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AbstractAbstract Results
Much information about hypermutation and antigen-driven selection
during the humoral immune response is contained in the shape of
immunoglobulin (Ig) gene mutational lineage trees deduced from the
responding B cell clones. We microdissected germinal centres from
the pathological ectopic germinal centres seen in the thymus of
patients with Myasthenia Gravis (MG) and analysed the Ig gene
characteristics to determine whether the ectopic germinal centres
behave in a similar fashion to normal germinal centres from secondary
lymphoid tissue. Lineage tree analysis demonstrated similar
diversification and mutations per cell compared to the normal control
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trees, in spite of the chronic nature of the MG response. Mutation
analyses revealed that most replacement mutations were observed in
the framework regions, responsible for the structural integrity of the B
cell receptor (BCR); these mutations were mostly conservative or
neutral, confirming that a functional BCR is conserved in MG. Analysis
of replacement and silent mutation patterns revealed selection against
replacement mutations in the complementary determining regions
(CDRs), responsible for antigen binding. This might indicate that MG
clones are highly specific for the antigen, and thus most CDR
replacement mutations, which may be affinity-reducing, disappear
during selection. Somatic hypermutation targeting motifs in MG were
similar to those of the normal controls. However, sequence mutation
spectrum in the MG in frame genes slightly deviated from that of the
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Methods
 Patient sequences were aligned with germline genes using ClustalW (www.ebi.ac.uk/clustalw/).
 Lineage trees were generated from the alignments using IgTree© (Barak et al., 2008). 
 Tree properties were measured by MTree©, a program developed at the Mehr lab 

(References below).
 Tree properties were statistically analyzed to compare between trees from MG and normal

spectrum in the MG in-frame genes slightly deviated from that of the
MG out-of-frame and the normal controls. This may be a result of, as
yet unknown, selective processes. Overall, these results suggest that
B cells in the ectopic germinal centres in MG seem to undergo normal
diversification and selection in spite of the chronic nature of the
response.
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 Tree properties were statistically analyzed to compare between trees from MG and normal
 controls  (Shahaf et al., 2008).
 Somatic hypermutation motifs were plotted and presented as pictograms, where the influence 

of each nucleotide on the motif is depicted by its size.
 Analysis of replacement (R) and silent (S) mutations was performed to estimate antigenic

selection.
 Amino Acid (AA) substitution analysis was performed to estimate the nature of  the substitution

and its effect.
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B cells in ectopic GCs seem to undergo normal diversification and selection, 
in spite of the chronic nature of MG.

 AA substitution analysis 
Conserved/Neutral R mutations in FRs confirmed conservation of functional BCR.
 RS analysis 
Selection against R mutations in CDRs (may be affinity-reducing, disappear during 
selection?), high specificity for Ag.
 SHM targeting motifs analysis  Similar to normal controls.
 Mutation spectrum analysis 
MG IF deviated from MG OOF and normal control – an unknown selective process? 
Or just a small sample effect?


