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Overall survival for HNSCC has not significantly improved. Treatment failure predominantly develops due to local-
regional recurrences and second primaries as a result of field cancerization from tobacco use. Identifying a
chemopreventive agent that alters this process could affect survival rates. Curcumin, a turmeric root extract, is in cancer
clinical trials in a complex form as Curcumin C3 ®, although its effect on in vivo oral HNSCC has not been investigated.
Understanding the cellular response to curcumin may identify a novel mechanism-based chemopreventive. Several oral
HNSCC cell lines were grown in the presence of curcumin or C3 (0-40uM) and effects on growth were determined by cell
proliferation assay in 96 well plates. A transcriptome profiling of a human hypopharyngeal tumor cell line exposed to
curcumin for 24-48 hours was performed using Affymetrix microarrays of a human genome. Total RNA from cells was
collected after 0, 24 or 48 hours of exposure to 10uM curcumin and analyzed with GeneSpring 6.1. 10uM curcumin or C3
was cytotoxic to a hypopharyngeal, poorly differentiated retromolar, and an oral cavity alveolar ridge tumor cell line,
whereas 5uM was cytostatic. In the hypopharyngeal SCC, 143 genes were found to be differentially expressed after 24
hours of curcumin exposure, of which 102 genes were upregulated and 41 were downregulated. 147 genes were
differentially expressed after 48 hours of curcumin exposure, of which 127 genes were upregulated and 40 genes were
downregulated. HNSCC cells are sensitive to killing by curcumin. These findings provide insight into the biological effects
of global gene expression and chemoprevention induced by curcumin. There has been no change in overall survival of
HNSCC patients although local regional control rates have improved. ~50% of advanced stage HNSCC patients develop
recurrence therefore preventing any steps of neoplastic transformation or second primaries in the UADT are a promising
strategy.
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A natural product isolated from turmeric, curcumin has been implicated as a powerful therapeutic in a variety of human
cancers (1) because of its ability to induce apoptosis and is currently undergoing clinical trials for colon, skin, pancreatic,
and hematologic cancers, although its effect on oral HNSCC has been limited for in vivo benefit due to low
gastrointestinal absorption (2). Laboratory data indicate that curcumin can inhibit tumor initiation, promotion, invasion,
angiogenesis and metastasis. Curcumin has a long history as a food additive and is effective when applied topically to Figure 3. Scatter plot analysis of differentially expressed genes in response to curcumin treatment. Over-

the skin or orally for colon studies but remains ineffective for systemic application. Curcumin has the desirable expressed genes are indicated by blue, under-expressed by red, moderate increase by black, moderate decrease by
pharmaceutical properties including anti-inflammatory and anti-proliferation, and selectively targets rapidly dividing cells, yellow, and no change by green. Several signaling molecules, transcription factors, and mTOR pathway components
such as those found in malignant transformation, while sparing healthy cells. Several prostrate, breast cancer and colon were identified that changed expression upon curcumin treatment.

cancer animal models have demonstrated an ability of curcumin to inhibit tumor formation, although sufficient absorption
of curcumin for clinical benefit remains problematic. Curcumin is poorly absorbed following oral administration (3) with
only traces found in the blood and a majority excreted in the feces (4). Studies have shown the increased bioavailability
of curcumin when administered in conjunction with the black pepper extract piperine in both rats and humans (5). This

commercially available combination of curcumin and piperine, Curcumin C3 ® (Sabinsa Corp. Piscataway, NJ), is SR

currently being evaluated in a phase Il trial of metastatic colon cancer, and was selected for our studies. Curcumin has
been shown to affect various cell cycle proteins and checkpoints involving downregulation of some of the cyclins and
cyclin-dependent kinases, upregulation of cdk inhibitors, and inhibition of DNA synthesis (reviewed in 6) in a variety of
cancers. Curcumin has previously been shown to induce a G1/S phase cell cycle arrest in the MDA 686LN HNSCC cell
line (7), therefore we explored the role curcumin plays in the cell cycle from a variety of HNSCC cell lines. Curcumin is
suspected to exert its effects through the mTOR pathway, a key regulator of cell growth and cell size, in prostate, glioma, Diefalt
rhabdomyosarcoma, and breast carcinomas (8-10). Curcumin’s effects on the mTOR pathway have not been studied in 150 2000
HNSCC, although the modulation of NFkB, a transcription factor that controls cell proliferation and cell survival, by

curcumin in HNSCC has been studied (2,11).
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Methods and Materials

Cell lines and origin: FaDu-hypopharyngeal, SCC16-tongue, SCC25-tongue, SCC40-tongue, SCCO66-oral cavity A
alveolar ridge (T4NO0), SCC114-FOM (T2NO0), SCC116-alveolar ridge (T2NO0), PCI13-RMT (T4N1M0), PCI15a-pyriform

sinus (T2N1MO0), PCI30-BOT (T3NOM1). SCC cell lines kindly provided by Dr. Susan Gollin (University of Pittsburgh),
and PCI cell lines kindly provided by Dr. Teresa Whiteside (University of Pittsburgh).

MTT assay: 2000 cells per well were seeded in triplicate onto 96 well plates and treated with curcumin C3 at 0, 2.5, 5,
10, 20, or 40uM for 0-72 hours. Cell viability was measured by the MTT method.

Flow cytometry: Cells were grown to ~80% confluency in the absence or presence of 10uM curcumin C3 for 0-48 hours.
DNA was stained with propidium iodide after RNAse A treatment to remove RNA and analyzed by FACS Caliber (Becton
Dickson).

Affymetrix: We performed a transcriptome profiling of a human hypopharyngeal tumor cell line exposed to curcumin for
24-48 hours using Affymetrix microarrays of a human genome U133A 2.0. Total RNA from cells was collected after 0, 24 Crairr Th T8 i
or 48 hours of exposure to 10uM curcumin with subsequent microarray analysis performed with GeneSpring 6.1 software \

(Sillicon Genetics, Redwood City, CA). Genes that were induced or suppressed 2 fold or greater by curcumin treatment | @
were filtered using GeneSpring software. }

Figure 4. Hierarchical clustering of curcumin treatment. 22277 (All records) were analyzed and clustered by UPGMA
(unweighted average) with a similarity measure of Euclidean distance and ordered by average value. A. 24 hours
curcumin treatment. B. Control cells. C. 48 hours curcumin treatment. Note a difference in clustering patterns of genes
after 24 and 48 hours curcumin treatment indicating a change in gene expression.
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(8). The mTOR pathway is a key signaling pathway that regulates cap-dependent translation as well as apoptosis

PCI152 ccLi1o through phosphorylation of S6K and subsequent de-phosphorylation of Bad, which allows association of Bcl-2/Bcl-xL to
initiate activation of the caspase pathway and cleavage of PARP.

Conclusions

A total of 143 genes were found to be differentially expressed after 24 hours of curcumin exposure, of which 102 genes

Figure 1. Growth inhibition of HNSCC cells in vitro with curcumin. Curcumin C3® inhibits proliferation of tumor cells were upregulate_d and 41 were dovynregulated. A total of 147 genes were found to be differentially expressed after 48
FaDu, PCI-13, PCI-15a, PCI-30, SCC16, SCC40, SCC66. SCC114, SCC116, and control cells CCL110 in a dose- hours of curcumin exposure, of which 127 genes were upregulated and 40 genes were downregulated. Some of the most

dependent manner. Note that cells are consistently sensitive to killing by curcumin at 5-10uM, a physiologically relevant nota.ble differentially expressed genes were involved in the cell cycle (F.'g 2). NFKB (and therefore apoptosis/cell
concentration survival), phosphorylation of 4EBP1, oxidative state of the cell, G protein coupled receptors (GPCR), cell

morphology/motility, extracellular matrix, and vesicle trafficking. These results indicate that curcumin affects many

components of the mTOR and mTOR-related signaling pathways but does not affect mTOR directly at the level of

transcription (8, and data not shown). The mammalian target of rapamycin (mTOR) is at the center of a signaling

pathway that mediates proliferation and cell survival, and has become a target for anticancer therapies through the use of
PCl15a SCC25 SCC066 rapamycin and its derivatives (12). Targeting the mTOR pathway with rapamycin and rapamycin analogues such as CClI-

779, RAD 001, and AP23573 inhibits cell cycle progression, cell growth, and proliferation signaling. In cancer cells, these

pathways may be constitutively activated. Clinical trials have demonstrated tumor growth suppression against a variety of
human cancers with rapamycin and its analogues. Therefore, development of modulators of mTOR and related pathways
is a rational chemopreventative strategy for malignancies with a wide range of molecular abnormalities.

| Bibliography
Aggarwal, BB et al Anticancer Research 2003; 23:363-98.
LoTiempo et al Clinical Cancer Research 2005; 11:6994-7002.
Ammon, HPT et al Planta Medica 1999;57:1-7.
Ravindranath, V 1980 Toxicology 20:251-257.
Shoba G. Planta Medica 1998, 64:353-356.

Karunagara D. Advances Experimental Medical Biology 2007; 595:245-68

. _ : ] ] i _ Aggarwal S. International Journal of Cancer 2004, 111(5):679-92.
Figure 2. Flourescence activated sorting (FACS) analysis of HNSCC cells treated with curcumin. FACS analysis Beevers CS, International Journal of Cancer 2006, 119(4):757-64.

was done on HNSCC cell lines treated with 10uM C3, a concentration inducing cell death in all cell lines analyzed by Li M, Cancer Research 2007, 67(5):1988-96.
MTT assay. A peak at 200 corresponds to DNA in the G1 phase of the cell cycle, and a peak at 400 corresponds to the _ Aoki’ H Molecular Pharmaco;ogy 2007, 72(1):29-39.
G2 phase of the cell cycle. Note that the SCC40 histogram depicts a G2/M arrest whereas the PCl15a histogram Aggarv;/al S International Journal of C’ancer 2004, 111(5): 679-92.

corresponds to a G1/S cell cycle arrest, while other cell lines do not convincingly demonstrate any cell cycle arrest with Vignot S. Annals of Oncology 2005, 16:525-537.
curcumin treatment. ’

©CoOoNoOGORrLN -~





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [2160.000 3456.000]
>> setpagedevice


