
Flow cytometry measures optical (i.e. physical) and fluorescence characteristics 

of single cells (or any other particle..). Physical properties, such as size and 

internal complexity, can resolve certain cell populations. 

Brown M and Wittwer , Clinical Chemistry, 2000

General principles: physical parameters
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Overview of a flow-cytometer

TO ANALYZE INDIVIDUALLY THE CELLS, LETTING 
THEM PASS IN A DETECTION CHAMBER, WITH 

A HIGH SPEED OF ANALYSIS. 

The detection system is composed of: light 
sources, optical group, detector
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Operating principles of a flow cytometer

1)Cells from a heterogeneous population are aspirated from the tube 
and placed into a flow chamber where they are separated from each 
other. 

2)Each single cell is then crossed by a beam of light which excites the 
fluorochromes and causes the emission of a fluorescent signal. 

3)The signal passes through a system of filters and mirrors and 
reaches a detector. 

4)It is then processed electronically, transformed from analog to 
digital and sent to the analyzer, which processes the data and 
displays it via a graph. 

5)Using deflection plates, the analyzed cells can be collected 
separately through a process called "sorting».



Main advantages of Flow-Cytometry 

• Single cell analysis

• Heterogenous populations of cells, 
gating of the population to be analyzed

• Analysis of rare events (even <1%)

• Simultaneous analysis of numerous parameters 
per cell

• Fast results from many samples
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•Analysis of a high number of events (in the order of at least 106 cells)

•Low analysis time (sec)



Maecker HT, McCoy JP, Nussenblatt R. Nat Rev Immunology 2012; 12: 191-200

Complexity of measurements in Flow Cytometry: many variables



Sample preparation

Bone Marrow Aspirates

Bone Marrow

Ficoll-Paque

Centrifugation

Plasma

MNCs
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Defining a gate means 
drawing a region around 
the population you plan 

to analyze

LINFOCYTES

MONOCYTES

GRANULOCYTES

MORPHOLOGICAL GATE

How to analyse a sample: side scatter vs forward scatter
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granularity

…distinguish the three major leukocyte populations as if looking at them under a microscope



Forward Scatter…cell size

Forward scatter (FS) results from the refraction of light by the surface of 
the particles. Before being collected by the sensor, the light signal is 
filtered to reduce its intensity. The light signal is converted into an 

electrical pulse, this pulse is proportional to the size of the particles.

Segnale elettrico



Side Scatter…granularity of the cells

The laser light deflected by the granularity of the cells 
creates Side Scatter (SS) or 90° light scatter. The electrical 
signal produced will therefore be proportional to the 
structural complexity of the cell.



PMT=tubi fotomoltiplicatori

Emission of 
fluorescent light 
from different 
fluorochromes
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The intensity of fluorescence is directly proportional to the 
density of antigen receptors present on the cell
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The intensity of fluorescence is directly proportional to the 
density of antigen receptors present on the cells
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SS Vs FS SS Vs CD45

MORPHOLOGICAL GATE IMMUNOLOGICAL GATE

Using an antigenic 
parameter to 
determine the 
populations to be 
analyzed

Morphological Gate and Immunologic gate 
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The fluorescences 
represented in the 
histogram take into 

consideration only the 
events that fall within 

region A

Fluorescences 
collected on the total 
sample: NOT IN GATE!

The statistical 
values of the 

populations are 
different

The importance of the gate



The cursors can be of different types and can be used both as statistical indicators and 
as gates:

Amorphous cursor

Rectangular Cursor

Linear Cursor Quadrant cursor

Quantification of the cellular populations



Monoparametric histogram
Side scatter

Peak determined by lymphocytes: internal 
structure not very complex

Peak determined by monocytes: medium 
complex internal structure

Peak determined by granulocytes: very rich 
in cytoplasmic organelles

The Side Scatter signal is directly proportional to the 
structural complexity of cells



Monoparametric histogram
fluorescence FL2

Peak of CD4 positive cells, high 
fluorescence intensity

Low intensity peak of fluorescence 
(Background), CD4 negative cells

Cursor “D”: determining the statistic

The intensity of the 
fluorescence (average 

accumulation channel) is 
directly proportional to the 

density of the antigens 
present on the cell

CD4 PE



Clinical application of flow cytometry techniques

Jaye LA et al, J Immunol 2012



Analytical path for the diagnosis, classification and monitoring of 
acute leukemias using flow cytometry

Sample processing

Identification of the leukemic population
(gate lineage/CD45/SSC)

Blast counting (% of total nucleated cells)

Assignment of hematopoietic lineage

B-LLA

T-LLA

LMA
MPAL

Further characterization of blasts

- Lineage heterogeneity 
- Immunological classification 
- Prognosis and profile for MRD

Report 

- Answer to the diagnostic question 
-Classification according to standards 
-Information relevant to prognosis or treatment. 



Immature/abnormal cells

Borowitz MJ et al, Am J Clin Pathol, 1993 

The addition of a lineage marker together with CD45 improves the 
resolution of the tumor population

Blasts
B lymphos

T lymphos

Monocytes

normoblats

At least 30,000 nucleated cells for each tube in order to guarantee a sensitivity of 1% in the identification of leukemic 

cells and residual normal cells (cluster of 300 events).



Lineage discrimination as a mandatory step

Appropriate treatment

§ BCP-ALL  needs  strong  positivity  in  ≥2  of  the  four  antigens 

# For  T-ALL,  (i)CD3  positivity  must  be  either  strong,  or  if  rated  weak  at  least  one 
of  two  additional requirements must be fulfilled: 

• (i)CD3 should be expressed on a separate blast population as bright or nearly as bright as on 
normal T cells  and/or CD2 and/or CD5 should be any positive in addition.



Gating Strategy and internal controls

Blasts CD19

T lymphocytes are negative 
and serve as a negative 
internal control marker

If I use a marker like 
CD5 positive for T cells, 
B cells are negative



Minimal residual disease in acute lymphoblastic leukemia

treatment
diagnosis Morphologic

evaluation Under or 
overtreatment
 due to low 
sensitivity and 
specificity of
 morphology



Flow cytometry is a method used to study minimal residual disease

Gaipa et al  Cytometry B, 2013
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Assessment of 
• Clinical response
• Toxicityinfusion Time-points (weeks)

• CAR expansion kinetics
•  CAR phenotype:

- memory differentiation
- helper/cytotoxic phenotype
- activation markers
- exhaustion/senescence markers 

• MRD
• B-cell aplasia
• immune reconstitution
• cytokines secretion

Flow cytometry platform
Ability for simultaneous detection of
multiple parameters on a single cell
(Kalos M et al,. Sci.Transl. Med. 2011,

Kochenderfer JN et al, Nat. Rev. Clin.

Oncol 2013)

Flow cytometry in CAR-T therapy: an innovative application



C.F. Magnani et al, JCI 2020• CAR T cells were effective in promoting ablation of malignant CD19+ cells in PB and BM. 
• CD19+ cell ablation was achieved in association with expansion and persistence of CAR T 
cells, even in a patient with massive BM blast infiltration persisting after lymphodepletion 

Monitoring simultaneous of MRD e CARCIK-CD19 cells



The production process of CAR cells



Monitoring of CAR expression

Staining a due passaggi

1. hCD33Fc 

2. anti-FC coniugato con un fluorocromo(2-step)
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Evaluation of the phenotype of CAR T cells



Cytokine release: intracellular test



Proliferation test



In vivo evaluation of the anti-tumor activity of CAR cells
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Flow cytometry in translational biotechnology(I)

Detectare cellule umane in un modello di trapianto eterotopico



Flow cytometry in translational biotechnology(II)



In recent years, CFM has achieved considerable diffusion, both in clinical 

laboratories and in research laboratories. 

As we have seen, it is an extremely important tool also in the field of advanced 

therapies. Factors that contributed to this remarkable development: the 

possibility of using multiple emission lasers, which allows multiparametric 

analyzes to be carried out in 4 or more colours; the availability of MoAbs 

labeled with a wide range of fluorochromes and directed against a very wide 

variety of membrane and/or intracellular Ags; reducing costs and complexity in 

using the tool.

Flow Cytometry today


