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Outlines

 Overview of the flow cytometry principles.

 Applications of flow cytometry

 Normal antigen differentiation of hematopoietic cells.

 Flow cytometry principles in the diagnosis of leukemia and lymphoma.

 Minimal Residual Disease detection by flow cytometry



Flow Cytometry

• Flow cytometry is a technique used to measure the 
physical and chemical properties of cells or cellular 
components. 

• Cells are measured individually, but in large 
numbers.



Flow Cytometry

 Analyzes a population of live cells on a cell-by-cell basis

 Fast (up to 10,000 cells/second)

 Simultaneously measure multiple parameters

 A powerful tool with multiple applications

https://www.bdbiosciences.com/en-us/learn/applications/multicolor-flow-cytometry



Flow Cytometry

https://www.bdbiosciences.com/en-us

 Contain 3 systems (Fluidics, Optics, Electronics)

Introduction to Flow Cytometry: A learning Guide- BD Biosciences 2012



Advantages of Flow cytometry technique

• its ability to measure a large number of parameters (10 or more) on 

the same sample (Simultaneous analysis of multiple parameters)

• its ability to collect information from millions of cells in a matter of 

minutes. (High speed analysis)

• Identifies small populations



What are the limitations of flow cytometry?

 The laser can only analyze one cell at a time, 

 Cells must be in suspension to be analyzed 

 Highly trained operators are required 

 Cells must be viable to be analyzed

 Expensive



Applications of flow cytometry

 Immunophenotyping

 Cell cycle analysis

 Cell sorting

 DNA content

 Cell proliferation

 Apoptosis



Immunophenotyping

 A process used to identify cells, based on the type of antigens or markers on the 
surface of the cell.

 It is one of the applications of flow cytometry

 The technique is called “Immunophenotyping” for two reasons:

 It is dependent on the activity of antibodies, which are immunological 
substances

 It is used to identify lymphoid and hematopoietic cells, which are part of 
the immune system



Application of flow cytometry in acute leukemia

• The diagnosis and classification

• Detection of antigens used as therapeutic targets (Therapy)

• Detection of residual neoplastic cells following therapy 
(Prevention of relapse)



Hematopoietic system

All hematopoietic cells arise from 
hematopoietic stem cells

Stem cells can be identified due to expression of:

• Bright CD34 and CD133
• Intermediate CD45
• Dim to absent CD38
• Variable CD90
• Dim CD123, CD117, HLA-DR, CD13, CD33



Antigen expression in normal cells

• Antigen expression in normal cells are highly regulated process

• Antigens expressed is consistent and reproducible patterns with 
maturation



Normal B cell Maturation

Wood and Borowitz (2006) Henry’s Laboratory Medicine



Normal T cell Maturation



Normal Granulocyte differentiation



Normal Monocyte differentiation



Abnormal population identification

Neoplastic 

• Aberrant expression: Expression of antigens not normally 
expressed by cell type or lineage

• Abnormally increased or decreased levels of expression

• Asynchronous antigen expression



Lineage assignment in acute leukemia

Lineage 
independent 

Antigens

Lineage specific antigens

B Cell T cell Myeloid

CD34-Stem cell 
marker

CD19 CD3 CD13

HLA-DR CD22 CD7 CD33

CD10 cCD22 CD5 CD117

CD45- Leukocyte 
common Antigen

cCD79a cCD3 cMPO

CD4, CD8 CD14-Monocytic 
marker



Common markers in acute leukemia diagnosis

All Lymphoid cells: CD45+

B cells: CD19, CD20, CD10, CD22, cCD22, CD23, cCD79a, cCD79b, sIgM, cIgM, Kappa/Lambda

T cells: CD2, CD3, CD5, CD7, CD4, CD8, cCD3, TCR alpha/beta, TCR gamma/delta

Myeloid cells: CD13, CD33, CD14, CD117, cMPO

Megakaryocytic cells: CD41, CD42, CD61

NK cells: CD16, CD56, CD57

Blasts: CD34, TdT

Plasma cells: CD38, CD138, Kappa/Lambda



Panel design strategies

Principle Example

At least one marker for population identification Use of CD19 for B cells

Multiple markers of same lineage and maturational 
stage to identify inappropriate expression levels

Use of CD2, CD3, CD4, CD5, CD7, CD8 simultaneously 
to evaluate mature T cells

Multiple markers of same lineage, but different 
maturational stage to identify normal and abnormal 
expression

Use of CD13 and CD16 simultaneously to identify 
neutrophilic maturation

Separation of different cell lineage Use of CD11b and CD15 simultaneously to separate 
monocytic and neutrophilic maturation

Detection of clonality Use of Kappa & Lambda in combination with a B cell 
marker i.e, CD19



EuroFlow antibody Panels for Immunophenotyping 
of leukemias



Screen Tube
Fluorochrome Antibody Volume(uL)

FITC CD8 20

PE CD7 20

PerCP Cy5.5 CD4 15

PE-Cy7 CD19 3

APC CD10 5

APC-H7 CD3 3

V450 CD20 5

V500c CD45 4

Leukemia/lymphoma immunophenotyping panel



EuroFlow- Cytoplasmic panel



EuroFlow- BALL panels



EuroFlow - TALL panels



EuroFlow - AML panels



Minimal Residual Disease (MRD) Detection 
in Hematopoietic Malignancies



EuroFlow – MRD Panels (B Lineage ALL)

Fluorescence V450 V500 FITC PE PerCPCy5.5 PC7 APC APC-
H7

Tube 1 CD20 CD45 CD81 CD66c/CD123 CD34 CD19 CD10 CD38

Tube 2 CD20 CD45 CD81 CD73/CD304 CD34 CD19 CD10 CD38

Day 29:

Fluorescence FITC PE PerCPCy5.5 PC7 APC APC-H7

Tube 1 Syto-16 CD20 CD34 CD19 CD10 CD45

Day 8:



COG MRD Panels – (B Lineage ALL)

Tube # FITC PE PerCp Cy5.5 PC7 APC APC-H7

Tube 1 CD20 CD10 CD38 CD19 CD58 CD45

Tube 2 CD9 CD13/CD33 CD34 CD19 CD10 CD45

Tube 3 Syto-16 - CD3 CD19 CD71 CD45

Fluorescence FITC PE PerCp Cy5.5 PC7 APC APC-H7

Tube 1 Syto-16 CD20 CD34 CD19 CD10 CD45

Day 29:

Day 8:
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COG- Tube 2
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COG MRD Panels - T lineage ALL

Tube # PB FITC PE PE-TR PE-Cy5 PE-Cy7 A594 APC APC-H7

1 CD16 cCD3 CD7 _ CD56 CD5 CD38 CD3 CD45

2
CD8-

BV421 CD48 CD5 CD34 CD16+56 CD3 CD4 CD7 CD45



COG MRD Panels- AML

Tube # PB FITC PE PE-TR PE-CyX PE-Cy7 A594 APC APC-A700 APC-H7

1 DR CD15 CD33 CD19 CD117 CD13 CD38 CD34 CD71 CD45

2 DR CD64 CD123 CD4 CD14 CD13 CD38 CD34 CD16 CD45

3 _ CD56 CD7 _ CD5 CD33 CD38 CD34 _ CD45



Fluorochrome APC FITC PE PE-Cy7 V450 PerCP-

Cy5.5

APC-H7 V500

Antibody CD10 CD66b CD22 CD34 CD20 CD38 CD24 CD45



Thank You


