
Contents 

Part I Biology 

Intravital Multiphoton Imaging of  Immune Cells 3 
Jo Keeble, Chi Ching Goh, Yilin Wang, Wolfgang Weninger, 
and Lai Guan Ng 

1 Introduction 3 
2 Multiphoton Microscopy 4 
3 Intravital Skin Imaging Model 5 

3.1 The Skin: An Important Immunological Site 5 
3.2 The Mouse Ear Skin Model 6 
3.3 Visualizing Immune Cells in the Vasculature and Skin . . .  6 
3.4 Data Processing and Presentation 9 
3.5 Intravital Multiphoton Imaging Considerations 10 

4 The Missing Link in Multiphoton Microscopy: Software 
Development 11 
4.1 Image Acquisition and Data Management 11 
4.2 Spectral Unmixing 11 
4.3 Image Analysis 12 
4.4 Towards Standardized Imaging 12 
4.5 Data Interpretation and Presentation 13 

5 Concluding Remarks 13 

Functional MRI of Neural Plasticity and Drug Effect in the Brain 17 
Kai-Hsiang Chuang and Fatima A. Nasrallah 

1 Introduction 17 
2 MRI of Neural Plasticity after Nerve Amputation 18 
3 MRI of Neural Plasticity after Learning 20 
4 MRI of  Drug Effect 22 
5 Concluding Remarks 23 

http://d-nb.info/1016561423

http://d-nb.info/1016561423


XIV Contents 

Automated Identification and Analysis of Visual Micro-experiments on 
Cellular Microarray 27 
Auguste Genovesio 

1 Background 27 
1.1 The High Throughput Screening 27 
1.2 The High Content Screening 28 
1.3 The High Content Screening in practice 28 

2 High Content Cellular Microarray 30 
3 Conclusion 31 

Part II Physics and Chemistry 

Persistent Luminescence Nanoparticles for Bioimaging 37 
Cyrille Richard, Thomas Maldiney, Quentin le Masne de Chermont, Johanne 
Seguin, Nicolas Wattier, Gabriel Courties, Florence Apparailly, Michel 
Bessodes, and Daniel Scherman 

1 Introduction 38 
2 Persistent Luminescence Nanoparticles from Silicate-Host 38 

2.1 Synthesis of Enstatite-like Silicates: MgSiCb, 
ZnMgSi2C>6 and Cao.2Zno.9Mgo.9Si206 doped with 
EU2 + ,  Dy3 +  and Mn 2 +  3 9  

2.2 Characterization of Synthesized Nanomaterials 40 
3 Chemical Surface Functionalization of Silicates 41 

3.1 Obtention of Nanoparticles of Different Sizes 41 
3.2 Characterization of the Nanoparticles by DLS and TEM . 42 
3.3 Surface Functionalization 44 
3.4 Characterization of the Functionalized PLNP 44 

4 Bioimaging with Persistent Luminescence Nanoparticles 46 
4.1 Principle 46 
4.2 Influence of Coating on the Biodistribution of 180nm 

PLNP 46 
4.3 Influence of Nanoparticle Diameter and PEG Chain 

Length on the Biodistribution in Healthy Mice 47 
4.4 Biodistribution of PEG-PLNP in Tumor Bearing Mice . . .  48 
4.5 PLNP for Imaging Inflammation in a Mouse Model of 

Arthritis 50 
5 Conclusion - 51 

Bioimaging Probes Development by DOFLA (Diversity Oriented 
Fluorescence Library Approach) for in Vitro, in Vivo and Clinical 
Applications 55 
Seong-Wook Yun and Young-Tae Chang 

1 Visualizing Is Proving 56 
2 More Questions to Be Addressed in Post-Genomic Era 57 
3 Fluorescent Microscopy 57 
4 Fluorescent Small Molecules 58 



Contents X V  

5 Diversity Oriented Fluorescence Library Approach 59 
5.1 In Vitro Screening 60 
5.2 Cell-Based Screening 60 
5.3 Tissue-Based Screening 61 
5.4 Whole Organism Screening 62 

6 Multimodality Probe 62 
7 Conclusion 63 
References 64 

In Vivo Electron Paramagnetic Resonance and Imaging in Biomedical 
Science 67 
Yves-Michel Frapart 

1 EPR and EPR Imaging 67 
2 EPR and EPR Imaging Molecular Probes 70 
3 In Vivo EPR and EPR Imaging Apparatus 71 
4 In Vivo EPR Spectroscopy and Its Applications 71 
5 EPR Imaging on Endogenous Radical 72 
6 EPR Imaging Using Molecular Probes 72 
7 Oxymetry 73 
8 Mathematical Treatment of the EPR Signal to Get an EPR Image . 73 
9 EPR Imaging and Anatomical Repositioning 74 
10 Conclusion 75 
References 75 

Intra-Operative Ex-Situ and In-Situ Optical Biopsy Using Light-CT . . . .  77 
Martine Antoine, Brigitte Sigal, Fabrice Harms, Anne Latrive, Adriano 
Burcheri, Osnath Assayag, Bertrand de Poly, Sylvain Gigan, and A. Claude 
Boccara 

1 Introduction: Virtual Pathology Using Light-CT 77 
2 Proof of Concept: Fixed Tissues 78 
3 Intra-Operative Studies: Fresh Tissues 80 
4 Tomographic Light-CT Approach: Proof of Principle 82 
5 Conclusion and Future Trends 84 
References 84 

Photothermal Laser Material Interactions - From the Sledgehammer to 
Nano-GPS 85 
Jonathan Hobley, David Paramelle, Paul Free, David G. Fernig, Shinji 
Kajimoto, and Sergey Gorelik 

1 Photothermal Fundamentals 85 
1.1 Light Conversion to Heat 85 
1.2 How Hot Does It Get? 89 
1.3 Photothermal and Photoacoustic Effects 90 
1.4 Photothermal Refractive Index Change and Lensing 96 



XVI Contents 

2 Photothermal Imaging 99 
2.1 Overview 99 
2.2 Fluorescent Probes 99 
2.3 Nanoparticle Probes 101 
2.4 Photothermal Heterodyne Imaging 103 
2.5 Photothermal Tracking Microscopy 104 

3 Conclusions and Future Vistas 105 
References 108 

Dual Axes Confocal Microendoscope 113 
Wibool Piyawattanametha 

1 Introduction 114 
2 Single Axis Confocal Architecture 115 

2.1 Configuration of  Optics 115 
2.2 Resolutions 116 
2.3 Commercial Systems 117 

3 Dual Axes Confocal Architecture 118 
3.1 Configuration of Optics 118 
3.2 Coordinates Definition 119 
3.3 Point Spread Function 120 
3.4 Dynamic Range 122 
3.5 Post-Objective Scanning 123 
3.6 Improved Rejection of Scattering 124 

4 Tabletop Dual Axes Confocal Imaging Instruments 128 
4.1 Horizontal Cross-Sectional Imaging Instrument 129 
4.2 Vertical Cross-Sectional Imaging Instrument 130 

5 MEMS-Scanner Based Dual Axes Confocal Imaging Instruments . 134 
5.1 MEMS Scanner Architecture 134 
5.2 Theoretical Analysis 135 
5.3 Device Fabrication 136 
5.4 Device Characterization 138 

6 Dual Axes Scanhead 139 
6.1 Scanhead Design 139 
6.2 Scanhead Alignment and Packaging 140 
6.3 Instrument Control and Data Acquisition 142 

7 Prototype Systems 143 
7.1 Handheld Instrument 143 
7.2 Endoscope-Compatible Instrument 143 

8 Imaging Results 1 145 
8.1 Reflectance Imaging 145 
8.2 Ex Vivo Fluorescence Imaging 146 

9 In Vivo Fluorescence Imaging 147 
10 Conclusions and Future Directions 149 
References 151 



Contents XVII 

Part III Digitized Histopathology 

Ontology-Enhanced Vision System for New Microscopy Imaging 
Challenges 157 
Nicolas Lomenie and Daniel Racoceanu 

1 Introduction 157 
2 Breast Cancer Grading 158 

2.1 Digitized Pathology 158 
2.2 Anatomical and Workflow Ontology: OWL 160 

3 Low-Level Signal Processing 160 
4 High-Level Processing 161 

4.1 Rules and Reasoning 164 
5 Results \ 166 
6 Conclusion 171 
References 171 

Computational Approaches for the Processing of  Cerebral Histological 
Images of  Small Animals 173 
Julien Dauguet 

1 Introduction 173 
1.1 Brief History of Histology 173 
1.2 From Sections to Images 175 
1.3 Virtual Microscopy, Digital Microscopy 176 

2 3D Reconstruction of  Series of Histological Slices 177 
2.1 3D Region of Interest 177 
2.2 Using 3D Atlases 178 
2.3 Voxel-wise Statistical Comparison 179 

3 Large Dimensions Microscopy Images 180 
3.1 Viewing Large Images 180 
3.2 Processing Large Images 181 

4 In Vivo / Post Mortem Correlation 183 
4.1 Estimation of a 3D Warping Transformation to Correct 

the Deformations 184 
4.2 Correlation for Comparison 185 
4.3 Correlation for Improved Information 186 

5 Conclusion 187 
References 187 

Part IV Image Analysis 

Liver Workbench: A Tool Suite for Liver and Liver T\imor Segmentation 
and Modeling 193 
Jiayin Zhou, Wei Xiong, Feng Ding, Weimin Huang, Tian Qi, Zhimin Wang, 
Thiha Oo, and Sudhakar Kundapur Venkatesh 

1 Introduction 193 
2 System Overview 194 



XVIII Contents 

3 Segmentation of Liver and Liver Tumors 195 
3.1 Flipping-free Mesh Deformation for Liver Segmentation .195 
3.2 SVMs-Based Voxel Classification and Propagational 

Learning for Liver Tumor Segmentation 199 
3.3 Implementation 200 
3.4 Experiments and Evaluation Metrics 201 

4 Probabilistic Liver Atlas Modeling 202 
5 Experiments and Results 203 

5.1 Liver and Tumor Segmentation Results 203 
5.2 Probabilistic Liver Atlas Modeling Results 205 

6 Conclusions 207 
References 207 

* 

A Bag-of-Words Model for Cellular Image Segmentation 209 
Li Cheng, Ning Ye, Weimiao Yu, and Andre Cheah 

1 Introduction 209 
2 Our Approach 211 

2.1 Features 211 
2.2 A Bag-of-words Model: Code, Superpixel-based Code . . 2 1 2  

3 Datasets and Performance Evaluation 214 
3.1 The Datasets 214 
3.2 Performance Evaluation 215 

4 Experiments 216 
5 Outlook and Discussion 216 
References 220 

Knowledge Based and Statistical Based Approaches in Biomedical 
Image Analysis 223 
Florence Cloppet and Thomas Hurtut 

1 Introduction 223 
2 Challenges 225 
3 Knowledge-Based Approaches for Cell Extraction 226 

3.1 Segmentation of Complex Nucleus Configurations 227 
3.2 Extraction of Neurons Embedded in a Network 229 

4 Statistical Modeling and Synthesis of Element-Based 
Biomedical textures 230 

5 Conclusion 234 
References 234 

Glossary 237 

Index 243 


