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            Abstract
Glutamate receptors are well-known actors in the central and peripheral nervous systems, and altered glutamate signaling is implicated in several neurological and psychiatric disorders. It is increasingly recognized that such receptors may also have a role in tumor growth. Here we provide direct evidence of aberrant glutamate signaling in the development of a locally aggressive bone tumor, chondromyxoid fibroma (CMF). We subjected a series of CMFs to whole-genome mate-pair sequencing and RNA sequencing and found that the glutamate receptor gene GRM1 recombines with several partner genes through promoter swapping and gene fusion events. The GRM1 coding region remains intact, and 18 of 20 CMFs (90%) showed a more than 100-fold and up to 1,400-fold increase in GRM1 expression levels compared to control tissues. Our findings unequivocally demonstrate that direct targeting of GRM1 is a necessary and highly specific driver event for CMF development.
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                    Figure 1: Rearrangements of chromosome 6 target the GRM1 gene.[image: ]


Figure 2: Rearrangements of chromosome 6 result in upregulation of the GRM1 gene.[image: ]
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Supplementary Figure 1 Structural rearrangements of regions immediately upstream or downstream of the GRM1 gene.
In case 1, six mate pairs were identified with one partner located 3′ (downstream) of the GRM1 gene and the other partner situated in the 5′ part of COL12A1. A possible explanation for this distribution of mate pairs could be an insertion of GRM1 into the 5′ part of COL12A1. This would place the expression of GRM1 under the control of the COL12A1 promoter. In line with these findings, COL12A1 and GRM1 were also rearranged in case 2. However, in this case, eight mate pairs were located 3′ of COL12A1 and 5′ of GRM1. In addition, seven mate pairs were situated in the 3′ part of COL12A1 in combination with more proximal mates 5′ of GRM1. This combination of mate pairs suggests an inversion involving parts of chromosome arm 6q, which results in altered GRM1 expression under the influence of the COL12A1 promoter. In case 4, six mate pairs were identified with one partner 5′ of GRM1 and the other mate located in the 5′ part of the TBL1XR1 gene at 3q26. The orientation of the genes precludes any functional outcome of a simple translocation between 6q24 and 3q26. However, the orientation of the sequence reads demonstrated that there was an inversion associated with the rearrangement, and SNP array data in this case showed a deletion immediately upstream of GRM1. The 5′ part of TBL1XR1 could thus have been inserted 5′ of GRM1, which would place the expression of GRM1 under the control of the TBL1XR1 promoter. In case 5, 12 mate pairs were detected with 1 mate situated in the 5′ part of BCLAF1 at 6q23 and the other mate 5′ of GRM1. This suggests that there is an inversion resulting in altered GRM1 expression under the influence of the BCLAF1 promoter.


Supplementary Figure 2 Structural rearrangements of the regions immediately upstream of GRM1 detected by FISH.
Probes mapping to sequences within (red) and upstream of (green) the GRM1 gene were used to detect rearrangement of the GRM1 promoter region. In five investigated cases (cases 2, 5, 7, 8 and 17), split signals were found in more than 20% (range of 31–79%) of the analyzed nuclei. In an additional five cases (cases 4 and 18–21), split signals could not be confirmed in more than 20% of the analyzed nuclei. In case 4, which was negative in FISH analysis, rearrangement of the GRM1 promoter was detected by both DNA mate-pair sequencing and SNP array analyses. Thus, the relatively low resolution of interphase FISH analysis precludes the detection of GRM1 promoter rearrangement in cases with complex genomic aberrations, involving, for example, loss of segments upstream of GRM1.
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