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4.6.1 Introduction 550

4.6.2 Physical Principles of Magnetic Particle Heating 551

4.6.2.1 Losses during Magnetization Reversal within the Particles 552

4.6.2.2 Losses Caused by Rotational Motion of Particles 554

4.6.2.3 Thermal Relaxation Effects in Magnetic Nanoparticles 555

4.6.2.4 Eddy Current Effects 558

4.6.3 Physical-Technical Implementation of the Therapy 559

4.6.3.1 Demand of Specific Heating Power 559

4.6.3.2 Parameters of the Alternating Magnetic Field 561

4.6.3.3 Optimization of the Magnetic Material 561

4.6.4 Biomedical Status of Magnetic Particle Hyperthermia 564

4.6.4.1 Studies with Animals and Cell Cultures 564

4.6.4.2 Application to Human Patients 565

References 567

4.7 Magnetic Cell Separation for Research and Clinical Applications 571

Michael Apel, Uwe A.O. Heinlein, Stefan Miltenyi, Jürgen Schmitz,

and John D.M. Campbell

4.7.1 Introduction 571

4.7.2 MACS4 Technology 572

4.7.2.1 The Concept 572

4.7.2.2 Magnetic Separation Strategies 572

4.7.2.3 Magnetic Labeling Strategies and Reagents 574

4.7.2.4 Superparamagnetic MicroBeads 575

4.7.2.5 Column Technology and Research Separators 576

4.7.2.6 CliniMACS4 Plus Instrument, and Accessories 577

XIV Contents



4.7.3 Magnetic Cell Sorting for Clinical Applications 580

4.7.3.1 Stem Cell Enrichment for Graft Engineering in Hematological

Disorders 580

4.7.3.2 NK Cells: CD56 and CD3 583

4.7.3.3 T-Cell Subset Graft Engineering Strategies 583

4.7.3.4 Antigen-Specific T Cells: Cytokine Capture System 585

4.7.3.5 Dendritic Cells (DC): CD14-derived DC, BDCA-1, BDCA-4 586

4.7.3.6 Into the Future: Cardiac Regeneration Using CD133þ Stem Cells 589

References 591

4.8 Magnetic Drug Targeting 596

Christoph Alexiou and Roland Jurgons

4.8.1 Background and History of Magnetic Drug Targeting 596

4.8.2 Regional Chemotherapies for Cancer Treatment 598

4.8.3 Current Applications of Magnetic Drug Targeting 599

4.8.3.1 In-Vitro Studies 600

4.8.3.2 In-Vivo Studies 600

4.8.4 Outlook 602

References 602

4.9 New Fields of Application 606

Wilfried Andrä and Urs Häfeli

4.9.1 Introduction 606

4.9.2 Magnetic Particle Imaging (MPI) 606

4.9.3 Magnetically Modulated Optical Nanoprobes 608

4.9.4 Magnetic Guidance 608

4.9.4.1 Small Particles Guided by Extracorporeally Generated Field

Gradients 609

4.9.4.2 Field Gradients Generated by Magnetic Implants 610

4.9.4.3 Magnetic Devices Moved by Alternating or Rotating Magnetic

Fields 610

References 611

5 Conclusions and Perspectives 613

Jens Haueisen

Index 617

Contents XV






