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Background and aims: 
Acquired N-gly motifs in the variable region of the IGH are believed to possess a pathogenic function due to their high frequency in follicular lymphoma (FL) cases and rarity in healthy somatically mutated B cells (1-5). This is likely conferred by their attachment to high mannoses and subsequent interaction with lectins, which activate the BCR signalling pathway (6-10). Determining at what stage of tumour evolution these motifs are acquired will validate their role in disease development. 

The primary aim of this thesis was to determine whether N-gly motifs are acquired within the putative CPC population by investigating the behaviour of N-gly sites during ongoing SHM and disease progression. To do this we analysed the incidence and maintenance of sites within the heterogeneous clonal repertoire of several patients taken at different time points of disease, ranging from diagnosis to transformation. Temporal samples were either taken from the same or different anatomical sites. Clones were derived through targeted sequencing of the IGHV and subclonal relationships were visualised through lineage trees. To our knowledge, this is the first study that has analysed the relationship between FL progression and N-gly sites in a variable patient cohort who have undergone different lines of therapy and presented with different clinical courses, reflecting the heterogeneous nature of the disease.

The second aim was to use a unique, in-depth multiplex phenotyping method to investigate the tumour microenvironment with regards to expression of the C-type lectins, DC-SIGN and MR. Using digital image analysis software, the in situ frequency, distribution and spatial arrangement of lectin-expressing immune cells was analysed in tissue sections derived from a heterogeneous FL patient cohort. Patients had an overall survival of less than five years or greater than fifteen years, enabling us to compare the microenvironmental landscape in extreme survival cases and investigate the prognostic value of lectin expression in FL disease.

Results: 

Genomic DNA from three FL patients taken at different time points of disease progression were analysed. In total, 8 samples were selected, all carrying an IGHV3 rearranged tumour clone. IGHV DNA amplicons were sent for 2x250bp paired-end sequencing using the Miseq Illumina platform (Genewiz, NJ). Tumour-related reads with counts greater than ten were selected following analysis on IMGT/HIGH-V-QUEST. Reads were aligned and unique sequences were assigned as subclones. Additional tumour related reads sequenced on the Roche 454 Life Sciences Genome Sequencer FLX were available (Patients 4 & 5). Subclones were analysed for N-gly motifs and evolutionary pathways were generated using the IgTree program, based on intraclonal SHM profiles and homology of tumour clones to the germline IGHV sequence.

The earliest time point samples for Patient’s 1, 3, 4 & 5 contained one N-gly site within the IGHV of the MC defined by the largest count number. These sites were conserved in >97% of unique subclones (p<0.0001) despite variations in the nucleotide sequence within the region as a result of ongoing SHM. This conservation included the most mutated subclones which had a mean SHM rate of 16.56%. Conservation was maintained across disease events. Patient 2 contained four N-gly sites located within the CDR1, FR2, CDR2, and FR3 regions. The first three sites were conserved in >97% of subclones in and across disease events, whereas the FR3 site was conserved in 95.5% of the diagnostic subclones and in ~80% of the relapsed and transformed populations. No subclones with loss of all four sites were detected for Patient 2. Patient 5 samples were taken from different anatomical sites with tumor populations acquiring distinct N-gly motifs, suggesting an early divergence in tumor evolution. Despite this, a minor population of motif positive clones are shared, suggesting a trafficking ability of subclones. Subclones with motifs made up ≥99% of the total tumour count, highlighting the motif as a feature of the tumour bulk, with motif negative clones representing a minor population. These negative clones are presumably lost during disease progression as they not shared between events. Evolutionary analysis revealed no additional sites are gained as motif positive clones expand while rare negative subclones cannot reacquire sites and do not undergo further diversification.

We next utilised a novel multiplex, sequential phenotyping of FFPE sections derived from extreme survival cases of FL. We were able to look at six different immune cell markers to determine the expression of DC-SIGN and MR on immune cells of the tumour microenvironment and whether this correlated to prognostic outcome. We observed a significant deviation in the tumour microenvironment, characterised by a higher proportion of follicular dendritic cells, macrophages and M2 macrophages displaying a MR+ and DC-SIGN+MR+ phenotype compared to the immune cells of reactive LNs, suggesting a pathogenic-derived cause to increased lectin expression within these cells. As reactive LNs were motif negative, this increase could be attributed to the mannose-lectin interaction that may result in polarisation of interacting immune cells to express these phenotypes. Although there were no significant differences between the extreme survival groups, this data provides the rationale for conducting analysis in larger cohorts to validate the prognostic implications of DC-SIGN and MR expression and provide insight into whether targeting such immune changes can divert the FL microenvironment from one that is tumour supportive to one that is tumour suppressive.
Conclusions: 
The knowledge that FL is a significantly heterogeneous disease warrants research into finding key pathogenic events that are universally perturbed in all patients to ensure maximal and widespread benefit. This project has contributed to this aim by determining N-gly motifs in the IGHV are an early event in disease evolution of the majority of FL patients irrespective of the genetic and biological heterogeneity of disease. We have also demonstrated remodelling of the microenvironment in disease through the expression of DC-SIGN and MR in immune subpopulations that could be attributed to the mannose-lectin interaction. These findings supports the hypothesis of the mannose-lectin interaction operating a critical survival-signalling pathway in FL cells and provides strong rationale for future investigations into translating this finding into improving the outcome for FL patients.

How Closely Have the Original Aims been Met:
The original aim of this project was to determine whether the introduction of N-glycosylation motifs in surface immunoglobulin is an early or late mutational event in FL. We have achieved this aim by demonstrating N-gly motif acquirement as an early event in FL evolution through next generation sequencing of serial FL samples. We have additionally revealed their importance in disease progression and therefore have advanced the field of FL research. 
Outputs (including meeting abstracts, oral presentations, original papers, review articles) from the study in which the Pathological Society has been acknowledged:
I presented my findings from this study in a poster presentation at two internationally renowned conferences, ASH Meeting on Lymphoma Biology (2018) and the 60th ASH Annual Meeting & Exposition. I also had a meeting abstract at the 19th meeting of the European Association for Haematopathology (2018). 

We have further submitted a paper from the study to a leading haematology journal and are awaiting review.
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