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Abstract 
 
Translocations involving band 3q27, affecting the major breakpoint region (MBR) 
of BCL6, are common in Diffuse Large B-Cell Lymphomas (DLBCL). Recent 
data suggest an Alternative Breakpoint Cluster Region (ABR) located between 
245kb and 285kb 5’ of BCL6, which might be associated with Follicular 
Lymphoma (FL). Ten DLBCL and 9 FL grade 3B with cytogenetic 
rearrangements at 3q27 were studied by fluorescent in situ hybridisation (FISH) to 
discriminate between breakpoints at the ABR and MBR. Eight DLBCL contained 
a breakpoint in the MBR, and 6 FL3B cases contained a breakpoint in the ABR. 
No specific chromosomal partners could be identified in both groups. Previously 
published data have suggested that FL3B cases with 3q27 aberrations are closely 
related to the majority of DLBCL’s of germinal center cell origin. However, our 
findings suggest that the mechanism of 3q27 rearrangement in FL3B cases is 
similar to the mechanism in FL grade 1,2 and 3A cases. 

 

 

 

 

 

 

 



 Chapter 3 

 51

 
Introduction 
 
A relatively frequent chromosomal hallmark of mature B-cell lymphomas is a 
translocation affecting band 3q27. This translocation, resulting in deregulation of 
BCL6, may involve the immunoglobulin heavy chain (IGH) locus at 14q32 and 
various other counterparts (Baron et al.,1993; Ye et al.,1995; Chen et al., 1998). 
BCL6 encodes a 95kd nuclear phosphoprotein belonging to the POZ/zinc finger 
(ZF) family of transcription factors (Kerckaert et al., 1993; Ye et al., 1993; Miki 
et al., 1994). It contains six Kruppel-type-C-terminal ZF motifs (Chang et al., 
1996; Seyfert et al., 1996) and an amino-terminal POZ, a protein-protein 
interaction motif (Albagli et al., 1995). BCL6 functions as a transcriptional 
repressor (Deweindt et al., 1995; Chang et al., 1996; Seyfert et al., 1996) and 
plays an important regulatory role in lymphoid development and function. In the 
B-cell lineage, the BCL6 protein is expressed only in germinal center (GC) B-
cells (Onizuka et al., 1995). Translocations involving the BCL6 gene are 
especially frequent in Diffuse Large B-Cell Lymphomas (DLBCL) (Bastard et al., 
1994). 
Rearrangements of the BCL6 gene cluster in a 4 kb major breakpoint region 
(MBR) in the first non-coding exon and 5’ region of the first intron, and are 
commonly seen in DLBCL (Ye et al., 1993). Recently, an alternative breakpoint 
region (ABR) was identified in NHL located between 245 and 285 kb 5’ of BCL6 
(Chen et al., 1998). Although the series was very small, these data suggested that 
breakpoints in the ABR rearrangements are preferentially associated with 
Follicular Lymphoma (FL) (Butler et al., 2002). 

For the present study FL grade 3B (FL3B) cases with cytogenetic 3q27 
abnormalities (Bosga-Bouwer et al., 2003) and DLBCL with 3q27 breakpoints as 
well as DLBCL cases without cytogenetic data were analyzed with a novel 
fluorescence in situ hybridization (FISH) assay using probes that can discriminate 
between breakpoints within the BCL6 MBR and ABR regions. These data show 
essential differences with respect to the site of the breakpoint in these lymphomas.  
 
Materials and Methods 
Nine FL3B and 10 cases with a diagnosis of primary DLBCL or DLBCL in 
relapse, with a cytogenetic breakpoint at 3q27 were retrieved from the files of the 
Departments of Medical Genetics and Pathology of the Groningen University 
Medical Center (Table 1). The 9 FL3B cases were obtained from a previously 
published series of 32 FL3B (Bosga-Bouwer et al., 2003). In addition, we selected 
10 DLBCL cases with cytogenetic 3q27 aberrations and a random series of 30 
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DLBCL’s cases, without cytogenetic data. The latter cases were directly studied 
by FISH on paraffin embedded tissue sections with the two BCL6 probe 
combinations (Haralambieva et al., 2002). 
To distinguish MBR and ABR breakpoints, a segregation FISH assay was 
designed using PAC’s 165121 and 133M19 (Dr R.Dalla-Favera, Columbia 
University, New York, USA) and BAC RP11-137K3 based on its location in the 
minimal tiling path 5’ of BCL6 according to MapViewer at www.ncbi.nih.gov 
(build 33). PAC and BAC clones were purchased from the BACPAC resource, 
Children’s Hospital Oakland (Oakland, CA, USA). MBR breakpoints were 
identified by segregation of PAC’s 165121 (red) and 133M19 (green) and ABR 
breakpoints by segregation of 133M19 (green) and RP11-137K3 (red) (Butler et 
al., 2002)  (Figure 1). All probes were labeled by nick translation with biotin-16-
dUTP or digoxigenin-11dUTP (La Roche, Basel, Switzerland) and the reaction 
was visualized by indirect immunofluorescence as a dual color break leading to 
segregation of the red and green signal. BCL6 breakpoints were also detected 
using the CEPH-YAC Y803g3 (Roumier et al., 2000) that covers both the MBR 
and ABR. To discriminate trisomy 3 from a split signal, the assay was combined 
with probe pα3.5 hybridizing to repetitive α – satellite peri-centromeric DNA 
targets of chromosome 3. Additionally, a commercial FISH assay (Vysis, LSI 
BCL6 Dual Color, Break Apart Rearrangement Probe) was used on the FL3B 
cases. This kit consist of a mixture of a 300 kb labeled SpectrumOrange 5’ LSI 
BCL6 probe and, separated by a 42 kb gap, a 600 kb labeled SpectrumGreen 3’ 
LSI BCL6 probe. Interpretation of the FISH results in the different assays was 
carried out according to a previously described protocol (Haralambieva et al., 
2002).  
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Figure 1: Location of probes used for the different FISH assays to discriminate between ABR and 
MBR breaks in the BCL6 gene. 

 
 
 
Results and Discussion 
 
In this study we analyzed presence of BCL6 MBR and ABR breaks in FL3B cases 
with 3q27 abnormalities in comparison to DLBCL cases. Segregation FISH 
revealed an ABR break in 6/9 and a MBR break in 2/9 FL3B cases, whereas from 
DLBCL with 3q27 aberrations 1/10 cases showed an ABR and 8/10 a MBR break 
(Table 1). In our random series of 30 DLBCL cases without cytogenetic data a 
BCL6 breakpoint was detected in 8 cases, corresponding to the frequency 
observed in the literature (Barrans et al., 2002). All cases involved the MBR and 
none the ABR, providing further evidence for the suggestion of Butler et al.(2002) 
that ABR breakpoints are associated with a follicular growth pattern. In total 6/9 
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FL3B cases and 1/40 DLBCL cases show an ABR break, indicating a clear 
difference between these two entities. Remarkably, not only the 4 out of 5 cases 
with a primary diagnosis of FL3B carrying a 3q27/BCL6 breakpoint, but also the 
two FL3B cases that progressed from a FL1/2 carried an ABR breakpoint. One of 
the two FL3B cases with a break in the MBR was a secondary FL3B lymphoma 
with a history of previous DLBCL. 
In general, 50~60% of all lymphomas with a 3q27 translocation harbour 
breakpoints within the MBR (Bastard et al., 1994; Chen et al., 1998) and 
according to one report, about 10% of the rearrangements involve the ABR 
(Butler et al., 2002).  In the study by Butler et al.(2002), the remaining 30-40% of 
the lymphomas with a cytogenetically proven 3q27, did not show a breakpoint 
within the MBR or ABR region. Application of the different FISH assays in the 
present study revealed a BCL6 breakpoint in 17 out of 19 cases with cytogenetic 
3q27 aberrations (89%) demonstrating that our probe sets detect most 3q27 
breakpoints. Our data thereby imply that the BCL6 locus is by far the most 
frequently involved site in this region. In our previous study (Bosga-Bouwer et 
al., 2003) case 7 (Casea, 17, Table 1) revealed breaks with Southern Blot (SB) and 
cytogenetics. In the present study we observed in this case an ABR break with 
FISH, which is quite remarkable. Since the probe used for SB maps in the MBR 
locus, the aberrant band observed with SB can not originate from the 3q27 break 
and is probably caused by an aberration in the BCL6 gene region. All FISH data 
were consistent for this case, with a clear break with the ABR probes, 
cytogenetics and the YAC and no breaks with the MBR and Vysis probes. 
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 a
: previously published cases (Bosga-Bouwer et al., 2003).

b
: the karyotype included an unidentified marker chromosome 

that might contain material from chromosome 3. ND, not done; f, failure; p, primary DLBCL; s, secondary DLBCL; r, 
DLBCL in relapse; ABR, alternative breakpoint cluster region; MBR, major breakpoint region; FL3B, Follicular 
Lymphoma grade 3B; FL1,2, Follicular Lymphoma grade 1,2; DLBCL, Diffuse Large B-Cell Lymphoma; SMZL, splenic 
marginal zone lymphoma. 
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We investigated whether breakpoints at the MBR or ABR are associated with the 
involvement of different BCL6 partners. Previous molecular analyses have shown 
that promotor substitution and the generation of chimeric IGH-BCL6 transcripts is 
an essential mechanism in cases with a t(3;14) and a breakpoint at the MBR (Ye 
et al., 1995). However, two FL3B cases (cases 4 and 5) and one DLBCL (case 17) 
showed a t(3;14) with an ABR break suggesting another mechanism. In parallel 
with breakpoints involving MYC and CCND1, juxtaposition to a foreign enhancer 
might be the prevalent mechanism in cases with a far upstream breakpoint at the 
ABR, and therefore, a t(3;14)(q27;q32) or variant translocation involving the 
immunoglobulin light chain genes should be expected in such cases. However, 
similar to the previous report (Butler et al., 2002), no differences were seen with 
respect to the use of partner chromosomes between the cases with an MBR or 
ABR breakpoint, and we therefore can only speculate on the mechanism leading 
to deregulation of BCL6 in cases with an ABR breakpoint. Finally, although 
screening of public databases has revealed no other functionally proven gene thus 
far, we can not completely exclude that breakpoints in the ABR affect other genes 
mapping within the BCL6 locus. In this respect it is noteworthy that all cases with 
an ABR breakpoint expressed BCL6 at the protein level (Table 1). 
Comparison of the different FISH assays revealed that application of the 
commercial probes (Vysis) only detects MBR breakpoints (Table 1). A very small 
extra signal could be expected in some cases with an ABR break, but this extra 
signal was almost impossible to discern from the background. Using a YAC 
covering approximately 970 kb including the BCL6 gene, we detected all MBR 
and ABR breaks (Table 1) but this analysis did not allow discrimination between 
the two breakpoint regions. Therefore, the presently described novel segregation 
FISH assay is highly preferable to distinguish MBR and ABR breakpoints.  
In conclusion, our results indicate that despite previously published data 
suggesting that FL3B cases with 3q27 aberrations are closely related to the 
majority of DLBCL’s, the mechanism of 3q27 rearrangement in FL3B cases is 
different between FL3B and DLBCL. At present there is no explanation for the 
apparent association between the ABR breakpoint involvement and the follicular 
nature of many of these tumors. 
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