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Introduction
Approximately47,000 new casesof head and neck squamouscell
carcinoma(HNSCC)arise in the US each year [1]. The majority of
these casesare due to cigarette smoking[2]. Cancerliterature has
revealed that nicotine, a major component of cigarette
smoke, promotes proliferation and angiogenesisin tumors [3].
Althoughnicotineisnot carcinogenicby itself, it hasbeenindicatedto
increasethe invasiveand metastatic tendenciesof existing tumor
cells[4].

Mounting evidencesuggeststhat malignant tumors are initiated by
what areknownascancerstemcells(CSCs)[5-8]. In addition, it is the
CSCphenotype which is responsiblefor metastasis,invasion, and
recurrence of cancer [9-11]. The origin of CSCsremained poorly
understood,until severalbreakthroughstudiesprovedthe possibility
of inducing stem cell properties in breast cancer via epithelial-to-
mesenchymaltransition(EMT)[12-14].

EMT is the processby which an epithelial cell mobilizes into the
surrounding connective tissue, where it does not normally reside
[15,16]. Interestingly, nicotine has recently been shown to induce
EMTas well as invasionand proliferation in breast cancercell lines
[4]. Furthermore, nicotine may possessa regulatory role in the
differentiation and proliferation of embryonal carcinomacells via
acetylcholinereceptors[17].

Eventhoughnicotinehasbeenlinkedto EMT,its role asa promoter of
stem cell-like properties remainsuninvestigated. In this project we
examinethe effect of long term nicotinetreatment on two headand
necksquamouscell carcinoma(HNSCC)cell lines,HN-1 and10B,with
regardsto EMTand stemcellmarkers/phenotype.
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Figure1. A: qRT-PCRshowingthe inductionof self-renewal(oct4, nanog) andEMTgenes(snail,twist) following long term 3mM nicotinetreatment in the HNSCCcell line
10B. Ctvalueswerenormalizedto GAPDHexpression. Oligosequencesareshownin Table1 below. B: qRT-PCRshowingthe lossof Oct-4 expressionin nicotinetreated 10B
cellsafter beingtransfectedwith SnailSiRNA(snailknockdown). C: A matrigelassay(BectonDickinson)showingincreasedinvasiveability upon treatment with nicotine.
Errorbarsrepresentstandarddeviations.

Figure3. A: Efficiencyof primarysphereformation in 10Bversusnicotinetreated 10B.
Sphereswere cultured for two weeksin low adhesionplates(CorningCostar),DMEM
F12 (Invitrogen) and supplementedwith 20 ng/ml of EGFand FGF. B: Efficiencyof
primary sphere formation in HN-1 cells versusnicotine treated HN-1. C: Confocal
microscopy image at 10X power showing only typical clump-like cell aggregates
formed by parental HN-1 cells. D: confocalmicroscopyimageat 10X power showing
spherical structures formed by nicotine treated HN-1 cells. Error bars represent
standarddeviations.
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Figure 2. Western blot analysis reveals evidence of epithelial-to-
mesenchymaltransition (EMT)in head& neckcancercell linestreated long
term with variousdosesof nicotine. HallmarkEMTtraits include lossof e-
cadherinexpressionandacquisitionof Snailexpression.
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Thus far we have found that long term nicotine treatment
causeshead & neckcancercell lines to undergoan EMT,as
evidenced by mRNA and protein expression analyses.
Consistentwith previousliterature focusingon breastcancer,
we were able to associate this EMT process with the
acquisition of stem cell-like properties, including the
expressionof pluripotencymarkersOct-4 and Nanog, aswell
as the enhancedability to form spheres in non-adherent
conditionsandincreasedinvasion.

Since a knockdown of snail resulted in Oct-4 expression
returning to baseline levels, it is possible that nicotine
promotes stem-like properties exclusively via the EMT
pathway. Future experiments may go into further detail
concerning the mechanisms of this process, including
investigatingthe epigeneticstatus(DNAmethylation, histone
methylation, etc)of EMTgenesin the presenceof nicotine.

Yet another critical piece of information is whether these
traits conferredby longterm nicotinetreatment are lost upon
withdrawal of nicotine or maintained as a result of
reprogramming. Our spheredata seemto, at least in a 2-
weektimeframe,suggestthe latter.
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Figure4. Schematicof limiting dilution assayfor tumorigenesis. Highly
tumorigenic cells (presumablynicotine treated HN-1 cells) will form
tumors at lower dosescomparedto lesstumorigeniccells. Datawill be
tabulatedin the form of table2 below.
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