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Immunophenotyping in acute leukaemia

In order to give patients the most effective treatment it is important to

1. distinguish acute myeloid leukaemia (AML) from acute lymphoblastic leukaemia (ALL)

2. distinguish ALL from other lymphoproliferative disorders in which the neoplastic cells have the characteristics of mature rather than immature lymphoid cells

3. distinguish acute leukaemias from things with which they might be confused, e.g. non-haemopoietic tumours

It is often possible to make a diagnosis of AML by means of cytological features, if the blast cells have granules containing enzymes typical of myeloid cells or if they have Auer rods. Cytochemical stains (myeloperoxidase, Sudan black B, chloroacetate esterase, non-specific esterase) can help with this so that many cases of AML don’t need immunophenotyping to make a diagnosis. However some cases of AML have very primitive blast cells with no granules or Auer rods and no expression of myeloid enzymes. They need immunophenotyping. Lymphoblasts cannot be distinguished from very primitive myeloblasts by microscopy so suspected ALL always need immunophenotyping. In other words, immunophenotyping is indicated in all cases of acute leukaemia that are not obviously myeloid. 


Immunophenotyping is now usually done by flow cytometry. Techniques can be adapted (cell permeabilizing techniques) so it is possible to recognize not only surface membrane antigens but also cytoplasmic and nuclear antigens. The antibodies used may be polyclonal, raised by the immunization of an animal, usually a rabbit, with normal or leukaemic cells. More often antibodies are monoclonal (McAb), being secreted by clones of cells obtained by hybridizing an antibody-producing cell with a mouse myeloma cell, thus immortalizing it. McAb resulting from this hybridoma technology are stable and their specificity can be defined. A large number of antibodies have been characterized by a number of workshops (the International Workshops on Human Leukocyte Differentiation Antigens) and those recognizing the same antigen have been allocated to a cluster of differentiation, identified by a CD number. Hybridoma technology has led to the wide availability of antibodies suitable for typing leukaemic cells and has made possible standardization of techniques. 

In the technique of flow cytometry immunophenotyping, a stream of cells, labelled with an antibody conjugated to a fluorescent dye, flows past a detector so that cells can be counted, sized (by forward light scatter) and characterized (by means of sideways light-scatter, which reflects, particularly, granularity). Co-expression of antigens on single cells or populations of cells can be detected by using two or more antibodies conjugated to different fluorochromes with specific emission spectra.  The percentage of cells expressing an antigen is measured and if two, three or four McAb are used the coexpression of different antigens can be studied. Results of flow cytometry may be more precise if analysis is performed on abnormal cell populations that have initially been selected by a process known as ‘gating’, e.g. by the use of expression of CD45 (common leucocyte antigen) combined with side-scatter analysis; CD45 expression increases as cells mature and side scatter of light is also greater in the case of more mature cells. Alternatively, it is possible to gate on B cells, T cells or probable blast cells (the latter identified by their light-scattering characteristics and CD45 expression). However there are risks in gating, if a laboratory gates on the wrong cells. For example, not all leukaemic blast cells will fall within the ‘blast window’; monoblasts and the leukaemic cells of M3 AML usually fall largely elsewhere.

McAb are expensive and there are many hundreds of CD numbers. It is therefore necessary to use a panel of a relatively small number on carefully selected antibodies with which the laboratory becomes familiar. Various expert groups have suggested standard panels. The more important McAb and polyclonal antisera (PcAb) used in acute leukaemia diagnosis and classification are shown in Table 1 and the panel recommended by the British Committee for Standards in Haematology (BCSH) In Table 2.

Table 1:  Monoclonal (or polyclonal) antibodies useful in the diagnosis and classification of acute leukaemia
	Cluster of differentiation or other specificity*
	Specificity within haemopoietic lineage

	Antibodies identifying antigens expressed mainly in haemopoietic precursors

	CD34
	primitive cells, not lineage specific

	Anti- terminal deoxynucleotidyl transferase (Anti-TdT)
	Blast cells of ALL (stronger in B-lineage than T-lineage blasts), more weakly expressed in blasts in 10–20% of AML; normal primitive cells

	Antibodies identifying antigens expressed in all leucocytes

	CD45
	Common leucocyte antigen

	Antibodies identifying antigens expressed mainly in B cells

	CD10
	Common ALL antigen; expressed on some normal B cell precursors and some B-lineage ALL (and more weakly on some T-lineage ALL)

	CD19
	B lymphocytes and precursors including blast cells of B-lineage ALL

	CD22
	B lymphocytes and in the cytoplasm of B lymphocyte precursors including B-lineage ALL

	CD79a
	B lymphocytes and precursors, also blast cells of some T-lineage ALL

	Anti-immunoglobulin and anti-gamma, anti-alpha and anti-mu immunoglobulin heavy chains
	Surface membrane expression in B cells (SmIg) but not precursors; mu cytoplasmic expression in pre-B cells 

	Antibodies identifying antigens expressed mainly in T cells

	CD1a
	Cortical thymocytes, blast cells of c. 20% of T-lineage ALL

	CD2
	Cortical and late thymocytes, mature T lymphocytes, most NK cells, blast cells of c. 80% of T-lineage ALL, leukaemias of mature T cells

	CD3
	Part of the TCR complex; membrane antigen in late thymocytes and mature T lymphocytes, expressed by blast cells in c. 25% of T-lineage ALL and in leukaemias of mature T cells 
cytoplasmic expression is found in the majority of thymocytes and blast cell of most T-lineage ALL

	CD4
	Cortical thymocytes (co-expressed with CD8), late thymocytes, subset of mature T cells, some leukaemias of mature T cells

	CD5
	Cortical and late thymocytes, some early thymocytes, T lymphocytes, blast cells of some T-lineage ALL, leukaemias of mature T cells

	CD7
	Thymocytes, majority of mature T cells, NK cells, blast cells of T-lineage ALL, subset of immature myeloid cells, blast cells of 5–15% of AML, some leukaemias of mature T cells

	CD8
	Cortical thymocytes (co-expressed with CD4), late thymocytes, subset of mature T cells, some leukaemias of mature T cells


	TCR alpha beta
	Subset of T lymphocytes and some T-lineage ALL

	TCR gamma delta
	Small subset of T lymphocytes and blast cells of some T-lineage ALL

	Antibodies identifying antigens expressed mainly in myeloid cells

	CD13
	Pan-myeloid: membrane expression in blast cells of c. 80% of cases of AML, cytoplasmic expression in a higher proportion

	CD33
	Myeloid progenitors and some maturing myeloid cells, blast cells of c. 80% of cases of AML

	CD41, CD42a, CD42b, CD61
	Platelets, megakaryocytes and megakaryoblasts

	CD117
	Haemopoietic precursors, myeloblasts, primitive erythroid cells, some megakaryoblasts, mast cells, blasts of AML

	Anti-myeloperoxidase
	Myeloid cells (granulocytic more than monocytic)—cytoplasmic expression

	Anti-glycophorin A or C
	Erythroid cells


Abbreviations: ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; c, cytoplasmic; CD, cluster of differentiation; NK, natural killer; TCR, T-cell receptor; Sm, surface membrane.

Table 2:  Panel of antibodies recommended by the British Committee for Standards in Haematology for the diagnosis and classification of acute leukaemia  

	Primary panel

	B lymphoid
	CD19, cCD22, cCD79a, CD10

	T lymphoid
	cCD3, CD2

	Myeloid
	CD13, CD117, anti-MPO

	Not lineage restricted
	TdT

	Supplementary panel for selective application

	B lymphoid
	c mu, SmIg, CD138

	T lymphoid
	CD7

	Myeloid
	CD33, CD41, CD42, CD61,                     anti-glycophorin A

	Not lineage restricted
	CD45

	Non-haemopoietic
	Antibodies for the detection of small round cell tumours of childhood and other non-haemopoietic neoplasms


Abbreviations: c, cytoplasmic; CD, cluster of differentiation; MPO, myeloperoxidase; SmIg, surface membrane immunoglobulin; TdT, terminal deoxynucleotidyl transferase

In addition to its role in the recognition of myeloid, lymphoid and mixed lineage acute leukaemia, immunophenotyping often reveals an aberrant phenotype. This can be useful in monitoring minimal residual disease after induction of remission. A much larger panel of antibodies is needed if immunophenotyping is to be used for this purpose. Minimal residual disease has been found to be of prognostic significance and its assessment influences patient management. 
Immunophenotyping in AML



Immunological markers that identify AML and distinguish it from ALL include reactivity with antibodies of the CD13, CD33 and CD117 clusters and reactivity with antibodies that recognize the myeloperoxidase (MPO) protein including its proenzyme form. A minority of cases express CD7 and TdT. CD34 is often expressed. There is often aberrant expression of one or more B- or T-lymphoid markers.

Immunophenotyping in ALL

Immunophenotyping confirms the diagnosis of ALL and separates cases into leukaemias of B lineage and of T lineage. Useful McAb for the identification of B-lineage blasts are CD19, CD79a and CD22 (the latter being most sensitive when used with a method for detection of cytoplasmic antigen—cCD22). Lymphoproliferative disorders in which there is expression of surface membrane immunoglobulin (SmIg) are now classified as non-Hodgkin lymphoma not as ALL. For T-lineage blasts, the most specific antibody is CD3, which is most sensitive when used with a technique for detection of cytoplasmic antigen (cCD3). T-cell receptor alpha beta and T-cell receptor gamma delta probably have similar specificity. CD2, CD4 and CD7 are all less specific. Since CD7 is also expressed in some cases of AML, it is inappropriate to classify a case of acute leukaemia as T-lineage ALL solely n the basis of reactivity with CD7.

The use of wider panels of antibodies permits the further separation of T-lineage and B-lineage ALL into categories that are believed to reflect the normal maturation within these lineages. More importantly, for the B-Lineage, these categories show some correlation with cytogenetic subsets of ALL and consequently indicate differences in prognosis. One proposed classification is shown in Table 3. Among B-lineage cases, common and pre-B ALL have a similar prognosis whereas the prognosis of early-B ALL is worse (probably because such cases often have MLL rearrangement).  

Table 3:  A sub-classifications of B-lineage acute lymphoblastic leukaemia proposed by the European Group for Immunophenotyping in Leukaemia (EGIL)

(All categories are positive for CD19 and/or CD79a and/or CD22; most cases, except mature B*, are TdT positive)

	Pro-B or early B
	CD10–, c mu–, SmIg–

	Common
	CD10+, c mu–, SmIg–

	Pre-B
	c mu+

	Mature B*
	c or Sm kappa or lambda 


Abbreviations: c, cytoplasmic; CD, cluster of differentiation; Ig, immunoglobulin; Sm, surface membrane; TdT, terminal deoxynucleotidyl transferase.

* Now classified as non-Hodgkin lymphoma (often Burkitt lymphoma) not as ALL

Classifications of B-lineage ALL reflect a putative normal sequence of B-cell maturation in which early cells express only TdT and pan-B antigens such as CD19, CD22 and CD79a. Subsequently there is expression of CD10 followed by the appearance of cytoplasmic mu chain, then cytoplasmic kappa or lambda chain and, finally, SmIg. CD34 is usually expressed in early and common ALL but not pre-B ALL. It is not expressed in mature B cells. TdT is usually positive in early and common ALL but may be negative in pre-B-ALL and is normally negative in mature B cells. As cytogenetic and molecular genetic investigation of cases of ALL becomes more widespread the importance of immunophenotyping in identifying unfavourable prognostic categories of B-lineage ALL is lessening. 
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