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Solving puzzle of B-cell lymphoma
development
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In germinal centers (here: whithin the spleen of a mouse) immune cells learn to
fight pathogens with high specificity. Dr. Dinis Calado and Dr. Klaus Rajewsky
of the Max Delbriick Center for Molecular Medicine (MDC) Berlin-Buch,
Germany, now identified subpopulations of B cells at the germinal centers which
express the proto-oncogene Myc (red). They showed that Myc is essential for the
formation and maintenance of germinal centers. Their findings have implications
for the pathogenesis of B-cell lymphomas. Credit: Dinis Calado/MDC

Germinal centers are sites in the organs of the lymphatic system, formed
during the course of an immune response to infection, where B cells
intensely proliferate and modify their DNA in order to produce
antibodies specific for the pathogen. However, it is known that the vast
majority of lymphomas derive from the B cells at the germinal centers.

Now, Dr. Dinis Pedro Calado and Dr. Klaus Rajewsky of the Max
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Delbriick Center for Molecular Medicine (MDC) Berlin-Buch have
identified subgroups of B cells in germinal centers in which the proto-
oncogene Myc, a critical regulator of cellular proliferation, is highly
activated. They showed in addition that the Myc gene in these
subpopulations is essential for the formation and maintenance of the
germinal centers. Their findings also shed light on the origin of B-cell
lymphomas derived from B cells at the germinal center reaction.

The Myc gene is a key regulator of cellular proliferation and is
frequently involved in chromosomal translocations in human lymphomas
derived from B cells at the germinal center reaction. Such translocations,
seen in roughly 10 percent of diffuse large B-cell lymphomas and almost
all cases of sporadic Burkitt lymphoma, juxtapose Myc and enhancers in
immunoglobulin loci, leading to deregulated Myc expression.

These observations have puzzled researchers for many years because
translocations of this gene can only take place in those cells where Myc
is active. "However, Myc is thought not to be expressed in B cells at the
germinal center reaction, the progenitors of most B-cell lymphomas,"
Dr. Rajewsky said. So the question was: if B cells at the germinal center
reaction do not express Myc, how can they give rise to B cell lymphomas
carrying Myc translocations?

Germinal centers are located in the lymphatic organs such as the spleen,
lymph nodes and Peyer's patches in the intestinal wall. In the germinal
centers the B cells are confronted with antigens and quickly proliferate.
For the immune system to be able to cope with the huge variety of
antigens, B cells must modify their DNA through mutation (somatic
hypermutation) and recombination (class-switch recombination).
However, the fast proliferation together with the ongoing DNA
modifications may increase the occurrence of errors, which makes the
malignant transformation of B cells at the germinal center reaction
probable. "B-cell lymphomas are the most common type of human
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lymphoid malignancies. They mostly originate either from B cells at the
germinal center reaction or from B cells that have passed through the
germinal center reaction," Dr. Calado and Dr. Rajewsky pointed out.

What then is the role of the Myc gene? How can Myc be highly activated
through translocations in B-cell lymphomas although it is not active in
healthy B cells of the germinal center reaction? Dr. Calado and Dr.
Rajewsky have now found an answer to this question. They identified
subpopulations of B cells located in the germinal centers in which the
Myc gene is activated. They also showed that c-Myc is essential for the
formation and maintenance of the germinal centers. When they knocked
out the Myc gene in B cells they could show that germinal centers could
not be formed or maintained.

"The MY C-positive germinal center B-cell subpopulations are probably
at high risk for malignant transformation. Our work has direct
implications for the understanding of the pathogenesis of human
germinal center-derived B-cell lymphomas carrying MY C chromosomal
translocations and therefore can contribute to a better understanding of
how these lymphomas occur," Dr. Calado and Dr. Rajewsky said.

More information: The cell-cycle regulator c-Myc is essential for the
formation and maintenance of germinal centers, Nature Immunology,
http://dx.doi.org/10.1038/n1.2418
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