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Immunogenetic analysis of immunoglobulin heavy chain (IGH) genes may provide 

useful clues to the pathogenesis of B-cell malignancies. Many B-cell lymphomas 

exhibit somatic hypermutation (SHM) patterns in IGH variable (IGHV) genes, typical 

of antigen receptors that have undergone selection by antigen. In addition, the 

biased usage of IGHV genes and stereotyped clusters of immunoglobulin receptor in 

chronic lymphocytic leukemia (CLL), marginal zone lymphoma (MZL) and mantle 

cell lymphoma (MCL), support the role of antigen-driven mechanisms in the 

pathogenesis of these diseases.  

In this study we analyzed the IGH rearrangements of a large series of patients with 

Waldenström macroglobulinemia (WM) or IgM-MGUS, with the aim to characterize 

the IGH repertoire and to search for clusters of stereotyped receptors. 

A total of 123 patients, including 59 WM and 64 IgM-MGUS, underwent IGHV 

amplification and direct sequencing. Diagnosis of WM and IgM-MGUS was made 

according to the consensus criteria proposed at the 2nd International Workshop on 

WM. All IGHV-D-J rearrangements were analyzed using the IMGT databases and the 

IMGT/V-QUEST tool to identify HCDR3 aminoacid (AA) sequences. HCDR3 

sequences were aligned with each other and compared to 28.400 HCDR3 sequences 

from public databases (EMBL, NCBI, IMGT/LIGM-DB) and from unpublished multi-

laboratory databases. Alignments were performed using the multiple sequence 

alignment software ClustalX (2.0). Criteria for including sequences in a cluster 

were: >60% AA identity, IGHV gene belonging to the same clan, identical HCDR3 

length and same junction residues and/or same IGHD-J genes. 

A productive monoclonal IGHV-D-J rearrangement was obtained in 99/123 patients 

(80%). IGHV genes were mutated in 94/99 patients (95%) with a median SHM rate 

of 6.7% (range: 2.1-14.5). In WM/IgM-MGUS we found a significant over-

representation of the IGHV3 family as compared with the normal B-cell repertoire 
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(83% versus 55%, p<0.0001) and a significant underrepresentation of IGHV1 (7% 

versus 14%, p=0.04) and IGHV4 (7% versus 23%, p=0.0001) families. At the gene 

level, in WM/IgM-MGUS we found a significant over-representation of IGHV3-23 

(24% versus 12%, p= 0.0003), IGHV3-64 (3% versus <1%, p=0.003), IGHV3-7 

(12% versus 4%, p=0.0001), IGHV3-74 (9% versus 2%, p<0.0001). On the 

contrary, IGHV4-39 gene was not found in WM/IgM-MGUS (0 versus 5%, p=0.03)  

Intra-WM/IgM-MGUS search for HCDR3 similarity showed no association that met 

minimal requirements to define stereotyped receptors. The comparison of WM/IgM-

MGUS sequences with non WM/IgM-MGUS database showed that the former are 

unrelated to known CLL or splenic marginal zone lymphoma (SMZL) subsets. Only 

one IgM-MGUS occurring in a HCV-positive patient formed a novel subset with other 

4 HCV-related lymphoproliferative disorders.  

In conclusion, the findings of this analysis of WM and IgM-MGUS indicate that: i) 

family usage in WM and IgM-MGUS is skewed as compared to normal B-cell 

repertoire; ii) WM and IgM-MGUS-specific HCDR3 clusters do not occur with a 

frequency detectable with currently available databases; iii) WM and IgM-MGUS 

sequences are not related to known CLL and SMZL clusters; iv) only one IgM-MGUS 

shows similarities with sequences derived from pathological HCV-related 

lymphoproliferations, supporting the absence of a B-cell receptor-driven 

pathogenesis for the large majority of WM and IgM-MGUS cases. 

 


