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Introduction

The investigation of the properties of anti-angiogenesis drugs tranilast
and combretastatin A4 Phosphate, as mitochondrial inhibitors into new
mechanisms of action of anti-cancer chemotherapeutics. Angiogenesis
has become a key target into developments within cancer research.
The aim of the study is to investigate the effects of anti-angiogenesis
drugs on mitochondrial function with the hypothesis that some of these
drugs may cause mitochondrial type 2 apoptosis, which is generally ab-
sent or dysfunctional in cancer cells [1]. Angiogenesis is a physiological
process involving the growth of new blood vessels from pre-existing
vessels. It is an essential and normal process in wound healing, tissue
growth and development. In addition, angiogenesis is a fundamental
stage in the transition of tumours from a pre-malignant to a malignant
state that is needed to form a network of new blood vessels for supply
of oxygen and nutrients to tumour tissues. In normal healthy tissues the
balance of pro-angiogenic and anti-angiogenic growth factors and pro-
teins favours inhibition of angiogenesis. As new capillaries are needed,
the balance of growth factors is adjusted to stimulate vascular growth.
The major critical activator of angiogenesis is a pro-angiogenic growth
factor (vascular endothelial growth factor — VEGF) with the latest treat-
ment for different tumours being Avastin'" with the mechanism of the
action of the compounds poorly understood. Angiogenesis is heavily
dependent on energy in the form of a chemical Adenosine 5" Triphos-
phate (ATP); which is made in small sub-cellular organelles called mito-
chondria. It is needed for both the DNA and protein synthesis needed
for new blood vessels to form. The chemical structures of several com-
pounds that inhibit angiogenesis have structural similarity with com-
pounds already shown to inhibit mitochondrial function [2,3,4].

Hypothesis

Our hypothesis is that some angiogenesis inhibitors such as tranilast
and combretastatin A4 have a direct effect on mitochondrial function. If
our hypothesis is correct, this may shed new light on how certain anti-
cancer medicines work, and, may lead to the development of a whole
new range of anti-cancer drugs, for use in man and other animals.

Materials and Methods

Freeze thawed bovine heart mitochondria were incubated with a range
of concentrations (0 —200uM) of various drugs for 5 minutes at 37°C to
allow for drug binding. Samples were then pipetted off from the anti-
angiogenic drug/mitochondria suspensions and added to separate as-
say plates containing all the assay components needed for the assay of
mitochondrial complex | activity, mitochondrial complex lI-Ill activity or
mitochondrial complex |V activity. Mitochondrial complex | activity, 1l-ll|
activity and complex IV activity was measured in a 96 well plate reader
using spectrophotometric methods developed by Dr. Bates [2,3,4,].

o i The shows image shows a pellet of highly puri-
fled pig heart mitochondria used in the experi-

ments.

The mitochondria were isolated using homogeni-
sation and differential centrifugation.
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Results

Complex lI-11l activity versus Tranilast concentration
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Figure 1: Graph showing an inhibition of mitochondrial complex II-1ll activity in the
presence of Tranilast.
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Figure 2: Graph showing an inhibition of mitochondrial complex lI-Ill activity in the
presence of Combretastatin A4.

Conclusion

Anti-angiogenic drugs such as combretastatin A4 and tranilast clearly
have potent anti-mitochondrial activities, which may be the major route
by which these compounds initiate cancer cell death by extrinsic
(mitochondrial) apoptosis/programmed cell death. This has major impli-
cations for the design of novel anti-cancer drugs as the established
mechanisms of action of anti-angiogenic drugs may in fact be due to in-
hibition of mitochondrial energy metabolism rather than their effects on

cytoskeletal proteins. The data is likely to strongly influence the deci-
sions made by pharmaceutical companies in their medicinal chemistry
projects, as they strongly suggest that major efforts should be made to
design molecules with the ability to bind to and inhibit mitochondrial en-
zymes, rather than inhibit cytoskeletal protein synthesis and assembly.

Acknowledgments

We are extremely grateful for the help and support of Dr. Julian Bartrup, Mrs. Angela Murtagh,
Mrs. Beverley Shepherd, Mr. Gerjan Scheper, Dr. Libby John and Professor Mike Neary, who
have been invaluable in facilitating the research described in this poster.

This project was supported by a Undergraduate Research Opportunities Scheme (UROS)
grant [2011] through the “Student as Producer” scheme run by the Centre for Educational
Research and Development (CERD).

[2] E. Daley, D. Wilkie, A, Loesch, |.P. Hargreaves, A. D. Kendall, G.J. Pilkington and Timothy E. Bates. (2005) Chlorimipramine: a novel anticancer agent with a mitochondrial target. Biochem. Biophys. Res.

Comm. 328, 623-632.

[3] Athanasiou, P. Smith, S. Vakilpour, N.M. Kumaran, A.E. Turner, D. Bagiokou, R. Layfield, D.E. Ray, A.D. Westwell, S.P.H. Alexander, D.A. Kendall, D.N. Lobo, S.A. Watson, A. Lophatanon, K.A. Muir,
De-an Guo and Timothy E. Bates. (2007) Vanilloid receptor agonists and antagonists are mitochondrial inhibitors: How vanilloids cause non-vanilloid receptor mediated cell death. Biochem. Biophys.

Res. Com., 354, 50 - 55.
1

[4] Athanasiou, A.B. Clarke, A.E. Turner, N.M. Kumaran, S. Vakilpour, P.A. Smith, D. Bagiokou, T.D. Bradshaw, A.D. Westwell, L. Fang, D.N. Lobo, CS. Constantinescu, V. Calabrese, A. Loesch, S.P.
Alexander, R.H. Clothier, D.A. Kendall, Timothy E. Bates. Cannabinoid receptor agonists are mitochondrial inhibitors: A unified hypothesis of how cannabinoids modulate mitochondrial function and in-

duce cell death. Biochem Biophys Res Comm., 364, 131 - 137.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



