Ranbir Chander Sobti
Awtar Krishan
Devendra K. Agrawal Editors

Flow
(ytometry

Principles, Applications, and Clinical
Perspectives

@ Springer



Flow Cytometry: Historical Perspectives, Fundamentals,

Past and Present Instrumentations, and Applications. . ..........

K. P. Guruprasad, V. Vasudev, Hemant Agrawal, Manish Thakur,
Awtar Krishan, and Ranbir Chander Sobti

PartI Instrumentation

2

Instrumental and Experimental Quality Control in

Flow Cytometry. .. ... ... . i,

Kun Kan Edwin Lau and Xin Maggie Wang

Redox Landscape in Flow Cytometry.........................

Sini Sunny and Shweta Anil Kumar

Part I Applications in Basic Sciences

4

Unravelling Biological Complexities Through Flow Cytometric

Applications. . . ... L

Shalini Verma, Divya Pandey, Aditi Agrawal, Ashish Srivastava,
Sunil Babu Gosipatala, and Ranbir Chander Sobti

Iluminating Cell Dynamics: The Versatility of Flow Cytometry

in Molecular Biology Analysis . ..............................

Divya Jyoti, Ranbir Chander Sobti, Shivani Guleria, Aditi Sharma,
Manish Thakur, and Tejinder Kaur

Role of Flow Cytometry in Molecular Biology. .................

Madhu Sharma, Sweety Mehra, Muskan Budhwar, Ranbir Chander
Sobti, and Mani Chopra

Flow Cytometry: Revolutionizing Cellular Analysis in Spectral

and Microfluidic Dimensions. ... ............................

Divya Jyoti, Nidhi Bhardwaj, Neetika Kimta, Shivani Guleria,
Saurav Chauhan, Manish Thakur, and Tejinder Kaur

xi



xii Contents

8 Immunological Kaleidoscope: Flow Cytometry’s Colorful
Imsightinto Cells . . . ........ ... ... ... ... . .. . i
Aaliya Ali, Aparajita Sharma, Tejinder Kaur, Ranbir Chander Sobti,
and Manish Thakur

9  Flow Cytometric Inmunophenotyping of Leukocytes
and Neutrophils Subsets in Bone Marrow, Peripheral Blood
and Liver Tissue . .......... ... ... .. . .
Sachin Kumar and Madhu Dikshit

10 Plant DNA Analysis: Estimation of Nuclear DNA Content
in Plant Homogenates. . .. ........... ... ... ... .. .. .. ...
Latha Rangan, Bimal K. Chetri, Alok Senapati, Supriyo Basak,
and Rahul G. Shelke

11 Role of Flow Cytometry in Microbiological Sciences ..............
Asmita Lohia and Azhar Khan

Part IIl Applications in Clinical and Transplantation Sciences

12 Applications of Flow Cytometry in Scientific Research and
the Clinic . .. ... ... . .
Janaki K. Iyer

13 Flow Cytometric Monitoring of the Redox Status in Health
and Disease . ............ ... ...
Mehelana Saha, Chaitali Karmakar, Aniruddha Bagchi, Ayan
Pradhan, Deblina Sarkar, and Mitali Chatterjee

14 Multicolor Flow Cytometry in Medical Research: A Versatile
Tool to Evaluate the Rare Immune Cells in the Pathogenesis
of Chronic Viral Infections. . ..................................
Meenakshi Sachdeva, Komal Sharma, and Sunil K. Arora

15 Flow Cytometry Approach to Differentiate Resident Versus
Infiltrated Macrophages in Atherosclerosis . . ....................
Vikrant Rai, Hoangvi Le, and Devendra K. Agrawal

16 Cytokine Analysis in Leukemia and Minimal Residual Disease
(MRD) Detection Through Flow Cytometry .....................
Gurjeet Kaur, Ajay Prakash, and Bikash Medhi

17 Flow Cytometry in Transplantation . ...........................
Dharmendra Jain and Pranav Dorwal

18 Applications of Flow Cytometry in Transplant Medicine. . .........
Rupa Joshi, Gurjeet Kaur, Nitika Garg, Chandan Mishra,
Ajay Prakash, and Bikash Medhi

19 Flow Cytometry Based Residual Disease Monitoring
in Haematolymphoid Neoplasm. . . . ............ ... .. ... ......
Khaliqur Rahman



Contents

20 Clinical Significance of Flow Cytometry in Solid Organ
Transplantation. . .......... ... ... ... ... .
Yoginder Pal Singh, Ajay Kumar Baranwal, and Narinder
Kumar Mehra

Part IV Translational, Stem Cells and Regenerative Studies

21 An Introduction to Multiparametric Flow Cytometry
in Translational Research. . . ..................................
Chithra K. Pushpan, Sini Sunny, and Sithara Thomas

22 Stem Cell and Microvesicles Analysis. ..........................
Seema Bansal, Rishabh Chaudhary, Nitin Bansal, and Bikash Medhi

23 Translational Flowcytometry for Repopulating Cells
in Regenerative Medicine. . . ............ ... ... ... .. .. ... ...
Jessy John, Remya Kommeri, and Finosh G. Thankam

Part V Flow Cytometry in Drug Design and Toxicology Studies

24 Flow Cytometry in Drug Design and Delivery....................
Ashutosh Singh, Rahul Soloman Singh, Gladson David Masih,
Amit Raj Sharma, Gitika Batra, Benjamin Suroy, Ajay Prakash, and
Bikash Medhi

25 Flow Cytometry in Toxicology: Illuminating Cellular Responses . . . .
Rahul Soloman Singh, Gladson David Masih, Ashutosh Singh,
Gitika Batra, Benjamin Suroy, and Bikash Medhi

Part VI Flow Cytometry and Environmental Studies

26 Exploring the Role and Potential of Flow Cytometry in Advancing
Environmental Research . ....................................
Indu Sharma, Anuradha Sharma, Neha Negi, and Ranbir
Chander Sobti

27 Role of Flow Cytometry in the Analysis of Micro/Nano Plastics . . . ..
Harpreet Singh, Sanjeev Puri, and Madhu Khatri

Xiii

427



	Introduction and Preface
	Briefly the Flow Cytometry has Applications in

	Contents
	About the Editors
	1: Flow Cytometry: Historical Perspectives, Fundamentals, Past and Present Instrumentations, and Applications
	1.1	 Introduction
	1.2	 Historical Perspectives
	1.2.1	 Evolutionary Flow Chart of Flow Cytometry
	1.2.2	 Eighty-Nine Years of Technological Innovation

	1.3	 Principle of Conventional Flow Cytometry
	1.4	 Fundamentals of Flow Cytometer
	1.4.1	 Components of Conventional Flow Cytometer
	1.4.2	 Data Analysis

	1.5	 Past and Present Instrumentations
	1.5.1	 Fluorescence-Activated Cell Sorter (FACS)
	1.5.2	 Imaging Flow Cytometry
	1.5.3	 Artificial Intelligence and Machine Learning in Flow Cytometry
	1.5.4	 Mass Cytometry
	1.5.5	 Full Spectrum Flow Cytometry
	1.5.6	 Small Bench-Top Analysers

	1.6	 Applications of Flow Cytometry
	1.7	 Limitations of Flow Cytometry
	1.8	 Conclusions
	References

	Part I: Instrumentation
	2: Instrumental and Experimental Quality Control in Flow Cytometry
	2.1	 Introduction
	2.2	 Instrument QC
	2.2.1	 Key Factors in Instrument Performance
	2.2.2	 Samples for Instrument QC
	2.2.3	 Optical Alignment
	2.2.4	 Instrument Performance Monitoring
	2.2.5	 The QC Data Interpretation
	2.2.6	 Reproducibility

	2.3	 Experimental QC
	2.3.1	 Reagent QC
	2.3.1.1	 Antibody Validation
	2.3.1.2	 Antibody Titration
	2.3.1.3	 Gating Controls
	2.3.1.4	 Unstained Control
	2.3.1.5	 Fluorescence Minus One (FMO) Control
	2.3.1.6	 Isotype Control
	2.3.1.7	 Biological Controls
	2.3.1.8	 Compensation Controls
	2.3.1.9	 Controls for Longitudinal Studies

	2.3.2	 Other Considerations
	2.3.2.1	 Sample Collection and Processing


	2.4	 Conclusion
	References

	3: Redox Landscape in Flow Cytometry
	3.1	 Introduction
	3.2	 Redox Analysis Through Flow Cytometry
	3.3	 Pros and Cons of Redox Phenotyping Through Flow Cytometry
	3.4	 Future of Redox Phenotyping Through Flow Cytometry
	References


	Part II: Applications in Basic Sciences
	4: Unravelling Biological Complexities Through Flow Cytometric Applications
	4.1	 Introduction
	4.2	 Applications of Flow Cytometry
	4.3	 The Significance of Intracellular Staining in Cellular Research
	4.4	 Key Intracellular Targets
	4.5	 Intracellular Staining with Flow Cytometry: Methodologies and Techniques
	4.5.1	 Cell Fixation and Permeabilization
	4.5.2	 Selection of Fluorochromes and Antibodies

	4.6	 Traditional Methods vs. Flow Cytometry for Intracellular Staining
	4.7	 Controls and Compensation in Intracellular Staining
	4.7.1	 Receptor Expression Determination by Using Flow Cytometry

	4.8	 Flow Cytometry in Stem Cells
	4.9	 Stem Cell Purity and Viability Assessment
	4.10	 Sorting and Isolation of Stem Cells
	4.11	 Stem Cell Sorting for Regenerative Medicine
	4.12	 Functional Assays and Differentiation Studies
	4.13	 Stem Cell Heterogeneity and Clonal Analysis
	4.14	 Monitoring Stem Cell Surfaceome
	4.14.1	 Genomic and Proteomic Profiling

	4.15	 Applications in Disease Modelling and Drug Screening
	4.16	 Emerging Technologies and Future Prospects
	4.17	 Microbiome Analysis: A Multifaceted Challenge
	4.18	 Flow Cytometry in Microbiome Analysis
	4.18.1	 Quantification of Microbial Abundance
	4.18.2	 Viability Assessment
	4.18.3	 Discrimination of Microbial Subpopulations:
	4.18.4	 High-Throughput Screening
	4.18.5	 Single-Cell Functional Profiling

	4.19	 Case Studies and Applications
	4.19.1	 Marine Microbiome Analysis
	4.19.2	 Gut Microbiome Research
	4.19.3	 Environmental Microbiomes

	4.20	 Challenges and Considerations
	4.20.1	 Sample Heterogeneity
	4.20.2	 Selection of Fluorescent Probes
	4.20.3	 Data Analysis and Interpretation
	4.20.4	 Cross-validation

	4.21	 Numerous Approaches Exist for Using Flow Cytometry in the Investigation of Cell Signaling
	4.22	 Applications of Flow Cytometry in Cell Signaling Research
	4.23	 Conclusion
	References

	5: Illuminating Cell Dynamics: The Versatility of Flow Cytometry in Molecular Biology Analysis
	5.1	 Introduction
	5.2	 Role of Flow Cytometry in Molecular Biology
	5.2.1	 Cell Sorting
	5.2.2	 Cell Cycle Analysis
	5.2.3	 Chromosome Analysis and Sorting
	5.2.4	 Fluorescent Protein Analysis
	5.2.5	 Fluorescence In Situ Hybridization (FISH)
	5.2.6	 Analysis of Apoptosis
	5.2.6.1	 Measurement of Apoptotic Markers
	5.2.6.2	 Detection of Changes in Plasma Membrane
	5.2.6.3	 Detection of Caspase-3 Activity
	5.2.6.4	 Fragmentation of DNA


	5.3	 Conclusion
	References

	6: Role of Flow Cytometry in Molecular Biology
	6.1	 Introduction
	6.2	 Fundamentals of Flow Cytometry
	6.2.1	 Components of a Flow Cytometer
	6.2.2	 Fluorescence and Its Use in Flow Cytometry
	6.2.3	 Forward Scatter (FSC) and Side Scatter (SSC) Measurements and Their Significance

	6.3	 Applications of Flow Cytometry in Molecular Biology
	6.3.1	 Fluorescence-Activated Cell Sorting (FACS)
	6.3.2	 Cell Cycle Analysis
	6.3.3	 Apoptosis Detection and Characterization
	6.3.4	 Gene Expression Analysis
	6.3.5	 Intracellular Signalling Pathways
	6.3.6	 Immunophenotyping
	6.3.7	 Functional Assays for Molecular Insights
	6.3.8	 Cell Cloning and Line Establishment
	6.3.9	 High-Throughput Screening in Molecular Pathway Analysis

	6.4	 Technological Advancements and Future Prospects
	6.5	 Conclusion
	References

	7: Flow Cytometry: Revolutionizing Cellular Analysis in Spectral and Microfluidic Dimensions
	7.1	 Introduction
	7.1.1	 Background
	7.1.2	 Advantages
	7.1.3	 Disadvantages

	7.2	 Conventional Flow Cytometer
	7.2.1	 Fluidic Systems
	7.2.2	 Electronic Systems
	7.2.3	 Detectors
	7.2.4	 Spectral Compensation

	7.3	 Cell Sorters
	7.4	 Advancements in Flow Cytometry
	7.4.1	 Spectral Flow Cytometry (SFCM)
	7.4.2	 Mass Cytometry
	7.4.3	 Imaging Flow Cytometry
	7.4.4	 Fluorescent Cell Barcoding (FCB)
	7.4.5	 Microfluidic Flow Cytometry
	7.4.5.1	 Impedance (Micro-) Flow Cytometry (IFC)


	7.5	 Conclusion
	References

	8: Immunological Kaleidoscope: Flow Cytometry’s Colorful Insight into Cells
	8.1	 Introduction
	8.2	 Flow Cytometry: The Instrument
	8.3	 Applications of Flow Cytometry in Immunology
	8.3.1	 Cell Sorting
	8.3.2	 Exploring Cellular Heterogeneity
	8.3.3	 Antigen-Specific Responses
	8.3.4	 Intracellular Cytokine Analysis
	8.3.5	 Proliferation Analysis
	8.3.6	 Immunophenotyping
	8.3.7	 Functional Assays
	8.3.8	 Apoptosis and Cell Viability
	8.3.9	 Cell Signaling Analysis
	8.3.10	 Immunological Imaging
	8.3.11	 Other Applications of Flow Cytometry
	8.3.11.1	 Absolute Cell Counting


	8.4	 Quantitative Flow Cytometry
	8.5	 Multiplexed Bead Array Assays
	8.6	 Phagocytosis Assays
	8.7	 Small Particle Analysis and Sorting
	8.8	 Conclusion
	References

	9: Flow Cytometric Immunophenotyping of Leukocytes and Neutrophils Subsets in Bone Marrow, Peripheral Blood and Liver Tissue
	9.1	 Introduction
	9.2	 Details of Staining Protocol
	9.2.1	 Experimental Procedures
	9.2.2	 Isolation of Peripheral Blood Leukocyte from the Mouse Blood
	9.2.3	 Isolation and Enrichment of Bone Marrow Leukocytes
	9.2.4	 Leukocyte Fractionation from Liver and Neutrophils Enrichment
	9.2.5	 Immunophenotyping of Peripheral Blood and Isolated Leukocytes from Bone Marrow and Liver
	9.2.6	 Flow Cytometric Analysis of Blood Leukocytes Using the Stain-Lyse-Wash Technique
	9.2.7	 Immunolabelling Protocol for Leukocyte from Bone Marrow or Liver Tissue

	9.3	 Flow Cytometry Data Acquisition and Analysis
	9.3.1	 Key Points to Remember for Neutrophil Isolation and Handling

	9.4	 Conclusions
	Appendix
	10× Red Blood Cell (RBC) Lysis Buffer
	Hank’s Balanced Salt Solution (HBSS)
	HBSS-BSA

	References

	10: Plant DNA Analysis: Estimation of Nuclear DNA Content in Plant Homogenates
	10.1	 Introduction
	10.2	 The Historical and Latest Development of Nuclear DNA Content Analysis of Plant
	10.3	 Role of Isolation Buffer
	10.4	 Isolation Buffer
	10.5	 Plant DNA Standards
	10.6	 Plant DNA Analysis Protocol
	10.6.1	 Preparation of Nuclei Extraction Buffer
	10.6.2	 Preparation of Plant Material
	10.6.3	 Extraction of Nuclei
	10.6.4	 Standardization
	10.6.5	 Flow Cytometric Analyses
	10.6.5.1 Comments

	10.6.6	 Calibration
	10.6.7	 Data Analysis and Interpretation

	10.7	 Application of Flow Cytometry in Plants with some Examples
	10.7.1	 Nuclear Genome Size
	10.7.2	 Ploidy Analysis
	10.7.3	 Cell Cycle Analysis
	10.7.4	 Cell Sorting
	10.7.5	 Functional Assays
	10.7.6	 Immunophenotyping
	10.7.7	 Plant Cell Sorting for Regeneration
	10.7.8	 Quantification of Fluorescent Markers

	10.8	 Conclusion
	Annexures
	Annexure I. Common Terminologies
	Annexure II. Different DNA Isolation Buffers and Limitations
	Annexure III. List of Nuclear DNA Content for some Angiosperms

	References

	11: Role of Flow Cytometry in Microbiological Sciences
	11.1	 Introduction
	11.2	 General Applications of Flow Cytometry in Microbiology
	11.3	 Flow Cytometry in Marine Microbiology
	11.4	 Flow Cytometry in Environmental Microbiology
	11.5	 Flow Cytometry in Food Microbiology
	11.6	 Flow Cytometry in Clinical Microbiology
	11.7	 Conclusions
	References


	Part III: Applications in Clinical and Transplantation Sciences
	12: Applications of Flow Cytometry in Scientific Research and the Clinic
	12.1	 Introduction
	12.2	 Fluorophores
	12.3	 Instruments
	12.4	 Controls
	12.5	 Applications
	12.5.1	 Cell Counting
	12.5.2	 Immunophenotyping
	12.5.3	 Evaluating Cell Proliferation and Cell Death
	12.5.4	 Drug Discovery
	12.5.5	 Evaluation of Transfection or Transduction in Scientific Research
	12.5.6	 Detecting and Studying Pathogens

	12.6	 Protocols
	12.6.1	 Detecting Cell Surface Proteins by Flow Cytometry
	12.6.2	 Detecting Intracellular Proteins by Flow Cytometry
	12.6.3	 DNA Staining for Determining Cell Proliferation, Apoptosis, or Cell Cycle Analysis

	References

	13: Flow Cytometric Monitoring of the Redox Status in Health and Disease
	13.1	 Redox System in Health and Disease
	13.2	 Sources of Cellular ROS/RNS (Table 13.1)
	13.3	 Generation of ROS is Associated with Inflammation
	13.4	 Redox Status in Diseases
	13.5	 Atherosclerosis
	13.6	 Neurodegenerative Diseases
	13.7	 Systemic Lupus Erythematosus (SLE)
	13.8	 Rheumatoid Arthritis (RA)
	13.9	 Vitiligo
	13.10	 Can modulating the Redox Status Be a Therapeutic Approach?
	13.10.1 Plant-Derived Compounds with Immunomodulatory Activity as Anticancer Agents
	13.10.2 Attenuation of Oxidative Stress by Allylpyrocatechol in Synovial Cellular Infiltrate of Patients with Rheumatoid Arthritis

	13.11	 Leishmaniasis
	13.12	 Probes to Monitor the Redox Status
	References

	14: Multicolor Flow Cytometry in Medical Research: A Versatile Tool to Evaluate the Rare Immune Cells in the Pathogenesis of Chronic Viral Infections
	14.1	 Introduction
	14.2	 Flow Cytometry to Study the Dendritic Cells During Chronic Viral Infections
	14.2.1	 Assessing Functional Status of mDC

	14.3	 Memory Stem Cells and Chronic Viral Infections
	14.4	 Flow Cytometry to Study the Memory Stem Cells
	14.5	 Summary
	References

	15: Flow Cytometry Approach to Differentiate Resident Versus Infiltrated Macrophages in Atherosclerosis
	15.1	 Introduction
	15.2	 Macrophages
	15.3	 Immunophenotyping Techniques
	15.4	 Flow Cytometry
	15.5	 Immunophenotyping of Macrophages in Atherosclerosis
	15.6	 Cell Preparation and Flow Strategy for Macrophages
	15.7	 Limitations in Macrophage Immunophenotyping
	15.8	 Conclusion
	References

	16: Cytokine Analysis in Leukemia and Minimal Residual Disease (MRD) Detection Through Flow Cytometry
	16.1	 Introduction
	16.2	 Molecular Regulators in Leukemia
	16.3	 Factors Causing Multidrug Resistance in Leukemia
	16.4	 The Cytokine Milieu: A Window into Leukemic Microenvironment
	16.5	 MRD Detection by Flow Cytometry: Advantages and Challenges
	16.6	 Conclusion
	References

	17: Flow Cytometry in Transplantation
	17.1	 Introduction
	17.2	 Details
	17.2.1	 Compatibility Assessment in Transplantation
	17.2.2	 Flow Cytometry in Transplantation
	17.2.3	 HLA Typing
	17.2.4	 HLA Antibody Screen and Identification
	17.2.5	 Advancement in Cytometry and Transplantation
	17.2.6	 Future of Cytometry in Transplantation

	17.3	 Conclusion
	References

	18: Applications of Flow Cytometry in Transplant Medicine
	18.1	 Introduction
	18.2	 Pretransplant Applications
	18.3	 Posttransplant Applications
	18.3.1	 Posttransplant HLA Antibody Monitoring
	18.3.2	 Recent Applications

	References

	19: Flow Cytometry Based Residual Disease Monitoring in Haematolymphoid Neoplasm
	19.1	 Introduction
	19.2	 Determinants of MRD Assessment
	19.2.1	 Preanalytical Determinants
	19.2.2	 Analytical Determinants
	19.2.3	 Post-Analytical Determinant

	19.3	 B-ALL MRD
	19.4	 T-ALL MRD
	19.5	 AML MRD
	19.6	 MM MRD
	19.7	 CLL MRD
	19.8	 Conclusion and Summary
	Bulk Lysis Protocol
	References

	20: Clinical Significance of Flow Cytometry in Solid Organ Transplantation
	20.1	 Introduction
	20.2	 Flow Cytometry Crossmatch Test
	20.3	 Principle of the Flow Crossmatch (FCXM)
	20.4	 Procedure
	20.5	 Analysis and Interpretation of Results
	20.6	 Recent Modification
	20.6.1	 Rapid Optimized Flow Cytometric Crossmatch Assays (The Halifax and Halifaster Protocol)

	20.7	 Limitations of the Test
	20.8	 Donor HLA-Specific Flow Crossmatch (DSA-FXM)
	20.9	 Conclusion
	References


	Part IV: Translational, Stem Cells and Regenerative Studies
	21: An Introduction to Multiparametric Flow Cytometry in Translational Research
	21.1	 Introduction
	21.2	 Principles of Multiparametric Flow Cytometry
	21.3	 Advantages of Multiparametric Flow Cytometry
	21.4	 Use in the Diagnosis and Management of Diseases
	21.5	 In Drug Development
	21.6	 Applications and Use of High-Dimensional Data Analysis with Flow Cytometry
	21.7	 Conclusion
	References

	22: Stem Cell and Microvesicles Analysis
	22.1	 Introduction
	22.2	 Techniques for Stem Cell Analysis
	22.2.1	 Flow Cytometry in Stem Cell Analysis
	22.2.2	 Immunocytochemistry in Stem Cell Analysis
	22.2.3	 Gene Expression Profiling in Stem Cell Analysis
	22.2.4	 Single-Cell RNA Sequencing (scRNA-Seq) in Stem Cell Analysis
	22.2.5	 Western Blotting in Stem Cell Analysis
	22.2.6	 Mass Spectroscopy in Stem Cell Analysis
	22.2.7	 Fluorescence Microscopy in Stem Cell Analysis
	22.2.8	 Confocal Microscopy in Stem Cell Analysis
	22.2.9	 Transmission Electron Microscopy (TEM) and Scanning Electron Microscopy (SEM) in Stem Cell Analysis
	22.2.10	 Atomic Force Microscopy (AFM) in Stem Cell Analysis
	22.2.11	 Rheology in Stem Cell Analysis

	22.3	 Techniques for Microvesicles Analysis
	22.3.1	 Nanoparticle Tracking Analysis (NTA) in Microvesicle Analysis
	22.3.2	 Dynamic Light Scattering (DLS) in Microvesicle Analysis
	22.3.3	 Transmission Electron Microscopy (TEM) in Microvesicle Analysis
	22.3.4	 Enzyme-Linked Immunosorbent Assay (ELISA) in Microvesicle Analysis
	22.3.5	 Mass Spectrometry in Microvesicle Analysis
	22.3.6	 Resistive Pulse Sensing (RPS) in Microvessicle Analysis
	22.3.7	 Surface Plasmon Resonance (SPR) for Microvesicle Analysis
	22.3.8	 Atomic Force Microscopy (AFM) for Microvesicle Analysis
	22.3.9	 Raman Spectroscopy in Microvesicle Analysis

	22.4	 Conclusion
	References

	23: Translational Flowcytometry for Repopulating Cells in Regenerative Medicine
	23.1	 Background
	23.2	 Basic Principle
	23.3	 Cell Sorting Principle
	23.4	 FC in Specific Primary Cell Isolation and Expansion
	23.5	 FC in Immune Cell Enrichment and Sorting
	23.6	 FC in Single Cell Analysis
	23.7	 FC in Haematopoietic Stem Cell Transplantation
	23.8	 FC in MSC Phenotyping
	23.9	 FC in Cell Reprograming
	23.10	 Challenges in FACS for Cell Sorting and Repopulation
	23.10.1	 Technical Challenges

	23.11	 Sorting-Induced Cellular Stress (SICS)
	23.12	 Drop Delay
	23.13	 Contamination of Cell Suspension
	23.14	 Errors in Sorting
	23.15	 Aerosols During Sorting and Safety
	23.16	 Advances in Cell Sorting/FACS
	23.17	 Advances in Fluorochromes Used for FACS Analysis
	23.18	 Summary
	References


	Part V: Flow Cytometry in Drug Design and Toxicology Studies
	24: Flow Cytometry in Drug Design and Delivery
	24.1	 Introduction
	24.2	 Fundamentals of Flow Cytometry
	24.2.1	 Principles of Flow Cytometry
	24.2.2	 Components of a Flow Cytometer
	24.2.3	 Types of Flow Cytometers

	24.3	 Sample Preparation for Flow Cytometry
	24.3.1	 Types of Samples for Flow Cytometry
	24.3.2	 Sample Preparation Techniques
	24.3.3	 Quality Control of Samples

	24.4	 Data Analysis in Flow Cytometry
	24.4.1	 Types of Data Generated by Flow Cytometry
	24.4.2	 Data Analysis Software
	24.4.3	 Interpretation of Flow Cytometry Data

	24.5	 Applications of Flow Cytometry in Drug Design and Delivery
	24.5.1	 Drug Discovery and Development
	24.5.2	 High-Throughput Screening
	24.5.3	 Receptor Pharmacology
	24.5.4	 Drug Delivery

	24.6	 Future Directions of Flow Cytometry in Drug Design and Delivery
	24.6.1	 Emerging Technologies in Flow Cytometry
	24.6.2	 Potential Applications of Flow Cytometry in Drug Design and Delivery

	24.7	 Conclusion
	24.7.1	 Importance of Flow Cytometry in Drug Design and Delivery
	24.7.2	 Future Prospects for Flow Cytometry in Drug Design and Delivery

	References

	25: Flow Cytometry in Toxicology: Illuminating Cellular Responses
	25.1	 Definition and Principles of Flow Cytometry
	25.2	 Toxicology
	25.3	 Fundamentals of Toxicology
	25.4	 Toxicants and Their Effects
	25.5	 Types of Toxicological Responses
	25.6	 Technique and Methodologies
	25.6.1	 Sample Preparation Methods (Li et al. 2004; Flow Cytometry Sample Preparation Buffers and Reagents – US n.d.)
	25.6.1.1	 Fixation and Permeabilization
	25.6.1.2	 Detergent-Based Cell Membrane Rupture
	25.6.1.3	 Enzymatic Cell Disruption
	25.6.1.4	 Freeze-Thawing

	25.6.2	 Staining and Labeling Techniques (Givan 2011; Picot et al. 2012; Flow Cytometry (FACS) Staining Protocol (Cell Surface Staining) n.d.)
	25.6.2.1	 Fluorescent Dyes
	25.6.2.2	 Fluorescently Labeled Antibodies
	25.6.2.3	 Flow Cytometry-Based Protein Analysis
	25.6.2.4	 Immunocytochemistry

	25.6.3	 Applications of Flow Cytometry in Toxicological Studies
	25.6.3.1	 Analysis of Cytotoxicity Using Flow Cytometry Technique to Determine Toxicological Parameters
	The Steps to Determine Cytotoxicity Using Flow Cytometry Typically Include Labeling of Both Effector and Target Cells, Viability Dye Staining, and Data Analysis and Interpretation
	Requirement of Cytotoxicity Assay
	Advantages of Using Flow Cytometry Technique for Cytotoxicity Studies
	Limitations of Using Flow Cytometry Techniques for Cytotoxicity Studies
	Recent Advancement in Flow Cytometry Techniques for Analysis of Cytotoxic Parameters

	25.6.3.2	 Evaluation of Cell Proliferation and Cell Cycle Using Flow Cytometry Technique to Determine Toxicological Parameters
	Common Cell Cycle Markers Used in Flow Cytometry for Toxicological Analysis Include
	Steps Involved in Determining Cell Cycle and Cell Proliferation for Toxicological Analysis in Clinics Using Flow Cytometry
	Advantages of Using Flow Cytometry Technique for Analysis of Cell Cycle and Cell Proliferation
	Limitations of Using Flow Cytometry Technique for Analysis of Cell Cycle and Cell Proliferation
	Recent Advancement in Flow Cytometry Technique for Analysis of Cell Cycle and Cell Proliferation

	25.6.3.3	 Analysis of Immunophenotyping Using Flow Cytometry Technique to Determine Toxicological Parameters
	Sample Preparation and Handling
	Instrument Setup and Data Acquisition
	Antibody Labeling and Staining
	Data Analysis and Interpretation
	Advantages of Using Flow Cytometry for Immunophenotyping in Toxicological Studies
	Limitations of Using Flow Cytometry for Immunophenotyping in Toxicological Studies
	Recent Advancement in Flow Cytometry Technique for Immunophenotyping in Toxicological Studies

	25.6.3.4	 Analysis of Oxidative Stress Using Flow Cytometry Technique to Determine Toxicological Parameters
	Requirements for Determining Oxidative Stress Using Flow Cytometry
	Advantages of Using Flow Cytometry Technique in Determining Oxidative Stress for Toxicological Studies
	Limitations of Using Flow Cytometry Technique in Determining Oxidative Stress for Toxicological Studies
	Recent Advancements of Using Flow Cytometry Technique in Determining Oxidative Stress for Toxicological Studies



	25.7	 Conclusion
	References


	Part VI: Flow Cytometry and Environmental Studies
	26: Exploring the Role and Potential of Flow Cytometry in Advancing Environmental Research
	26.1	 Introduction
	26.2	 Principles of Flow Cytometry
	26.3	 Basic Components of a Flow Cytometer
	26.3.1	 Fluidics System
	26.3.2	 Optics System
	26.3.3	 Electronic System
	26.3.4	 Conventional Methods Used for Environmental Studies
	26.3.4.1	 Culture-Dependent Method
	26.3.4.2	 Culture-Independent Methods

	26.3.5	 Types of Flow Cytometers Used in Environmental Research
	26.3.6	 Sample Preparation and Staining in Environmental Studies
	26.3.6.1	 Sample Preparation
	26.3.6.2	 Staining

	26.3.7	 Analysis and Interpretation of Flow Cytometry Data

	26.4	 Data Analysis Software and Tools for Environmental Flow Cytometry
	26.5	 Data Visualization Software/Tools for Environmental Flow Cytometry
	26.6	 Data Normalization and Transformation
	26.6.1	 Applications in Environmental Research

	26.7	 Role of Flow Cytometry in Environmental Research
	26.7.1	 Studies on Water Quality Assessment
	26.7.2	 Air Quality and Bioaerosol Assessment
	26.7.2.1	 Investigations of Microbial Dynamics in Aquatic Ecosystems
	26.7.2.2	 Tracking Harmful Algal Blooms and Their Impact on the Environment
	26.7.2.3	 Applications Contributing to Antimicrobial Resistance Control

	26.7.3	 Advantages and Limitations of Flow Cytometry in Environmental Research
	26.7.3.1	 Benefits of Flow Cytometry Compared to Traditional Methods
	26.7.3.2	 Challenges and Limitations of Flow Cytometry in Environmental Studies

	26.7.4	 Future Directions and Emerging Trends

	26.8	 Conclusion
	References

	27: Role of Flow Cytometry in the Analysis of Micro/Nano Plastics
	27.1	 Introduction
	27.2	 MPs/NPs and Their Toxicity
	27.3	 Flow Cytometry for Analysis of MPs/NPs
	27.3.1	 Fluorescence Staining of MPs/NPs
	27.3.2	 Identification and Quantification of MPs/NPs Using Flow Cytometry
	27.3.3	 Flow Cytometry for Study of Uptake and Distribution of MPs/NPs

	27.4	 Conclusion and Future Remarks
	References



