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	3. Introduction
• Flow cytometry  is the sine qua non (without which, nothing)
of the modern immunologist’s toolbox.
• It was developed by the Herzenbergs ( Leonore and Leonard)
and colleagues and found some of its earliest applications in
analyzing cells from the blood, notably lymphocyte
subpopulations.
• Flow cytometry per se is an analytical technique that
quantifies the frequencies of cells binding to fluorescent
antibodies and scattering light in characteristic ways.
 


	4. • When a  flow cytometer is adapted to sort cell subpopulations
on the basis of fluorescence and light scattering, it is referred
to as a Fluorescence Activated Cell Sorter (FACS).
• Monoclonal antibody and FACS technologies were developed
at around the same time, and the two technological
breakthroughs proved synergistic: the more antibodies that
were available for cell typing and sorting.
 


	5. Flow Cytometry
• 'Flow  Cytometry' as the name suggests is a technique for
cellcounting and measurement of different properties of the
cell (cyto'= cell; 'metry'-count/measurement).
• It is a laser based technology that measures and analyses
different physical and chemical properties of the
cells/particles flowing in a stream of fluid through a beam of
light.
 



	7. Methods:
The basic principle  of flow cytometry is based on the
measurement of light scattered by particles, and the hydro
dynamic focusing.
1) Hydrodynamic focusing
• The cells are centred in the middle and arrive one by one at
the measuring area of the flow chamber where a light source
of a defined wavelength is focused on the flow cell.
• The stained cells are excited at a particular wavelength and
emit light at a longer wavelength.
 


	8. 2) Light Scattering
•  Light scattering results when a particle deflects incident laser
light. The extent to which this happens depends on the
physical properties of a particle, namely its size and internal
complexity.
• Forward-scattered light (FSC) is proportional to the cell-
surface area or size of the cell. It is a measurement of mostly
diffracted light and detects rays that are just off the axis of the
incident laser beam dispersed in the forward direction by a
photodiode.
 


	9. • Side-scattered light  (SSC) indicates the cell granularity
or internal complexity of the cells. SSC is a measurement
of mostly refracted and reflected light that occurs at any
interface within the cell where there is a change in the
refractive index.
• The measurements of FSC and SSC are used for the
differentiation of cell types in a heterogeneous cell
population.
 



	11. Fluorescence:
• Fluorescent markers  used to detect the expression of cellular
molecules such as proteins or nucleic acids in a system.
• The fluorescent compound absorbs light energy over a range
of wavelengths that is characteristic of that compound.
• This absorption of light causes an electron in the fluorescent
compound to be raised to a higher energy level.
• The excited electron quickly decays to its ground state,
emitting the excess energy in the form of fluorescence which
is then collected by detectors.
 


	12. • In a  mixed population of cells, different fluorochromes can be
used to distinguish separate subpopulations.
• The fluorescence pattern of each subpopulation, combined
with FSC and SSC data, can be used to identify which cells are
present in a sample and to count their relative percentages.
• The electronics system then converts the detected light signals
into electronic signals that can be processed by the computer.
 


	13. • Cells passing  through the flow cell
are interrogated by the laser and
scattered and fluorescent light is
directed through the series of
mirrors and filters to the
appropriate PMTs.
• There, the induced voltages are
digitized and represented by the
software in graphical form.
• Since each parameter of light
scatter or fluorescence is recorded
for each cell detected, results can
be displayed that include any
combination of parameters for the
cell population being studied.
• A variety of display styles are
available depending on the
graphing software used by the
investigator.
 


	14. Parts of Flow  Cytometry
Fluidics
• The purpose of the fluidics system is to transport particles in a fluid
stream to the laser beam. To accomplish this, the sample is injected into
a stream of sheath fluid (usually a buffered saline solution) within the
flow chamber.
• The design of the flow chamber allows the sample core to be focused in
the center of the sheath fluid where the laser beam then interacts with
the particles.
• Focusing is achieved by injecting the sample suspension into the center
of a sheath liquid stream. The flow of the sheath fluid moves the
particles and restricts them to the center of the sample core.
 


	15. Optics System
• The  excitation optics consists of the laser and lenses that are used to
shape and focus the laser beam to the flow of the sample.
• The collection optics consist of a collection lens to collect light
emitted after the particle interacts with the laser beam and a system
of optical mirrors that divert the specified wavelengths of the
collected light to designated optical detectors.
• After a cell or particle passes through the laser light, the rays
emitted on the side and the fluorescence signals are directed to the
photomultiplier tubes (PMTs), and a photodiode collects the signals.
• To achieve the specificity of a detector for a particular fluorescent
dye, a filter is placed in front of the tubes, which allows only a
narrow range of wavelengths to reach the detector.
 


	16. Electronics system
• The  electronic system converts the signals from the detectors into
digital signals that can be read by a computer.
• Once the light signals strike one side of the PMT or the photodiode,
they are converted into a relative number of electrons that are
multiplied to create a more significant electrical current.
• The electrical current moves to the amplifier and is converted to a
voltage pulse.
• The highest point of the pulse is achieved when the particle strikes
the center of the beam, in which case the maximum amount of
scatter or fluorescence is achieved.
• The Analog-to-Digital Converter (ADC) then converts the pulse to a
digital number.
 



	18. Principles:
• Cells introduced  into the sample injection port are
focused within a stream of sheath fluid and pass one by
one in front of the laser beam.
• Forward scattered light is detected by a photodiode.
• Side-scattered light and emitted fluorescence of various
wavelengths is detected by photomultiplier tubes, after
passage through a series of diachronic mirrors and light
filters.
 


	19. • All of  the information obtained from individual cells is
integrated by the software and can be expressed in a
number of formats, such as that shown in (b).
• (b) On the left is a scatter plot of forward scatter
(abscissa) versus side scatter (ordinate) of a sample of
human white blood cells.
• Lymphocytes are gated and displayed in red. On the
right is a plot of lymphocytes stained with anti-CD4
(ordinate) or anti-CD8 (abscissa) antibodies
 


	20. Why is flow  cytometry used in immunology?
• Flow cytometry has been conventionally associated with the
use of monoclonal antibodies to identify immuno-competent
cells, to quantify changes in expression of surface
determinants, and to separate cell population subsets before
testing their functional characteristics.
• Single and dual-laser systems, developments of multicolor
fluorescence, and improvements of computing systems for
multi-parametric analysis helps in the improvement of
diagnosis, prognosis, and monitoring therapies given.
 


	21. • Advances in  flow cytometry now allow for automated,
multiparametric analyses of thousands of samples in a day.
• Each of these data sets consist of extremely detailed,
multidimensional descriptions of millions of individual cells.
• The ability to collect this data is currently outpacing the
means for data handling and analysis by computers.
• However, along with improving computer speeds and storage
capabilities, flow cytometry could facilitate the field of
immunological research.
 


	22. Applications:
• It is  used in clinical labs for the detection of malignancy in
bodily fluids like leukemia.
• Molecular biology
• Immunophenotyping
• Cell Biology
• Hematology
• Cell counting
• Pharmacology
• Protein expression
 


	23. Advantages:
• High speed  analyses (100.000 events/seg) depending on the
flow rate.
• Mesures single cells and a large number of cells.
• Simultaneous analysis multiple parameters.
• Identifies small populations.
• Quantification of flurescence intensities.
• Sorting of predefined cells populations (up to 70.000/s).
• Portable equipments.
 


	24. Disadvantages:
• Very expensive  and sophisticated instruments.
• Requiries management by a highly trained specialist and on-
going maintenance by service engineers.
• Complex instruments are prone to problems with the
microfluidics system (blockages) and also require warm-up,
laser calibration and cleaning for each use.
• Needs single cell particule.
• Tissue structure is lost.
• Litle information on intra-celular distributions.
 


	25. Limitations:
• This process  doesn’t provide information on the intracellular
location or distribution of proteins.
• Over time, debris is aggregated, which might result in false
results.
• The pre-treatment associated with sample preparation and
staining is a time-consuming process.
• Flow cytometry is an expensive process that requires highly
qualified technicians.
 


	26. Reference:
• Kuby book:7th  edition
• https://www.slideshare.net/JuhiArora6/flow-cytometry-
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Cytometry-in-Immunology.aspx
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