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Preface

From the first development of radioactive tracers in the early 1930s, it would take almost
seven more decades for molecular imaging to evolve into a mature field of research. Since
then, however, molecular imaging techniques have advanced and become invaluable tools
for molecular biology research and – to a more modest extent – clinical medicine. Molec-
ular imaging abandons the canonical imaging paradigm of detecting morphological con-
trasts and aims to explore the dynamics of molecules indicative of physiology and disease
in a qualitative and quantitative manner. It allows longitudinal, noninvasive visualization
of biological processes at the sub-cellular level, typically but not necessarily through the
use of reporters with strong binding affinity to the molecular targets of interest. It fol-
lows from this rather unrestrictive definition that molecular imaging is not limited to
specific image-capture methods but includes optical (near-infrared and visible spectrum
fluorescence, bioluminescence), radio-scintigraphic modalities (PET, SPECT), magnetic
resonance imaging (MRI), and magnetic resonance spectroscopy (MRS). All these imag-
ing techniques progressively employ tagged probes with high affinity for molecules of
interest, binding-activatable ‘smart’ probes and genetically engineered stably expressed
reporters thus allowing optimized target visualization. Consequently, the list of biological
processes that can be investigated is long and continues to expand.

The amount of possibilities offered by different molecular imaging techniques can
be puzzling to biologists new to the field. Bearing this in mind, this book sets out to
describe a rich variety of practical procedures and methods for diverging imaging tech-
nologies. Different sections are devoted to imaging of basic molecular and biochemical
events, imaging in pre-clinical and finally in clinical settings and include sufficient practical
details for students, established practitioners, and research fellows from different fields to
become familiar with molecular imaging and incorporate imaging into their work.

Khalid Shah

v





Contents

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

Contributors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

SECTION I IMAGING BIOCHEMICAL PATHWAYS AND MOLECULAR EVENTS

1. Bioluminescence Resonance Energy Transfer (BRET) Imaging in Plant
Seedlings and Mammalian Cells . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Qiguang Xie∗, Mohammed Soutto∗, Xiaodong Xu∗, Yunfei Zhang,
and Carl Hirschie Johnson (∗equal contributors)

2. Luciferase Protein Complementation Assays for Bioluminescence Imaging
of Cells and Mice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Gary D. Luker and Kathryn E. Luker

3. Hybrid Raman-Fluorescence Microscopy on Single Cells Using Quantum Dots . . 45
Henk-Jan van Manen and Cees Otto

4. Labeling of Mesenchymal Stem Cells with Bioconjugated Quantum Dots . . . . . 61
Bhranti S. Shah and Jeremy J. Mao

5. Quantification of miRNA Abundance in Single Cells Using Locked
Nucleic Acid-FISH and Enzyme-Labeled Fluorescence . . . . . . . . . . . . . . 77
Jing Lu and Andrew Tsourkas

SECTION II IMAGING IN PRE-CLINICAL SETTINGS

6. Imaging Fate of Stem Cells at a Cellular Resolution in the Brains of Mice . . . . . 91
Khalid Shah

7. Magnetic Resonance Imaging of Brain Inflammation Using Microparticles
of Iron Oxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Martina A. McAteer, Constantin von Zur Muhlen,
Daniel C. Anthony, Nicola R. Sibson, and Robin P. Choudhury

8. Optical Characterization of Arterial Apoptosis . . . . . . . . . . . . . . . . . . . 117
Maarten F. Corsten and Abdelkader Bennaghmouch

9. Intravital Fluorescence Microscopic Molecular Imaging of Atherosclerosis . . . . 131
Farouc A. Jaffer

10. MR Imaging of Transplanted Stem Cells in Myocardial Infarction . . . . . . . . . 141
Dara L. Kraitchman, Dorota A. Kedziorek, and Jeff W.M. Bulte

11. In Vivo Imaging of the Dynamics of Different Variants of EGFR in Glioblastomas 153
Khalid Shah

vii



viii Contents

12. Fluorescence Lifetime-Based Optical Molecular Imaging . . . . . . . . . . . . . 165
Anand T.N. Kumar

SECTION III IMAGING IN CLINICAL SETTINGS

13. PET Imaging of αvβ3 Expression in Cancer Patients . . . . . . . . . . . . . . . . 183
Ambros J. Beer and Markus Schwaiger

14. Quantitative Approaches to Amyloid Imaging . . . . . . . . . . . . . . . . . . . 201
Victor L. Villemagne, Graeme O’Keefe, Rachel S. Mulligan,
and Christopher C. Rowe

15. Molecular Imaging of Myocardial Remodeling After Infarction . . . . . . . . . . 227
Johan W.H. Verjans, Susanne W.M. van de Borne, Leonard Hofstra,
and Jagat Narula

16. Dual-Radionuclide Brain SPECT for the Differential Diagnosis of Parkinsonism . 237
Georges El Fakhri and Jinsong Ouyang

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247



Contributors

DANIEL C. ANTHONY • Department of Pharmacology, University of Oxford, Oxford OX1
3QX, UK

AMBROS J. BEER • Department of Nuclear Medicine, Klinikum rechts der Isar, Technische
Universität München, Munich 81675, Germany

ABDELKADER BENNAGHMOUCH • Maastricht Molecular Imaging and Therapeutics
Laboratory (MMIT Laboratory), Department of Cardiology, Cardiovascular Research
Institute Maastricht (CARIM), Maastricht University, Maastricht 6224 ER, The
Netherlands

JEFF W.M. BULTE • Division of MR Research, Russell H. Morgan Department of
Radiology and Radiological Science; Cellular Imaging Section and Vascular Biology
Program, Institute for Cell Engineering; Department of Chemical and Biomolecular
Engineering; Department of Biomedical Engineering, Whiting School of Engineering,
Johns Hopkins University, Baltimore, MD, USA

ROBIN P. CHOUDHURY • Department of Cardiovascular Medicine, John Radcliffe
Hospital, University of Oxford, Oxford OX3 9DU, UK

MAARTEN F. CORSTEN • Maastricht Molecular Imaging and Therapeutics Laboratory
(MMIT Laboratory), Department of Cardiology, Cardiovascular Research Institute
Maastricht (CARIM), Maastricht University, Maastricht 6224 ER, The Netherlands

GEORGES EL FAKHRI • Division of Nuclear Medicine and Molecular Imaging, Depart-
ment of Radiology, Harvard Medical School, Massachusetts General Hospital, Boston,
MA 02114, USA

LEONARD HOFSTRA • Maastricht Molecular Imaging and Therapeutics Laboratory
(MMIT Laboratory), Department of Cardiology, Cardiovascular Research Institute
Maastricht (CARIM), Maastricht University, Maastricht, The Netherlands

FAROUC A. JAFFER • Cardiovascular Research Center and Cardiology Division, Center
for Molecular Imaging Research, Massachusetts General Hospital, Harvard Medical
School, Boston, MA, USA

CARL HIRSCHIE JOHNSON • Department of Biological Sciences, Vanderbilt University,
Nashville, TN 37235, USA

DOROTA A. KEDZIOREK • Division of MR Research, Russell H. Morgan Department of
Radiology and Radiological Science, The Johns Hopkins University School of Medicine,
Baltimore, MD, USA

DARA L. KRAITCHMAN • Division of MR Research, Russell H. Morgan Department of
Radiology and Radiological Science, The Johns Hopkins University School of Medicine,
Baltimore, MD, USA

ANAND T.N. KUMAR • Athinoula A Martinos Center for Biomedical Imaging, Harvard
Medical School, Massachusetts General Hospital, Charlestown, MA 02129, USA

ix



x Contributors

JING LU • Department of Bioengineering, University of Pennsylvania, Philadelphia, PA
19104, USA

GARY D. LUKER • Department of Radiology, University of Michigan, Ann Arbor, MI
48109-2200, USA;Department of Microbiology and Immunology, University of Michigan,
Ann Arbor, MI 48109-2200, USA

KATHRYN E. LUKER • Department of Radiology, Ann Arbor, MI, USA
JEREMY J. MAO • Tissue Engineering and Regenerative Medicine Laboratory, Depart-

ment of Biomedical Engineering, College of Dental Medicine, Columbia University
Medical Center, New York, NY 10032, USA

MARTINA A. MCATEER • Department of Cardiovascular Medicine, John Radcliffe
Hospital, University of Oxford, Oxford OX3 9DU, UK;Department of Pharmacology,
University of Oxford, Oxford OX1 3QX, UK

RACHEL S. MULLIGAN • Department of Nuclear Medicine, Centre for PET, Austin
Health, Heidelberg, VIC 3084, Australia

JAGAT NARULA • Department of Cardiology, University of California, Irvine, CA, USA
GRAEME O’KEEFE • Department of Nuclear Medicine, Centre for PET, Austin Health,

Heidelberg, VIC 3084, Australia; School of Physics and Department of Medicine, Univer-
sity of Melbourne, Melbourne, VIC, Australia

CEES OTTO • Department of Science and Technology, Medical Cell BioPhysics, MIRA
Institute for Biomedical Technology and Technical Medicine P.O. Box 217, 7500, AE
Enschede, The Netherlands

JINSONG OUYANG • Division of Nuclear Medicine and Molecular Imaging, Department
of Radiology, Harvard Medical School, Massachusetts General Hospital, Boston, MA
02114, USA

CHRISTOPHER C. ROWE • Department of Nuclear Medicine, Centre for PET, Austin
Health, Heidelberg, VIC 3084, Australia;Department of Medicine, University of Mel-
bourne, Melbourne, VIC, Australia

MARKUS SCHWAIGER • Department of Nuclear Medicine, Klinikum rechts der Isar,
Technische Universität München, Munich 81675, Germany

BHRANTI S. SHAH • Tissue Engineering and Regenerative Medicine Laboratory, Depart-
ment of Biomedical Engineering, College of Dental Medicine, Columbia University
Medical Center, New York, NY 10032, USA

KHALID SHAH • Molecular Neurotherapy and Imaging Laboratory, Department of
Radiology and Neurology, Harvard Medical School, Massachusetts General Hospital,
Boston, MA 02114, USA

NICOLA R. SIBSON • Experimental Neuroimaging Group, Gray Institute for Radiation
Oncology and Biology, Churchill Hospital, University of Oxford, Oxford OX3 7LJ, UK

MOHAMMED SOUTTO • Department of Biological Sciences, Vanderbilt University,
Nashville, TN 37235, USA

ANDREW TSOURKAS • Department of Bioengineering, University of Pennsylvania,
Philadelphia, PA 19104, USA

SUSANNE W.M. VAN DE BORNE • Maastricht Molecular Imaging and Therapeutics
Laboratory (MMIT Laboratory), Department of Cardiology, Cardiovascular Research
Institute Maastricht (CARIM), Maastricht University, Maastricht, The Netherlands



Contributors xi

HENK-JAN VAN MANEN • AkzoNobel Research, Development & Innovation Measure-
ment & Analytical Science Molecular Spectroscopy Group, Zutphenseweg 10, 7418 AJ,
Deventer, The Netherlands

JOHAN W.H. VERJANS • Division of Cardiology, University Medical Center Utrecht,
Utrecht, The Netherlands

VICTOR L. VILLEMAGNE • Department of Nuclear Medicine, Centre for PET, Austin
Health, Heidelberg, VIC 3084, Australia;The Mental Health Research Institute of
Victoria, Parkville, VIC, Australia

CONSTANTIN VON ZUR MUHLEN • Department of Cardiovascular Medicine, John
Radcliffe Hospital, University of Oxford, Oxford OX3 9DU, UK;Department of Phar-
macology, University of Oxford, Oxford OX1 3QX, UK

QIGUANG XIE • Department of Biological Sciences, Vanderbilt University, Nashville, TN
37235, USA

XIAODONG XU • Department of Biological Sciences, Vanderbilt University, Nashville, TN
37235, USA

YUNFEI ZHANG • Department of Biological Sciences, Vanderbilt University, Nashville,
TN 37235, USA


	Preface
	Contents
	Contributors


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




