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            Abstract
Jawless vertebrates use variable lymphocyte receptors (VLR) comprised of leucine-rich-repeat (LRR) segments as counterparts of the immunoglobulin-based receptors that jawed vertebrates use for antigen recognition. Highly diverse VLR genes are somatically assembled by the insertion of variable LRR sequences into incomplete germline VLRA and VLRB genes. Here we show that in sea lampreys (Petromyzon marinus) VLRA and VLRB anticipatory receptors are expressed by separate lymphocyte populations by monoallelic VLRA or VLRB assembly, together with expression of cytosine deaminase 1 (CDA1) or 2 (CDA2), respectively. Distinctive gene expression profiles for VLRA+ and VLRB+ lymphocytes resemble those of mammalian T and B cells. Although both the VLRA and the VLRB cells proliferate in response to antigenic stimulation, only the VLRB lymphocytes bind native antigens and differentiate into VLR antibody-secreting cells. Conversely, VLRA lymphocytes respond preferentially to a classical T-cell mitogen and upregulate the expression of the pro-inflammatory cytokine genes interleukin-17 (IL-17) and macrophage migration inhibitory factor (MIF). The finding of T-like and B-like lymphocytes in lampreys offers new insight into the evolution of adaptive immunity.
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                    Figure 1: 
                        VLRA and VLRB expression define distinct lymphocyte populations.
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Figure 2: 
                        Monoallelic assembly of 
                        VLRA
                         and 
                        VLRB
                         genes.
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Figure 3: 
                        Differential gene expression profiles of VLRA
                        +
                         and VLRB
                        +
                         lymphocytes.
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Figure 4: 
                        Antigen-activated VLRA
                        +
                         lymphocytes do not secrete their receptors.
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Figure 5: 
                        PHA preferentially stimulates VLRA
                        +
                         lymphocytes.
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        Editorial Summary
Double immunity in lampreys
Lampreys and hagfish, the last of the jawless vertebrates, attract the attention of immunologists as their adaptive immune system rivals that of humans in its flexibility. In humans, each lymphocyte expresses a unique anticipatory receptor for an antigen, constructed from variable, diversity and joining segments. Jawless vertebrates use variable lymphocyte receptors composed of leucine-rich-repeat protein segments with a non-varying stalk tethered to the lymphocyte surface. New work on the sea lamprey reveals yet more parallels with humans: they have a compartmentalized adaptive immune system containing cells that resemble cytokine-secreting T cells and antibody-secreting B cells of the mammalian adaptive immune system. This points to a split in lymphocyte differentiation along T- and B-like cell lineages much earlier in evolution than previously appreciated, such that their system was either a precursor of, or evolved alongside, our own immune system.
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