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Immunophenotypic analysis in lymphoproliferative disorders

Microscopy to assess cytological features of leukaemia and lymphoma cells is very useful to provide a provisional diagnosis. However, cytology alone is often inadequate for establishing a diagnosis of a specific chronic lymphoproliferative disorders (LPD) and it must be supplemented by immunophenotypic analysis; sometimes histological and immunohistochemical examination or cytogenetic or molecular genetic analysis is also needed.  The role of immunophenotyping is summarized in Table 1.

Table 1

Role of immunophenotyping in lymphoproliferative disorders

	Role
	Explanation/example

	Establishing lymphoid lineage and distinguishing LPD from other neoplastic conditions
	Large cell lymphoma may resemble acute myeloid leukaemia

	Distinguishing chronic LPD from acute lymphoblastic leukaemia (ALL) and lymphoblastic lymphoma 
	The blastic variant of mantle cell lymphoma resembles ALL cytologically; T-cell lymphomas and T-ALL can also sometimes be confused 

	Establishing clonality and thus providing presumptive evidence that a condition is neoplastic rather than reactive
	Generally straightforward for B-lineage LPD, on the basis of kappa:lambda ratio; for T-lineage LPD, a uniform immunophenotype, particularly if aberrant, suggests that a population may be clonal  

	Making a specific diagnosis
	Chronic lymphocytic leukaemia (CLL) can be distinguished form other LPD; hairy cell leukaemia has a distinctive immunophenotype and the immunophenotype can help in the diagnosis of mantle cell lymphoma

	Recognition of expression of specific antigens which may give prognostic information 
	p53 over-expression is often indicative of a worse prognosis; CD38 expression is indicative of a worse prognosis in CLL; lack of expression of p16INK4a is indicative of a worse prognosis in ALL  

	Confirmation of expression of a specific antigen if a monoclonal antibody is to be used in therapy
	Confirmation of CD20 or CD52 expression prior to rituximab or alemtuzumab therapy

	Monitoring of minimal residual disease
	In CLL, monitoring of CD19-positive, CD5-positive, CD20-weak and CD79b-negative/weak cells

	Assessment of cell harvest for stem cell transplantation
	Enumeration of CD34-positive cells and assessment of the degree of contamination, if any, by neoplastic cells


If there is lymphocytosis, immunophenotyping is most conveniently carried out on peripheral blood cells. Otherwise it can be performed on other material such as a bone marrow aspirate, dissociated cells from a lymph node or trephine biopsy specimen or ascitic or pleural fluid. Multi-colour flow cytometry on a whole blood sample, following erythrocyte lysis, is now the preferred technique. Most often three or four colour analysis plus analysis of forward light scatter (FSC) and sideways light scatter (SSC) is performed. Forward light scatter is related to the size of the cell and sideways light scatter to the granularity. Antibodies directly labelled with fluoroscein isothiocyanate (FITC), phycoerythrin (PE) and peridinium chlorophyll-protein complex (perCP) are most often employed. Ideally, PE is used for detection of the antigens most likely to be weakly expressed and PerCP is used for detection of the antigens most likely to be strongly expressed. The use of sets of three directly-labelled antibodies permits gating (e.g. on CD45-positive cells, B cells, T cells or blast cells) and permits detection of coexpression of antigens on cells of interest. Assessment of the intensity of expression of certain antigens is important. For example, CD20, CD22, CD79b and surface membrane immunoglobulin are all more weakly expressed on CLL cells than on normal cells. Permeabilising techniques, to permit detection of cytoplasmic and nuclear antigens, are essential if full information is to be obtained. Some antigens are expressed in the cytoplasm but not on the surface membrane and, in addition, some available monoclonal antibodies detect a cytoplasmic epitope, even when the protein is transmembrane (e.g. CD79a). Expression of cyclin D1, p53 and terminal deoxynucleotidyl transferase (TdT) is nuclear. 

Immunocytochemistry on fixed cells remains a useful technique for the detection of nuclear and cytoplasmic antigens, when comparison of cytology and antigen expression is required and when few cells are available for analysis.

Selection of antibodies is important. Some of the antibodies commonly used are described in Tables 2 and 3. 

Table 2.  Some monoclonal antibodies used in the characterization of chronic lymphoid leukaemias of B lineage (modified from Bain BJ, 2003).

Cluster


designation

Specificity within haemopoietic and lymphoid lineages

CD19, CD20, CD24
B lineage; CD19 and CD24 are expressed early in B-lineage 


differentiation, CD20 later; CD24 is also expressed 



in neutrophils

CD22

Most mature B cells and some B-cell precursors; cells of NHL, HCL and B-PLL.

CD23

Low-affinity FcR: expressed on activated B cells, cells of the 


majority of cases of CLL and CLL-PL and a minority of cases 


of PLL and NHL; also expressed on eosinophils, follicular 


dendritic cells and platelets

CD79a

Part of an immunoglobulin-associated heterodimeric 



membrane protein; expressed in cells of most B-cell



lymphoproliferative disorders, both mature and immature

CD79b

Part of an immunoglobulin-associated heterodimeric 



membrane protein; expressed on normal B cells and in the 


majority of cases of most lymphoproliferative disorders; 



however, expressed in only a half of lymphoplasmacytoid 


lymphoma, a quarter of cases of HCL and only a small 



minority of cases of CLL

CD5

Expressed on thymocytes and T lymphocytes and in many T-


cell malignancies; expressed on a small subset of



normal B cells, in a majority of cases of B-CLL and mantle 


cell lymphoma and in a minority of cases of B-PLL

CD10

Common ALL antigen but also expressed on some 



NHL, particularly follicular lymphomas and some plasma cell 


leukaemias and myeloma cells; more weakly expressed on 


some T-lineage ALL; expressed on some bone marrow 



stromal 
cells

CD25

Interleukin 2 receptor: expressed on activated T and B cells, 


monocytes, hairy cells and ATLL cells

CD38

Early or activated T and B cells, haemopoietic precursors, 


thymic cells, plasma cells and a subset of cases of CLL

FMC7

Subset of normal B cells, cells of majority of cases of NHL, HCL and B-PLL but not CLL (unclustered but appears to recognize a conformational epitope of CD20)


Anti-Ig*

Immunoglobulin and its constituent chains: SmIg is a pan-               anti-, ,

mature B marker; cytoplasmic heavy chain of IgM is 

, , , *

detectable in pre-B cells (c) and in plasma cells (cIg); anti-, , ,

 identify subsets of B cells and anti- and anti- are useful



for demonstrating clonality

ALL, acute lymphoblastic leukaemia; ATLL, adult T-cell leukaemia lymphoma; c, cytoplasmic; CLL, chronic lymphocytic leukaemia; CLL-PL, CLL, mixed cell type; PLL, prolymphocytic leukaemia; HCL, hairy cell leukaemia; SmIg, surface membrane immunoglobulin; NHL, non-Hodgkin’s lymphoma.

*Some polyclonal antisera are in current use.

Table 3.  Some monoclonal antibodies used in the characterization of chronic lymphoid leukaemias of T and natural killer (NK) lineages. (modified from Bain BJ, 2010).

Cluster designation
Specificity within haemopoietic lineage

CD2
Receptor for sheep red blood cell; positive in all except the earliest of T-lineage cells and on NK cells

CD3
Part of the T-cell receptor complex; expressed on 


thymocytes and T cells; expressed in the cytoplasm before it 


is expressed on the cell surface

CD5
Expressed on thymocytes and T cells 

CD7
Expressed on pluripotent stem cells, thymocytes and T cells; 


expressed in cells of some cases of acute myeloid 


leukaemia

CD4
Common and late thymocytes, subset (about two-thirds)  


of mature T cells (among which are many cells that are 


functionally helper/inducer) that recognize antigens in a 


class II context; expressed on monocytes and macrophages

CD8
Common and late thymocytes, subset (about one-third)  


of mature T cells (among which are many cells that are 


functionally cytotoxic/suppressor) that recognize antigens in 


a class I context

CD11b
C3bi complement receptor: expressed on monocytes,  


granulocytes, NK cells and hairy cells

CD16
Component of low-affinity Fc receptor, FcRIII: expressed on  


NK cells, neutrophils, macrophages

CD56
NK cells, activated lymphocytes, cells of some cases of acute 


myeloid leukaemia

CD57
NK cells, subsets of T cells, B cells and monocytes

CD25, CD38,
 Activation markers, CD25 commonly expressed in ATLL                 HLA-DR

CD30
Activated B and T cells, cells of anaplastic large cell 


lymphoma and more weakly on cells of some cases of other 


types of large cell lymphoma; Hodgkin cells and Reed–


Sternberg cells

Antibodies are used in panels and selection of an appropriate panel is of considerable importance. The British Committee for Standards in Haematology (BCSH) recommends a two step procedure with the initial panel being selected to distinguish CLL from other disorders and a second panel, for all cases that are not CLL, then being specifically selected, on the basis of cytology and the results with the primary panel. This approach is economical with reagents but requires a careful interpretation of the results of the primary panel and the cytology if the secondary panel is to be appropriate. The US-Canadian Consensus approach differs in that a single comprehensive panel is advised unless there are too few cells to permit this approach. This is more extravagant with reagents but means that full data is available on every patient. The panels recommended are similar although the philosophical approach differs (Tables 3 and 4).

Table 3

Panel of monoclonal antibodies recommended by the US-Canadian Consensus group for immunophenotyping in chronic lymphoproliferative disorders (Stewart et al. 1997)

	Lineage
	Core Panel 
	Supplementary Panel

	B
	CD5, CD10, CD19, CD20, kappa, lambda
	CD11c, CD22, CD23, FMC7 

	T/NK cell
	CD3, CD4, CD5, CD7, CD8 
	CD2, CD16, CD56, CD57, TCR((, TCR((

	Non-lineage restricted
	CD45
	CD25, CD38, BB4


Table 4

Panel of monoclonal antibodies recommended by the British Committee for Standards in Haematology for immunophenotyping in chronic lymphoproliferative disorders (Bain et al. 2002) 

	Lineage
	Core Panel 
	Supplementary Panel

	B
	CD19, CD23, CD22, CD79b, FMC7, Sm kappa and lambda
	CD11c, CD103, CD123,       c kappa and lambda, CD79a, CD138, cyclin D1 

	T/NK cell
	CD2
	CD3, CD7, CD4, CD8, CD11b, CD16, CD56, CD57, TIA-1 

	Non-lineage restricted
	CD5 (T and B cells)
	CD25, TdT


Abbreviations: Sm, surface membrane; c, cytoplasmic; TdT, terminal deoxynucleotidyl transferase

There are different approaches to interpretation of data. The most vital factor is that interpretation must always be in the light of the clinical and cytological features. For initial diagnosis, all data should be collected ungated but further information may be obtained by gating on a population of interest. If a minor population of large cells is present it can be important to gate on them. It is common for results to be interpreted as positive if the number of cells expressing a specific antigen exceeds a given threshold, which is variously 10%, 20% or 30%. It is, however, important to look at the results with a certain amount of common sense. For example, with regard to CD5, what is important in a suspected B-cell neoplasm is the percentage of B cells expressing CD5 rather than the percentage of mononuclear cells expressing CD5. Minor populations should not be ignored, For example, it may be possible to detect quite low percentages of hairy cells because of their distinctive immunophenotype. Similarly, there may be very few B cells present but if they are almost all lambda or almost all kappa that is significant. The US-Canadian consensus emphasises the importance of looking at scatter plots rather than merely percentages (Borowitz  et al. 1997).


In making a distinction between CLL and other lymphoproliferative disorders it is useful to use a scoring system, as shown in Table 5.

Table 5

 A scoring system for the immunophenotypic diagnosis of chronic lymphocytic leukaemia (CLL)  (Matutes et al. 1994, Moreau et al. 1997}

Score 1 for each of the following:

• Weak expression of SmIg

• Expression of CD5

• Expression of CD23

• No expression of FMC7

• No expression of CD79b
A score of 4 points is confirmatory of CLL
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