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Man with B cell lymphoma.  Best way to distinguish clonality is when they all show:

a) CD19

b) CD20

c) CD5

d) K light chain

e) IgM

Circulating leukocytes can be subdivided into several groups, characterised on morphology, cell surface markers and biological function.  There are 2 families of molecular structure on the cell surface – clusters of differentiation and adhesion molecules.  There’s an overlap between these 2 families and certain adhesion molecules have also been assigned CD numbers.

	Cluster designation
	Tissue distribution
	Function

	CD19
	All mature B cells
	Signal transduction

	CD20
	All mature B cells
	Involved in cell activation; may be a calcium channel

	CD5
	T and B cells
	Ligand for CD52


NEJM ARTICLE ON CELLULAR ORIGIN OF HUMAN B-CELL LYMPHOMAS

In humans, the development of B cells in the bone marrow is initiated by the assembly of genes for the variable regions of the heavy and light chains of antibodies in B-cell progenitors, mediated by a process called V(D)J recombination. There are many different V, D, and J segments in the germ line, and therefore each B cell generates a particular pair of genes for its heavy-chain variable region and a pair for its light-chain variable region that differ from those of other B cells and encode a distinct antibody.1 These distinct gene rearrangements also equip each B cell with individual, molecular clonal markers — an essential feature for the analysis of B-cell lymphomas. The expression of antibody as an antigen receptor on the surface of B cells is critically important for the development and survival of B cells. In development, the cells go through an ordered program of V(D)J rearrangements in which the only surviving cells are those that have acquired heavy- and light-chain variable-region genes that can be translated into protein because they preserve the correct reading frame ("in-frame rearrangements").2 Cells with out-of-frame V(D)J rearrangements die by programmed cell death (apoptosis). In mature B cells, the expression of an antigen receptor is also essential for cellular survival, because induced deletion of the receptor in vivo leads to rapid cell death.3In addition to the expression of antigen receptors as such, receptor specificity is crucial for B cells throughout their life. In the bone marrow, newly formed B cells expressing autoreactive receptors either are removed by apoptosis or "edit" their receptors by means of secondary V(D)J rearrangements. Once this process of receptor editing (mostly resulting in the replacement of one light chain by another) leads to the expression of an "innocent" B-cell receptor, the B cell leaves the bone marrow to become a mature, naive (i.e., not yet exposed to any antigen) B cell.4 The modification of the specificity of the B-cell antigen receptor by genetic means is resumed in a later phase of B-cell differentiation in germinal centers in the course of T-cell–dependent immune responses.

Naive B cells represent about 60 percent of all B cells in the peripheral blood. These cells can be subdivided into CD5– and CD5+IgM+IgD+ B cells, the former being the presumed precursors of germinal-center B cells. About 15 percent of peripheral-blood B cells are CD5+ B cells.

Memory B cells acquire somatic mutations in their variable-region genes in germinal centers14,15 and classically have been identified on this basis, although there is no definite proof that somatic hypermutation in humans occurs only in germinal centers. These cells can be further distinguished from naive cells by the expression of the CD27 (and, at least in the spleen, also the CD148) surface antigen, which may thus represent a general marker for memory B cells. In adults, memory B cells constitute about 40 percent of all B cells. They can be further subdivided into class-switched cells, IgM-only cells, and IgM+IgD+CD27+ cells

When variable-region genes of human B-cell lymphomas were analyzed and sequenced, they proved to be somatically mutated in most cases. The somatically mutated variable-region genes in a lymphoma indicate that it originates from germinal-center or post–germinal-center (i.e., memory) B cells, and the pattern of somatic mutation may allow these two possibilities to be distinguished.

The derivation of most human B-cell lymphomas from cells at the germinal-center or post–germinal-center stage of development suggests that malignant transformation often occurs or is initiated in germinal-center B cells. This is probably owing to peculiarities of B-cell differentiation in the microenvironment of the germinal center. Thus, the vigorous clonal expansion of germinal-center B cells may by itself represent a risk of malignant transformation. This proliferative expansion goes hand in hand with molecular processes that modify the DNA of germinal-center B cells and involve DNA strand breaks — namely, class switching, somatic hypermutation, and perhaps receptor editing. Occasional failures in the control of these processes appear to play a decisive part in B-cell tumorigenesis through the generation of chromosomal translocations into immunoglobulin gene loci. In line with this view, T cells, which do not undergo somatic hypermutation or class switching, give rise to lymphomas 1/10 to 1/20 as often as B cells.

 In most B-cell non-Hodgkin's lymphomas, the tumor cells express surface immunoglobulin, and the pattern of somatic mutation in rearranged variable-region genes of these lymphomas indicates that the tumor cells or their precursors were selected for antigen-receptor expression during the process of mutation. Another feature of normal B-cell physiology that is retained by several types of lymphomas derived from post–germinal-center B cells is dependence on the germinal-center microenvironment for survival and growth. 

Conclusions 

On the basis of our present understanding of normal B-cell development, studies of rearranged variable-region genes in B-cell lymphomas represent an informative approach to identifying the progenitor from whose transformation a particular B-cell tumor arose. This approach has led to the insight that most types of non-Hodgkin's B-cell lymphomas and Hodgkin's lymphomas in humans are derived from germinal-center or post–germinal-center B cells. A common theme in both normal B-cell development and B-cell tumors is the dependence on the expression of antigen receptor for survival and growth of the cells, with the remarkable exception of Reed–Sternberg cells in classic Hodgkin's disease. 
The frequent chromosomal translocations into immunoglobulin gene loci in B-cell tumors can be explained as byproducts of the molecular processes acting at immunoglobulin loci in germinal-center B cells — namely, somatic hypermutation, class switching, and perhaps variable-region gene recombination. 
Thus, the germinal center has a central role in both normal B-cell differentiation and the genesis of B-cell tumors, the latter because of the unique combination of genetic changes and intense cellular proliferation that characterizes B-cell differentiation in this microenvironment. Apparently, in evolutionary terms, the benefit of the germinal-center reaction in the defense against pathogens outweighs the increased risk of malignant transformation of the responding cells. 
