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The module is designed to give a basic introduction to flow cytometry, introducing the major applications. It will also give you an understanding of the different methods of data analysis. In addition to the text and illustrations, you will be supplied with data files of typical applications. You will be asked to analyse these files using a computer program downloaded from the Internet. 

To obtain full benefit from these lectures, you will either need access to PC-compatible computer running Windows 3.1 or Windows 95 or 98 or a Macintosh running either a Virtual PC or SoftWindows.

Recommended reading

Ormerod, M.G. (1999). Flow Cytometry. 2nd edition. Bios, Oxford. ISBN 1 85996 107 X. This book can be ordered over the Internet from www.amazon.com. 

Additional resource

Ormerod, M.G. (2000). Data analysis in flow cytometry – a dynamic approach. 2nd edition. Available on CD-ROM from the author.

Lectures

1. Introduction
2. The flow cytometer
3. Data analysis
4. Immunofluorescence - I
5. Immunofluorescence - II
6. Analysis of DNA
7. Other flow cytometric methods
8. Some clinical applications
9. Cell proliferation
10. Cell death

1. 
Introduction 

Outline

This lecture answers the question, What is flow cytometry? It describes the principles underlying the technique, explains its advantages and disadvantages and outlines the major applications. The last part of the lecture introduces some of the concepts used in data analysis.

Content

What is flow cytometry?

The flow system

Light scatter

Fluorescence measurement

Layout of the flow cytometer

Multiparametric measurement

Advantages of flow cytometry

Disadvantages of flow cytometry

Sample preparation

Applications

Data display

2. The flow cytometer 

Outline

On completing the lecture, you should know about the components of a flow cytometer and be aware of the main features of the different instruments that are commercially available. 

Content

Introduction

The flow chamber

Optics

Detectors

Signal processing

Cell sorting

A brief overview of the current range of commercial machines 

3. Data analysis 
Outline
The lecture introduces the program used for data analysis, WinMDI. When you have finished the lecture, you should be familiar with the major functions of the program. You should also have a clear understanding of how flow cytometric data is analysed, using ‘gates’.

Content

Introduction to the data analysis program

The concept of gating

Using Boolean logic

Colour gating

Back gating

4. Immunofluorescence - I 

Outline

The lecture describes the methods used for labelling cellular antigens using specific antibodies, the properties of the different fluorochromes used to label antibodies, the problems arising from the overlap of the fluorescence spectra and the method used to correct for this spectral overlap.

Content

Using antibodies to detect antigens on cells

Sample preparation and staining

Fluorochromes used for immunofluorescence

Spectral overlap

Additional material

1. Fluorescence

2. Energy transfer

5. Immunofluorescence - II 

Outline

The lecture describes the methods used to stain intracytoplasmic and nuclear antigens and methods used to quantify the number of antigens per cell. It also describes methods used for internal and external quality control.

Content

Staining intracellular antigens

Statistical analysis

Quality control

Antigen quantification

Determining cell numbers

The CD classification for human leucocytes

6. Analysis of DNA 

Outline

At the end of the lecture, you should understand how flow cytometry can be used to measure DNA ploidy and to analyse the cell cycle. You are introduced to a computer program used for cell cycle analysis.

Content

The cell cycle and the DNA histogram

Definitions

Cell preparation

Methods for staining DNA 

Excluding clumps of cells from the analysis

Quality control 

Example of the analysis of a DNA histogram

Computer analysis of cell cycle phases

Measurement of a DNA histogram in combination with immunofluorescence 

7. Other flow cytometric methods 

Outline

The lecture describes other techniques used in flow cytometry, which might be used in a variety of applications. Some of the particular applications are also described.

Content

Kinetic analysis of intracellular enzymes

Loading dyes into cells

Measuring plasma membrane permeability

Following changes in membrane potential

Using fluorescence ratiometric methods 

Measuring intracellular oxidative species

Measuring intracellular glutathione

Long term labels for cells

Analysing and sorting chromosomes

Microbead technology 
8. Some clinical applications 

Outline

This lecture introduces you to most of the major applications of flow cytometry in the clinical laboratory.

Content

Introduction

Immunophenotypic analysis of leukemias and lymphomas

Detection of minimal residual disease

Stem cell enumeration 

Solid organ transplantation

Detection of autoantibodies

HIV infection

Foeto-maternal haemorrhage

Immunodeficiency diseases

Paroxysmal nocturnal haemoglobinuria

Reticulocyte analysis 

Platelet function 

Measurement of phagocytosis
9. Cell proliferation 

Outline

The last two lectures describe how the methods described in the other lectures can be applied to two particular areas of study – cell proliferation and cell death. In this lecture, you will learn about methods used to follow the movement of cells through the cell cycle, in vitro and, for tumours, in vivo.

Content

Introduction

The BrdUrd/anti-BrdUrd method

Measuring cell proliferation through the division of label between daughter cells 

Measuring expression of cell cycle related proteins

10. Cell death 

Outline

The last lecture looks at another area, which has recently been the subject of intense research. It will show you how a variety of flow cytometric methods can be applied to its study. You will also learn how these methods might be applied in a clinical research study.

Content

Cell death

Measuring cell death by necrosis

Following the apoptotic cascade by flow cytometry 

Counting apoptotic cells

Clinical application

Further reading

Most books on flow cytometry are expensive. If your library has any of the following books, you might want to refer to them. However, the course is self-contained and can be followed without these additional books.

Books on flow cytometry

Givan, A.L. (1992) Flow Cytometry. First Principles. Wiley-Liss, New York.

Melamed, M.R., Lindmo, T. and Mendelsohn, M.I. (eds.) (1990) Flow Cytometry and Sorting. 2nd Edition. Wiley-Liss, Inc., New York.

Radbruch, A. (ed.) (1992) Flow Cytometry and Cell Sorting. Springer-Verlag, Berlin. 

Shapiro, H.M. (1995) Practical Flow Cytometry. 3rd Edition. Alan R. Liss, Inc., New York.

Watson, J.V. (1991) Introduction to Flow Cytometry. Cambridge University Press, Cambridge.

Practical methods

If you need recipes for preparing cells for different applications of flow cytometry, you will find one or more of the following books useful.

Practical books on flow cytometry

Bauer, K.D., Duque, R.E. and Shankey, T.V. (eds)(1992) Clinical Flow Cytometry Principles and Applications Williams and Wilkins, Baltimore.

Darzynkiewicz, Z., Robinson, J.P. and Crissman, H.A. (eds) (1994) Flow Cytometry. Methods in Cell Biology, 41 & 42, Academic Press, Inc, San Diego.

Jaroszeski, M.J. and Heller, R. (eds.) (1998) Flow Cytometry Protocols. Methods in Molecular Biology, 91, Humana Press, Towowa, NJ.

Macey, M.G. (ed.) (1994) Flow Cytometry: Clinical Applications. Blackwell Scientific, Oxford.

Ormerod, MG (ed.) (2000) Flow Cytometry. A Practical Approach. 3rd edn. IRL Press at Oxford University Press, Oxford.

Robinson, J.P., Darzynkiewicz, Z., Dean, P., Orfao, A., Rabinovitch, P., Stewart, C., Tanke, H. and Wheeless, L. (1999). Current Protocols in Cytometry. Wiley, New York.







