpolarized MMP 
promotes a healthy state, while the MMP will become depolarized in response to cellular 
stressors [88, 89]. We used a ratiometric JC-1 assay to assess mitochondrial health in 
HNSCC cells in response to lidocaine. We found that 10 mM lidocaine significantly 
depolarized the mitochondrial membrane (Fig 5C-D). This was measured using a ratio of 
“green dye monomers” to “red dye aggregates”, where monomers represent a 
depolarized mitochondrial state and aggregates represent a hyperpolarized mitochondrial 
state. These changes were observed as early as 100 minutes during the assay. Both 
decreased cell proliferation and viability, and depolarization of the mitochondrial 
membrane highlights the potential chemotherapeutic effects of lidocaine.  
 
Lidocaine induces apoptosis via T2R14  

After establishing the ability of lidocaine to decrease cell proliferation and viability, 
and to depolarize the mitochondrial membrane, we wanted to know if lidocaine could 
induce cell death. Lidocaine induces apoptosis in a variety of cancer and non-cancer 
settings [41, 55, 90-94]. While lidocaine can induce apoptosis in cancers of the 
esophageal and thyroid (organs that are localized near the internal regions of the head 
and neck), it remains unknown if the local anesthetics induce apoptosis, or even cell 
death, in HNSCC cells [95-97]. 

We utilized the CellEvent assay to measure caspase-3 and -7 cleavage in HNSCC 
cells with lidocaine. The green CellEvent dye fluoresces upon cleavage with either 
caspase-3 or -7 if/when apoptosis occurs [98-100]. This assay revealed that lidocaine 
induces apoptosis in SCC 47 and FaDu cells (Fig 6A & B; Supplemental Fig 4A). 
Interestingly, SCC 47 cells were more sensitive to lidocaine-induced apoptosis than FaDu 
cells, as it took FaDu cells longer to undergo caspase cleavage (Fig 6B; Supplemental 
Fig 4A). Differential Interference Contrast (DIC) images were taken in parallel with the 
CellEvent assay in SCC 47 cells. The images reveal poor cellular morphology coinciding 
with the apoptosis (Supplemental Fig 4B). To further verify caspase cleavage, full length 
and cleaved forms of both caspases were Western blotted for in SCC 47 cells using 10 
mM lidocaine over 6 hours. Caspase-7 cleavage occurred as early as 2 hours, while 
caspase-3 cleavage occurred as early as 4 hours (Fig 6C).  

To better understand if the observed apoptosis was a direct function of T2R14 
activation via lidocaine, we used the CellEvent assay again, with or without 6-MF (T2R14 
antagonist). When we first repeated the XTT assay in SCC 47 cells with or without 6-MF, 
the 6-MF did not rescue viability during co-incubation with lidocaine (Supplemental Fig 
4D). However, we found that after 10 hours, 6-MF was able to block apoptosis in SCC 47 
co-incubated with 10 mM lidocaine (Fig 6D & Supplemental Fig 4C). Complimentary to 
our original CellEvent data, DIC images revealed that 6-MF preserves overall cell 
morphology, even in the presence of lidocaine (Supplemental Fig 4C). We hypothesize 
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that this is because 6-MF reduces T2R14 signaling to a level where apoptosis is blocked 
but proliferation is still halted. However, this shows for the first time that lidocaine can 
induce apoptosis in HNSCC via activation of a T2R, specifically T2R14. This is a novel 
mechanism that could be advantageous in treating HNSCCs or other cancers  

 
Lidocaine may inhibit the proteasome as a mechanism of apoptosis  

There are several mechanisms suggested by which lidocaine can induce apoptosis 
in mammalian cells [101-104]. However, similarly to studying the effects of lidocaine in 
HNSCCs, its mechanism(s) of inducing apoptosis following T2R14 activation is/are 
completely unknown. It is vital to understand how a compound induces apoptosis in order 
to utilize it appropriately. 
 When we Western blotted for caspase-3 and -7 cleavage as markers of apoptosis 
activation, we noticed that not only were the cleaved forms of the proteins increasing, but 
so were the full-length forms (Fig 6C). We wanted to know if HNSCC cells were 
upregulating caspase-3 and -7 production (i.e., mRNA transcription or protein translation) 
in response to lidocaine, or if there was inhibition of normal proteolytic degradation 
processes. Caspase-3 and -7 production was measured via qPCR. There were no 
differences between mRNA at 0- and 6-hours post-lidocaine (Fig 7A). These proteins 
were then blotted for +/- 10 mM lidocaine and/or cycloheximide, which blocks new 
translation of proteins in cells [105]. Even with this blockade, 10 mM lidocaine still showed 
upregulation of full-length caspase-3 and -7 proteins (Fig 7B & C). This indicates that 
lidocaine may inhibit normal protein degradation pathways as a mechanism of inducing 
apoptosis.  
 In order to investigate the clinical applications of lidocaine, a gel was formulated 
using Matrigel to model the actual vehicle in which the lidocaine would be applied. Using 
both “thin” and “thick” formulations, we found that lidocaine induced cell death over 24 
hours when compared to control via DIC images. The thick formulation appeared to have 
the most death, as compared to the thin formulation (Fig 8).  
 
Discussion 
 With only 50% of patients surviving past five years even with treatment, the outlook 
for HNSCC patients is bleak [14, 106]. Standard treatment options (surgery, radiotherapy, 
chemotherapy) leave lasting effects [107-110]. Cetuximab, an EGFR inhibitor, is 
considered to be the only “targeted” chemotherapy approved by the FDA to treat HNSCCs 
[18]. Still, this chemotherapy does not distinguish between cancerous and non-cancerous 
cells [111]. In addition, immunotherapies are actively being investigated for HNSCCs; 
however, there are none that have been approved by the FDA [10, 112]. Novel, and 
possible targeted, therapies must be discovered to improve outcomes for HNSCC 
patients.  
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 Data here suggest that T2Rs may be an attractive target to leverage against 
HNSCCs using existing clinical compounds. T2R expression is not limited to just the oral 
cavity but also in all epithelial regions affected by HNSCCs  [113]. Although T2Rs are low 
affinity-GPCRs, their agonists have detrimental effects on HNSCC cell health, 
mitochondrial membrane potential, and cell survival [1]. An advantage of HNSCC is that 
lidocaine could be implemented into the clinic as a topical chemotherapeutic (e.g., an 
eluting gel or topical rinse). This is due to the accessibility of the internal regions of the 
head. Essentially, this treatment would be localized to the interest of region, hopefully 
leaving surrounding normal tissue unaffected [114]. Lidocaine already comes in a 
topical/cream form, and topical chemotherapies are being investigated as new routes of 
treatment [115-117]. In some cases of oral and oropharynx SCC, we found that T2R14 
expression is upregulated, indicating the potential of developing targeted therapies, on a 
case-by-case basis for this receptor [1]. As a local anesthetic that also activates T2R14, 
the potential effects of lidocaine as a chemotherapeutic bitter agonist for HNSCCs has 
not been explored [57]. With high solubility, documented safety data, and the use of it in 
the HNSCC surgery setting, lidocaine has the potential to be an easily translatable 
treatment for these cancers [118, 119].  
 Here, we established interactions between lidocaine and T2R14 first via Ca2+ 
responses in HNSCC immortalized cells lines. Compared to other T2R agonists including 
flufenamic acid, thujone, and denatonium benzoate (the most bitter compound currently 
known in terms of taste perception), lidocaine stimulation produced the largest Ca2+ 

responses. However, agonists could only be compared at their maximum aqueous 
solubility. Flufenamic acid is not nearly as soluble as the aforementioned compounds, 
which prevented us from using mM concentrations. While denatonium benzoate and 
thujone shared similar concentrations as lidocaine in the millimolar range, flufenamic acid 
did not, making this an inaccurate comparison of potency. However, this is indicative that 
lidocaine may be more easily translatable into the clinic due to high solubility. Procaine 
which has a bitter taste, but no identified T2R interaction, had minimal effects on Ca2+ , 
suggesting the effects of lidocaine are not due to Na+ channel inhibition. In addition, ATP 
produced significant Ca2+ responses in HNSCC cells at only 100 uM yet did not have any 
effects on cell viability like bitter agonists (Fig 1A-C; Supplemental Fig 3E) [61]. 

Both suramin and pertussis toxin dampened lidocaine Ca2+ responses (Fig. 4A & 
B) [79, 80]. This further links the Ca2+ response induced by lidocaine and generalized 
GPCR activation. However, suramin and pertussis toxin did not fully abolish the Ca2+ 
response with lidocaine.  Lidocaine can also activate TRPVA1 and TRPV1 Ca2+ influx in 
neuronal cells [120]. TRP channels might be expressed in HNSCC cells [121-123]. There 
may be some TRP channel activity causing the small Ca2+ responses with the G protein 
inhibitors. Additionally, TRP channels could play roles in the sustained Ca2+ response 
observed with lidocaine. Incubation with pertussis toxin did not affect Ca2+ response with 
denatonium benzoate, suggesting that the compound interacts with different T2Rs that 
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are differently coupled (Supplemental Fig 2A) [124, 125]. Ca2+ responses with 
denatonium benzoate, but not lidocaine were dampened with YM-254890, a Gaq inhibitor, 
and with siRNA knockdown of T2R4 (Supplemental Fig 2A & C-E) [126]. Although T2Rs 
are primarily coupled to Gagustducin or GaI, there is also evidence that they may be coupled 
to Gaq14 as well [127]. This could explain the dampened Ca2+ response with YM-254890.     

Lidocaine also caused a decrease in cAMP and an increase in DAG, indicative of 
GPCR activation, likely coupled to pertussis toxin-sensitive Gagustducin or Gai [33, 128]. 
We found that 6-MF, a specific T2R14 antagonist, also dampened Ca2+ responses with 
lidocaine and other T2R14 agonists, suggesting activation of T2R14  [129]. Similar to 
suramin and pertussis toxin, the Ca2+ responses with 6-MF were not completely blocked, 
possibly due to incomplete antagonism or cross-reactivity with another T2R.   

Some studies have investigated whether lidocaine can be repurposed as a 
chemotherapeutic in several cancers [51, 55, 130, 131]. This is a promising and low-cost 
endeavor as the local anesthetic is already used in surgical resection for many cancers 
and is FDA approved [132]. However, none of these studies have focused on HNSCCs, 
and none have considered activation of T2R14 [96, 133]. Here, we found that lidocaine 
alone significantly decreased HNSCC cell viability (measured via NADH production) and 
depolarized the mitochondrial membrane, which is indicative of poor mitochondrial health. 
Lidocaine decreased cell proliferation at just 6 hours. Mitochondria are a primary source 
of NADH production, showing the parallel of both observed cell viability (which measures 
NADH production) and observed mitochondrial membrane depolarization. Interestingly, 
6-MF did not rescue cell viability with lidocaine. Whether this is indicative of mechanisms 
of decreased cell viability in response to lidocaine being independent from T2R14 
activation and/or Ca2+ mobilization or simply incomplete antagonism of the receptor 
remains to be determined. 6-MF did block the apoptosis induced by lidocaine, as 
measured by caspase-3 and -7 cleavage with fluorescent dye [100, 134, 135].  

Our data also suggest lidocaine inhibits proteasomal degradation of several 
proteins, including caspases and cyclin D [136, 137]. The ubiquitin-proteasome system 
(UPS) is a complex made up of many subunits that have protease activity. This complex 
can capture poly-ubiquinated proteins, unfold them, and subject them to proteolysis [138]. 
Whether or not lidocaine initiates this inhibition of the proteasome through activation of 
T2R14, or another independent mechanism, will be tested in future studies. Intracellular 
Ca2+ mobilization is essential for proper proteasome activity in neuronal models, mainly 
through the activation of calcium/calmodulin-dependent protein kinase II (CaMKII) [139-
141]. In addition, the UPS is also responsible for regulating intracellular Ca2+ via 
degradation of Ca2+ channels and pores [142]. A link between T2R14-induced Ca2+ 
mobilization and inhibition of the UPS remains to be determined. 

 Another primary mechanism of UPS regulation is through the mitochondria. 
Mitochondria can negatively regulate proteasomal activity via increased ROS and 
decreased ATP [143-145], which can be a result of mitochondrial membrane 
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depolarization, as observed here with lidocaine stimulation [146]. It is also possible that, 
independent of T2R14 activation, lidocaine is able to diffuse into the cell [147]. Lidocaine 
may inhibit the UPS by binding to the b5 subunit of the 20s proteasome in p53-postive 
cancer cells [148]. In any case, UPS inhibition can be linked to apoptosis [149-152]. Drugs 
that inhibit the catalytic activity of the UPS, including hallmark drugs like bortezomib and 
ixazomib [153] are used as chemotherapeutics as cancer cells have high rates of protein-
turnover for survival [154]. This may contribute to apoptosis observed with lidocaine 
stimulation, either downstream of T2R14 activation or independently.  

It is highly important to continue to study and uncover new therapeutics and 
therapeutic targets to better outcomes for HSNCC patients. Our data suggest using 
lidocaine to treat HNSCCs could prove to be a promising strategy, warranting further in 
vivo and clinical investigation. Due to accessibility of the internal regions of the head and 
neck, lidocaine could be delivered as a topical cream or local injection. This would enable 
the use of potent doses without affecting other regions of the body. We observed here 
that lidocaine in the form of gel inhibited proliferation in HNSCC cells. This strategy could 
be used post-surgery to kill residual cancer cells, perhaps decreasing the amount of 
tissue needed to be resected and chance of metastasis. 
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Figures 
 

 
Figure 1. Lidocaine induced Ca2+ responses in HNSCC cells. HNSSC cell lines SCC 
47, FaDu, and RPMI 2650, were loaded with Fluo-4 and imaged for subsequent Ca2+ 
responses with bitter agonists. A) SCC 47 peak fluorescent Ca2+ responses with HBSS, 
10 mM lidocaine, 10 mM denatonium benzoate, 15 mM denatonium benzoate, 3 mM 
thujone, 500 µM flufenamic acid, or 100 µM ATP. B) FaDu peak fluorescent Ca2+ 
responses with HBSS, 10 mM lidocaine, 10 mM denatonium benzoate, 15 mM 
denatonium benzoate, 3 mM thujone, 500 µM flufenamic acid, or 100 µM ATP. C) RPMI 
2650 peak fluorescent Ca2+ responses with HBSS, 10 mM lidocaine, 10 mM 
denatonium benzoate, 15 mM denatonium benzoate, 3 mM thujone, 500 µM flufenamic 
acid, or 100 µM ATP. D) SCC 47 peak fluorescent Ca2+ responses with 0 – 10 mM 
lidocaine. E) SCC 47 representative fluorescent Ca2+ responses from one experiment 
over time with 0 – 10 mM lidocaine. F) SCC 47 peak fluorescent Ca2+ responses with 0 
– 10 mM denatonium benzoate. G) SCC 47 representative fluorescent Ca2+ responses 
from one experiment over time with denatonium benzoate. Peak fluorescence mean +/- 
SEM with >3 experiments using separate cultures. Significance by 1-way ANOVA with 
Bonferroni posttest comparing HBSS to each agonist. P < 0.05 (*), P < 0.01 (**), P < 
0.001 (***), and no statistical significance (ns).  
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Figure 2. Lidocaine exhausts purinergic Ca2+ responses in HNSCC cells. SCC 47 
and SCC 4 cells were loaded with Fluo-4 and imaged for subsequent Ca2+ responses 
with 1 – 10 mM lidocaine followed by 100 µM ATP. A) SCC 47 fluorescent Ca2+ 
responses over time and representative images of responses of baseline, lidocaine 
peak and ATP peak with 1 – 10 mM lidocaine followed by 100 µM ATP. Scale bars = 30 
µm. B) SCC 4 fluorescent Ca2+ responses over time and representative images of 
responses of baseline, lidocaine peak and ATP peak with 1 – 10 mM lidocaine followed 
by 100 µM ATP. Scale bars = 30 µm. C) SCC 47 change in fluorescence with 
secondary ATP simulation. D) SCC 4 change in fluorescence with secondary ATP 
simulation.  

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted November 24, 2022. ; https://doi.org/10.1101/2022.11.22.517413doi: bioRxiv preprint 

https://doi.org/10.1101/2022.11.22.517413


 
Figure 3. Ca2+ response with lidocaine is due to intracellular Ca2+ release. HNSSC cell line, 
SCC 47, was loaded with 5 µM Fluo-4-AM fluorescent Ca2+ dye indicator for 50 min and imaged 
for subsequent Ca2+ responses with 10 mM lidocaine. A) SCC 47 fluorescent Ca2+ response 
over time in HBSS with or without Ca2+ (+/- extracellular Ca2+). B) SCC 47 peak fluorescent Ca2+ 
responses with 10 mM lidocaine in HBSS with or without Ca2+. Peak fluorescent mean +/-  SEM 
with >3 separate cultures. Significance by unpaired t-test. SCC 47 cells were transfected with 
pcDNA-4mt3cpv or pcDNA-D1ER 24 – 48 hours prior to Ca2+ imaging. C) SCC 47 mitochondrial 
peak CFP/CFP-YFP fluorescent Ca2+ responses with HBSS, ATP, 10 mM lidocaine, 10 mM 
denatonium benzoate, or 15 mM denatonium benzoate. Peak fluorescence mean +/- SEM with 
>3 experiments using separate cultures. Significance by 1-way ANOVA with Bonferroni posttest 
comparing HBSS to each agonist. D) SCC 47 mitochondrial fluorescent Ca2+ responses over 
time with HBSS, ATP, 10 mM lidocaine, 10 mM denatonium, or 15 mM denatonium. E) SCC 47 
representative image of pcDNA-4mt3cpv CFP/YFP baseline fluorescence mitochondrial 
localization. Scale bar = 30 µm. F) SCC 47 ER peak CFP/CFP-YFP fluorescent Ca2+ responses 
with10 mM lidocaine, 10 mM denatonium benzoate, or 15 mM denatonium benzoate. Peak 
fluorescence mean +/- SEM with >3 experiments using separate cultures. Significance by 1-way 
ANOVA with Bonferroni posttest comparing HBSS to each agonist. G) SCC 47 ER fluorescent 
Ca2+ responses over time with 10 mM lidocaine, 10 mM denatonium benzoate, or 15 mM 
denatonium benzoate. H) SCC 47 representative image of pcDNA-D1ER CFP/YFP baseline 
fluorescence ER localization. Scale bar = 30 µm. P < 0.05 (*), P < 0.01 (**), P < 0.001 (***), and 
no statistical significance (ns or no indication). 
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Figure 4. Lidocaine increases intracellular Ca2+ through activation of T2R14. HNSSC cell 
line, SCC 47, was loaded with Fluo-4 and imaged for subsequent Ca2+ responses with 10 mM 
lidocaine. A) SCC 47 peak fluorescent Ca2+ and accompanying representative Ca2+ traces over 
time of 10 mM lidocaine with or without 1 hour prior incubation with 100 µM suramin. B) SCC 47 
peak fluorescent Ca2+ and accompanying representative Ca2+ traces over time of 10 mM lidocaine 
with or without 18 hour prior incubation with 50 ng pertussis toxin. Peak fluorescent mean +/-  
SEM with >3 separate cultures. Significance by unpaired t-test. SCC 47 cells were transduced 
with fluorescent DAG biosensor and imaged for subsequent DAG responses with 10 mM 
lidocaine. C) SCC 47 peak fluorescent DAG and representative DAG trace over time with HBSS 
or 10 mM lidocaine. Peak fluorescent mean +/-  SEM with >3 separate cultures. Significance by 
unpaired t-test. SCC 47 cells were transfected with pcDNA3.1(-)Flamindo2 and imaged for 
subsequent cAMP responses with HBSS, 10 mM lidocaine or 100 µM isoproterenol. D) SCC 47 
peak fluorescent cAMP and representative cAMP traces over time with HBSS, 100 µM 
isoproterenol, or 10 mM lidocaine. Peak fluorescence mean +/- SEM with >3 experiments using 
separate cultures. Significance by 1-way ANOVA with Bonferroni posttest comparing HBSS to 
each agonist. E) SCC 47 peak Ca2+ fluorescent responses and representative fluorescent images 
with 10 mM lidocaine with or without prior 1 hour incubation with 100 µM 6-methoxflavanone (6-
MF). Peak fluorescent mean +/- SEM with >3 separate cultures. Significance by unpaired t-test 
between HBSS and bitter agonist response with 100 µM 6-MF. Image scale bars = 30 µm. P < 
0.05 (*), P < 0.01 (**), P < 0.001 (***), and no statistical significance (ns or no indication). 
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Figure 5. Lidocaine decreases cell viability and depolarizes the mitochondrial 
membrane. SCC 47 and FaDu cells were incubated with bitter agonists with XTT dye, 
an indicator of NADH production. A decrease in the difference of absorbance (475 nm – 
660 nm) indicates reduced NADH production. A) SCC 47 XTT absorbance values (475 
nm – 660 nm) after 120 minutes of incubation with media, 1 – 10 mM lidocaine, or 1 -10 
denatonium benzoate. Absorbance values were measured over six hours as seen in 
representative traces. B) FaDu XTT absorbance values (475 nm – 660 nm) after 120 
minutes of incubation with media, 1 – 10 mM lidocaine, or 1 -10 denatonium benzoate. 
Absorbance values were measured over six hours as seen in representative traces. 
Absorbance mean +/- SEM with >3 separate cultures. Significance by 1-way ANOVA 
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with Bonferroni posttest comparing media to each concentration of lidocaine and 
denatonium benzoate. SCC 47 cells were loaded with fluorescent JC-1 dye 15 minutes 
prior to incubation with bitter agonists. An increase in FITC (dye monomers) / TRTIC 
(dye aggregates) represents depolarized mitochondrial membrane potential. C) FaDu 
fluorescent FITC/TRITC ratio at 100 minutes of incubation with 0 – 10 mM lidocaine and 
representative fluorescent values over 300 minutes. Fluorescent mean +/- SEM with >3 
separate cultures. Significance by 1-way ANOVA with Bonferroni posttest comparing 
media to each concentration of lidocaine. D) FaDu representative images of change in 
TRITC red dye aggregates (indicative of loss of mitochondrial membrane potential) at 0 
and 12 hours with 0 – 10 mM lidocaine. Scale bars = 30 µm. P < 0.05 (*), P < 0.01 (**), 
P < 0.001 (***), and no statistical significance (ns or no indication). 
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Figure 6. Lidocaine induces apoptosis via T2R14. SCC 47 cells were incubated with 
10 mM lidocaine with CellEvent fluorescent dye, which fluoresces upon caspase-3 and 
caspase-7 cleavage. A) SCC 47 CellEvent fluorescence at 4 hours with 0 - 10 mM 
lidocaine. Representative trace of CellEvent fluorescence over 12 hours with 10 mM 
lidocaine. Fluorescent mean +/- SEM with >3 separate cultures. Significance 
determined by one-way ANOVA with Bonferroni posttest between untreated and treated 
cells. B) SCC 47 representative images of CellEvent caspase cleavage at 0 and 12 
hours with 10 mM lidocaine. C) SCC 47 cells were treated with 10 mM lidocaine for 0, 2, 
4, or 6 hours. Caspase-3, caspase-7, and b-Actin primary antibody (1:1000) incubation 
in Tris-Tween with 5% BSA was 1 hour at room temperature. Incubation with goat anti-
rabbit or anti-mouse IgG-horseradish peroxidase secondary antibodies (1:1000) was 1 
hour at room temperature. Immunoblots shown are representative of 3 independent 
experiments using cells at different passage number on different days. 
D) SCC 47 CellEvent fluorescence at 10 hours with 10 mM lidocaine with or without 100 
µM 6-MF. Representative trace of CellEvent fluorescence over 10 hours with 10 mM 
lidocaine with or without 100 µM 6-MF. Mean +/- SEM with >3 separate cultures. 
Significance was determined by unpaired t-test with control between 10 mM lidocaine 
and 10 mM lidocaine + 100 µM 6-MF. P < 0.05 (*), P < 0.01 (**), P < 0.001 (***), and no 
statistical significance (ns or no indication). 
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Figure 7. Lidocaine may inhibit the proteasome. SCC 47 cells were incubated with 
10 mM lidocaine for 6 hours. A) SCC 47 caspase-3 and caspase-7 mRNA expression at 
0 and 6 hours with or without 10 mM lidocaine. Expression is relative to 0 hour Control. 
Mean +/- SEM with >3 separate cultures. Significance determined by paired t-test 
between lidocaine treated cells at 0 and 6 hours. SCC 47 cells were treated with 10 mM 
denatonium benzoate or 10 mM lidocaine for 6 hours with or without 15 ug/mL 
cycloheximide (CHX). Caspase-3, caspase-7, cyclin D (cycloheximide protein synthesis 
control) and b-Actin primary antibody (1:1000) incubation in Tris-Tween with 5% BSA 
was 1 hour at room temperature. Incubation with goat anti-rabbit or anti-mouse IgG-
horseradish peroxidase secondary antibodies (1:1000) was 1 hour at room temperature. 
Immunoblots shown are representative of 3 independent experiments using cells at 
different passage number on different days. P < 0.05 (*), P < 0.01 (**), P < 0.001 (***), 
and no statistical significance (ns or no indication). 
 
 
 

 
 
Figure 8. Translation of lidocaine into the clinic. SCC 47 cells were subjected to 
Matrigel containing 10 mM lidocaine for 24 hours. DIC images of SCC 47 cells after 24 
hours of lidocaine-Matrigel exposure with both thick and thin formulations. Scale bars = 
30 µm.  
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