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ABSTRACT 

Hodgkin lymphoma (HL) is characterized by constitutive activation of several 

signaling pathways and transcription factors, which is partly caused by gene 

mutations. To generate an overview of the mutational landscape in HL we 

performed whole exome-sequence (WES) analysis of 7 HL cell lines. Overall, 

we identified 463 genes mutated in 2 or more HL cell lines and 373 genes 

mutated in 2 or more classical HL cell lines. Based on SNPEFF_IMPACT, 

PolyPhen2 and SIFT analyses we showed that approximately half of the 

mutations have a putative damaging effect. As compared to Broad Institute 

data, an overall consistency ranging from 72.1% to 98.5% was observed. With 

the exception of the second deletion in SOCS1 reported in L1236, all mutations 

were confirmed. We identified mutations in HLA associated genes, B2M, HLA-

A, HLA-DRB1 and in CIITA. Consistent with the B2M mutations affecting the 

ATG start codon, we observed no or very low membrane B2M and HLA class I 

expression in L428 and DEV by flow cytometry. B2M mRNA levels were 

reduced in both cell lines as compared to L1236, whereas HLA-A, HLA-B and 

HLA-C levels were in the same range. Our WES data revealed CIITA mutations 

in 2 of the 7 HL cell lines albeit with low read counts, that were confirmed by 

Sanger sequencing and also Broad data set. No significant enrichment of 

mutated genes in genomic regions with copy number gain or loss was 

observed. Combining mutation status with mRNA expression levels revealed a 

differential expression pattern in cHL as compared to germinal center B cells 

for 44 of the 373 genes mutated in cHL. In conclusion, we observed a high 

number of consistently mutated genes, with part of them mapping to regions 

with copy number gain or loss and part of them showing deregulated 

expression.  
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INTRODUCTION 

Hodgkin lymphoma (HL) is characterized by a minority of B-cell derived tumor 

cells, named Hodgkin Reed-Sternberg (HRS) cells in classical (c)HL and 

lymphocyte predominant (LP) cells in nodular lymphocyte predominant (NLP) 

HL. HRS cells lack expression of the B-cell receptor in most cases and rely on 

activation of multiple pathways to escape from apoptosis in the germinal center 

reaction.1 Constitutive activation of the NF-κB pathway is achieved by 

activation of various signaling pathways, e.g. CD30, CD40-CD40L and Epstein 

Barr virus (EBV)-derived latent membrane protein 1 (LMP1). In addition, NF-κB 

activation is caused by diverse aberrations in multiple genes involved in the 

NF-κB pathway, such as amplifications of REL, gains of MAP3K14, mutations 

of TNFAIP3, NFKBIA and NFKBIE. A second pathway frequently altered in 

HRS cells is the JAK/STAT signaling pathway. Activation is caused by gains of 

JAK2 and inactivating mutations of SOCS1. In recent years, high-throughput 

sequencing technology has provided novel opportunities for the comprehensive 

identification of genetic aberrations involved in various types of cancer. To 

increase our understanding of the pathogenesis of HL, we performed whole 

exome sequencing (WES) in seven cell lines to identify commonly mutated 

genes in HL. 

 

MATERIALS AND METHODS 

Cell lines and germinal center B cells 

The cHL cell lines L428 (nodular sclerosis), L1236 (mixed cellularity), KMH2 

(mixed cellularity), L591 (nodular sclerosis, EBV+) and L540 (nodular sclerosis, 

T cell derived) were cultured in RPMI 1640 medium (Lonza Walkersville, 

Walkersville, MD) supplemented with 5% (L428), 20% (DEV) and 10% (other 

cell lines) fetal calf serum, 100U/ml penicillin/streptomycin and ultraglutamine 

(Lonza Walkersville) in a 5% CO2 atmosphere at 37°C. SUPHD1 (lymphocyte 

depleted subtype) was cultured in McCoy 5A medium supplemented with 10% 

fetal calf serum. Germinal center (GC) B cells were purified from human tonsils 

based on expression of CD19+IgD-CD38+.  

 

Exome sequencing 

Whole exome sequencing (WES) was carried out using standardized protocols 

of the UMCG genome facility on seven HL cell lines. Briefly, 3μg genomic DNA 

was randomly fragmented by ultrasound Nebulisation (K7025-05, Life 

Technologies, Paisly, UK). In-house designed barcode-adapters were ligated to 

both ends of the DNA fragments according to the standard New England 

Biolabs protocol using the NEBNext library prep master mix set (NEB, Ipswich, 

USA). Fragments of ~300bp were excised using the PerkinElmer labchipXT gel  
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system and DNA was extracted and amplified by PCR. Next, the PCR products 

of 4 independent samples were mixed in equimolar pools and used for exome 

enrichment using the Agilent SureSelect All exon V4 kit including approximately 

51Mb of genomic sequences, according to the protocol of the manufacturer. 

PCR products were subjected to paired-end sequencing on the HiSeq2000. 

Image Files were processed using standard Illumina® base calling software and 

de-multiplexed using an in-house script. 

 

All sequence reads were aligned to the human reference genome (build b37 

released by the 1000 Genomes Project)2 using Burrows-Wheeler Aligner.3 

Duplicate reads were marked by Picard (http://goo.gl/0sCehO). Using the 

Genome Analysis Toolkit (GATK)4 reads mapping around insertions and 

deletions of the 1000 Genomes Project  were re-aligned,2 followed by a base 

quality score recalibration. During this process the quality of the data is 

assessed by FastQC (http://goo.gl/6TUqD), Picard, GATK Coverage and 

custom scripts. Single nucleotide variants (SNV) were called with GATK Unified 

Genotyper. Indels were called with GATK and Pindel5 and those that were 

called with both programs are included in the final list. Variants were annotated 

using GATK and SNPEff.6 This production pipeline was implemented using the 

MOLGENIS compute7 platform for job generation, execution and monitoring 

(http://goo.gl/XLbc0F). In the output file we included amongst others Gene 

symbol, mutation position, amino acid change, all transcript IDs, SIFT score, 

Polyphen2 classification and genotype of the mutation. 

 

A combination of different filtering steps was applied to further limit the list to 

functional mutations with adequate read depth. We removed all variants that 

(1) were present in the dbSNP release 135, (2) map in non-coding regions and 

(3) that are synonymous. For the remaining SNVs we next applied the following 

additional filtering steps to reduce the amount of putative false positives 

mutations from the final list: (1) a coverage of less than 10 reads, (2) a strand 

bias greater than or equal to zero; (3) an alternative allele read depth below 6; 

or an alternative allele fraction below 0.25. These filtering steps were 

implemented using a custom script. 

 

Comparison to the Broad data set 

The overlap in the captured regions between the Agilent WES kit and the kit 

used by the Broad Institute was 3,804,686bp (WES a total length of 

51,189,318bp and for the Broad Institute a total length of 4,337,615bp). 20,978 

genes are captured with the Agilent kit and 1,654 genes by the Broad institute, 

with an overlap of 1,584 genes (Supplementary Figure S2). For the 5 cell lines  
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that were analyzed by WES and the Broad institute, we compared the 

mutations focusing on the set of 1,584 genes. For inconsistencies we manually 

inspected reads of WES and Broad data. In case the mutant allele was present 

at low read numbers we considered the mutation to be consistent. In case the 

mutant allele was not present and the mutant allele position was not efficiently 

captured, the variant was called as inconclusive and excluded from the 

comparison for that specific cell line. In case sufficient reads were observed, 

but no mutant reads, the variant was called as truly inconclusive. 

 

Comparison to RNA-seq data 

RNA-seq libraries were constructed using protocols as previously described.8 

Sequencing was performed using a combination of Illumina Genome Analyzer 

II (KMH2, L428, DEV) and Illumina HiSeq 2000 instruments (SUPHD1, L540, 

L1236, L591) to produce paired-end reads of length 50-76. These libraries 

were then aligned to the UCSC hg19 using GSNAP9 and multiple mapped 

reads were filtered using samtools. To examine if the somatic mutations were 

detectable in the RNA-seq data, we extracted the aligned reads using the 

Integrative Genomics Viewer (IGV) software. The mutation is considered to be 

verified if at least one read carried the mutant allele and the mutant allele was 

detected at a frequency >5% of the total reads. 

 

CNV analysis 

Pseudo probe data were generated with VarScan2 and Samtools as 

described.10,11 Briefly, for each cell line the pseudo probe derived GC-

normalized log2 copy number ratio was generated by comparing the read 

counts with the pileup of 3 normal PBMC samples. All alignments with a 

mapping quality greater than 40 in combination with a minimal segment size of 

200 bp and a maximal segment size of 500 bp were used to calculate the log2 

ratios. These log2 ratios were used for segment calling with the integrated DNA 

copy algorithm12 in the Nexus 7 software package (Biodiscovery, USA). The 

deletion / duplication regions were filtered for a minimum of 20 probes.  

 

Linking WES data to copy number variations 

For each individual cell line, the list of names of the mutated genes was 

uploaded to Nexus as a custom track. This custom track was used to annotate 

each gene with the corresponding copy number separately for each cell line. 

 

Linking of WES data to differentially expressed genes 

Labeling and hybridization of RNA isolated from 5 cHL cell lines and from 

germinal B cells sorted from three independent donors was performed using 

one-color low input Quick Amp Labeling Kit, according to the manufacturer’s 

protocol (Agilent, Santa Clara, USA) on a custom designed 8x60K sureprint G3  
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microarray that contained all protein coding gene probes present on the human 

gene expression v1 8x60k microarray (AMADID #028004, Agilent). Slides were 

scanned with GenePix 4000B (Agilent). Scanned images were used for Agilent 

Feature Extraction software version 10.7.3.1 and converted into Linear and 

Lowess normalized data. Using GeneSpring GX version 11.5.1 (Agilent), 

quantile normalization of the signals was performed. Next, 22,027 probes 

detected in at least 50% of the samples were included for analysis. An 

unpaired T-test in combination with Benjamini-Hochberg multiple testing 

correction was used to compare gene expression in cHL cell lines versus GC B 

cells. Venn diagrams (http://goo.gl/eV4Xw) were generated to check the 

overlap between genes mutated in at least 2 out of 5 classical HL cell lines and 

genes differentially expressed between cHL cell lines and GC B cells. 

Heatmaps were generated with Genesis software (v.1.7.6) by performing 

unsupervised complete linkage hierarchical clustering analysis (euclidean 

distance). 

 

Define gene ontologies of genes mutated in HL using DAVID 

Lists of mutated genes were uploaded and analyzed for gene annotations and 

gene ontology in the Database for Annotation, Visualization and Integrated 

Discovery (DAVID) v6.7 (http://goo.gl/ERxui) using a previously reported 

protocol.13 For genes with multiple gene ontologies or annotations, we 

preferentially annotated the gene ontology groups that were also used in the B 

cell lymphoma papers to which we compared our WES data.14-19 

 

Sanger sequencing  

Total RNA was isolated using standard laboratory protocols. cDNA was 

synthesized using 500ng input RNA using Superscript II according to the 

manufacturers protocol (Invitrogen, Carlsbad, USA). Genomic DNA or cDNA 

was amplified by PCR with AmpliTaq Gold® DNA Polymerase, PE Buffer II and 

MgCl2 (Applied Biosystems, Foster City, USA) using primers designed using 

Primer Express (Applied Biosystems) (Supplemental Table S1). For part of the 

PCR products we linked an M13F or R tail, which was then used for 

sequencing. For the remaining PCR products the PCR primers were used for 

sequencing. PCR products were run on an agarose gel to check the 

amplification and purified using high pure PCR product purification kit (Roche, 

Mannheim, Germany) and sent for sequencing (LGC Genomics, Teddington, 

UK).  
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qRT-PCR  

RNA isolation and cDNA synthesis were done as described above. For qRT-

PCR we used 18S as a housekeeping gene for normalization and we show the 

relative expression values as 2-(delta Cp).  

 

FACS analysis 

Cells were incubated with mouse anti-HLA ABC (1:500, w6/32, MyBioSource, 

San Diego, CA, USA) and rabbit anti-human B2M (Dako, Denmark) antibodies 

for 30 min on ice. This was followed by a washing step with 1% BSA/PBS. 

Cells were incubated with secondary labeled antibodies (SouthernBiotech, 

Alabama, USA) for 30 min on ice, fixed with 2% paraformaldehyde PBS 

solution and analyzed on the BD FACSCalibur (BD Biosciences, New Jersey, 

USA). 

 

RESULTS AND DISCUSSION 

After applying filtering steps and excluding known variants, we observed more 

than 1,000 mutated genes in SUPHD1, around 500 in L540, KMH2, L428 and 

L1236 and around 350 in DEV and L591 (Supplementary Tables S2 and S3). 

Overall, we identified 463 recurrently mutated genes in HL regardless of 

subtype (Figure 1A) and 373 recurrent mutations specifically in cHL 

(Supplementary Figure S1). Due to lack of constitutional DNA, we cannot rule 

out presence of personal variants in the list of somatic mutations. However, 

based on SNPEFF_IMPACT, PolyPhen2 and SIFT analyses we showed that 

approximately half of the mutations most likely have a damaging effect. It 

should be noticed that the cell lines have all been established from patients 

with end stage disease and as such might contain treatment-induced mutations 

in addition to possible cell line artifacts. 
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Figure 1. Mutation patterns and gene ontology analysis. (A) 463 genes were 

mutated in at least 2 out of 7 HL cell lines. Of these 346 are shown in the left panel 

based on a high impact mutation or a SIFT score ≤0.05 in at least one HL cell line. The 

81 genes shown in the right panel includes 67 genes mutated in at least 3 HL cell lines 

and 14 genes showing high impact mutations in 2 HL cell lines. Results of the validation 

experiments by RNA-seq and Sanger sequencing are summarized in supplementary 

Table S7. Purple boxes indicate genes with mutations that have a SNPEFF_IMPACT 

score “high”, including stop gain, frame shift and splice site mutations. Green and grey 

boxes indicate genes with SNPEFF_IMPACT “moderate”, including missense 

mutations. Dark green boxes are mutations that probably are damaging based on SIFT 

score ≤0.05, light green boxes are mutations that are probably not damaging based on 

a SIFT score >0.05, grey boxes are mutations without SIFT score. (B) Heatmap of the 

gene expression levels of the 44 genes that were mutated specifically in cHL and 

differentially expressed in cHL vs GC B cells; 20 of the mutated genes were upregulated 

and 24 downregulated in cHL. The most common gene ontology classifications are 

indicated by boxes left of the gene names. 
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As a validation, we compared our WES data to the data from the Broad 

Institute that screened for the presence of mutations in a set of 1,654 genes in 

five of the cell lines (Supplementary Figure S2). Inconsistencies were checked 

and could be explained by low read numbers probably due to ineffective 

capturing. Truly inconsistent variants may represent differences that have been 

introduced during prolonged culturing and selective outgrowth of specific 

subclones. The overall consistency ranged from 72.1% in L428 to 98.5% in 

SUPHD1 for the 1584 genes analyzed in both datasets (Supplementary Table 

S3). Next, we made a comparison to previously reported gene mutations in 

individual HL cell lines (Supplementary Table S5). With the exception of the 

second deletion in SOCS1 in L1236, we confirmed all mutations. By a 

combination of Sanger sequencing and RNA-seq data analysis we confirmed 

128 out of 142 mutations shown in Figure 1B (Supplementary Table S7). 

Moreover, several genes previously reported to be mutated in primary cHL 

cases, were also mutated in the HL cell lines, e.g. TNFAIP3, NFKBIE, CYLD 

and NFKBIA.1 More recently, PTPN1 mutations were reported at a high 

frequency in cHL cases and cell lines.20 Consistent with this, we observed 

PTPN1 gene mutations in L428 and L1236 which were not called due to 

insufficient reads or strand bias. The high validation rate combined with the 

consistency with the Broad data and detection of mutations in genes previously 

reported to be mutated in HL cell lines and primary cases underscores the 

reliability and relevance of our WES analysis. 

 

Two gene ontologies, cell adhesion (n=10) and cell development and 

differentiation (n=10), were most common among the genes that were either 

mutated in at least three cell lines (n=67) or showed high impact mutations in 

two HL cell lines (n=14). There are no previous studies on mutations in cell 

adhesion genes in HL previously. Especially the FAT and MUC gene families 

are of interest as multiple members were mutated. Genes of the FAT family 

encoding transmembrane proteins are frequently mutated across multiple 

human cancer types21 and mutations in MUC4 and MUC6 were observed in 

colorectal cancer and childhood ALL.22,23 As cellular interactions with the 

microenvironment are crucial to survival and outgrowth of HRS cells, it might 

be of interest to follow-up on these cell adhesion genes. 

 

As loss of HLA expression is a common feature especially in EBV negative HL 

cases24 and the mechanisms responsible for the HLA loss are largely unknown, 

we made an inventory of the mutations in HLA associated genes. We identified 

mutations in B2M, HLA-A and CIITA in one or more of the cell lines 

(Supplementary Table S6). Presence of B2M gene mutations was confirmed by 

Sanger sequencing at the DNA and mRNA level. Consistent with the B2M  
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mutations affecting the ATG start codon, we observed no or very low 

membrane B2M and HLA class I expression in L428 and DEV by flow 

cytometry (Figure 2). At the mRNA level, B2M levels were reduced in both cell 

lines as compared to L1236, whereas HLA-A, HLA-B and HLA-C levels were in 

the same range. The reduced B2M mRNA levels might be caused by a lower 

transcriptional activity or by a reduced stability of the mRNA transcript. 

Together our findings demonstrate that mutations affecting the ATG start codon 

of B2M in L428 and DEV contribute to the lack or very low membrane 

expression of membrane B2M and HLA class I. Our WES data revealed CIITA 

mutations in 2 of the 7 HL cell lines, i.e. L428 and L1236, albeit with insufficient 

reads. Both mutations were confirmed by Sanger sequencing and were also 

present in the Broad data set. In addition, it has been shown that this gene is 

inactivated due to a chromosomal translocation in KMH2.25 CIITA encodes for 

the HLA class II transactivator and inactivation of this gene might explain 

downregulation of HLA class II expression frequently observed in primary cHL 

cases. 

 

To further establish possible pathogenic relevance of the mutated genes we 

determined if these gene loci showed copy number changes and/or aberrant 

expression patterns. Copy number variation plots were generated of the HL cell 

lines using the total read counts (Supplementary Figure S3). A proportion of the 

genes mapped to chromosomal regions that showed copy number aberrations 

in HL (Supplementary Table S7), but there was no significant enrichment of 

mutated genes in these regions. Gene expression data available for five cHL 

cell lines, i.e. L428, L540, L1236, SUPHD1 and KMH2, and three sorted GC B 

cell samples, were used to establish a possible link between mutation status 

and differential expression. In total 2,362 genes were significantly differentially 

expressed in cHL vs GC B cells after multiple testing correction. Of the 373 

genes mutated specifically in at least two of the five cHL cell lines, 20 showed a 

significant up- and 24 a significant downregulation in cHL compared to GC B 

cells (Figure 1B and Supplementary Table S7). There was no significant 

enrichment of mutated genes in the list of differentially expressed genes. The 

two most common gene ontologies in this group of 44 differentially expressed 

genes were protein modifications (n=7) and chromatin modifications and 

transcription (n=7). 
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Figure 2. Mutations affecting the ATG start codon of B2M in L428 and DEV, 

resulting in loss of B2M protein expression. (A) Translation start-site loss for B2M in 

L428 and DEV identified in WES data. (B) Confirmation of the mutations by Sanger 

sequencing at the RNA level. No wild type allele is observed by Sanger sequencing. 

The altered start codon is underlined. (C) FACS staining of B2M and HLA class I in 

L428 and DEV. As a control, L1236 cells showed normal positive staining of B2M and 

HLA class I. (D) Quantitative RT-PCR analysis of B2M, HLA-A, HLA-B and HLA-C in the 

same three HL cell lines. 

 

Although the number of WES or whole genome sequencing (WGS) studies in 

NHL is still quite limited, we explored the potential overlap of the mutation 

pattern observed in HL with that of other germinal center B cell derived NHL 

subtype8,14-19 (Supplementary Table S8). Overall, we observed a large overlap 

with genes mutated in DLBCL and FL, whereas the overlap with BL was limited 

(Supplementary Figure S4). 88 genes mutated in HL were also mutated in at 

least one of the other lymphoma subtypes. The most common gene ontology 

identified within the list of 88 overlapping genes is the chromatin modification  
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and transcription gene ontology with 13 genes, e.g. CREBBP, MLL2, MLL3, 

BCL6, HIST1H1E and EP300. Mutations of histone-modifying genes are also 

common in DLBCL and FL. The common origin of HRS cells and the tumor 

cells of DLBCL and FL is consistent with the marked overlap in the mutational 

spectrum. For BL, the overlap is limited, and further genomic studies are 

awaited to clearly establish the extent of overlap. Despite the significant 

overlap, the majority of the genes that were mutated in HL remain unique. This 

indicates that the genetic events occurring during the malignant transformation 

in HL are distinct from those in other GC B cell derived non-Hodgkin 

lymphomas. 

 

In conclusion, we determined the mutational landscape of HL cell lines by 

WES. Several of the mutated genes are in common with other germinal center 

B-cell derived lymphoma subtypes. We observed a high number of consistently 

mutated genes, with part of them mapping to regions with copy number gain or 

loss and part of them showing deregulated expression. This supports their 

potential relevance in HL and will help to select candidate genes for further 

analysis. 
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Supplementary Information 

Supplementary Table S1. Primers for PCR validation.  

 

2 



Chapter 2 

40 

 

 



WES in Hodgkin lymphoma cell lines 

41 

Supplementary Table S2. Overview of coverage and number of mutations of 

our WES data.  

 

aof all baits; bfraction of target covered by; ca complete list of all individual mutations, 

including nucleotide position, amino acid change, SNPEFF, PolyPhen2 and SIFT scores 

per cell line is given in Supplementary Tables S3. 

 

 

Supplementary Table S3. All somatic mutations of our WES data in 7 HL cell 

lines  

 

Available online (http://www.nature.com/leu) 

 

 

 

 

 

2 



Chapter 2 

42 

Supplementary Table S4. Summary of the comparison between WES data 

and reported data from the Broad Institute. 

 

* For inconsistencies we manually inspected reads of WES and Broad data. In case, the 

mutant allele was present at low read numbers we considered the mutation to be 

consistent. In case, the mutant allele was not present and the mutant allele position was 

not efficiently captured, the variant was excluded from the comparison for that specific 

cell line, i.e. inconclusive. In case the mutant position was efficiently captured but the 

mutant allele was not detected we considered it as inconsistent. 

** The overall consistency was calculated using the formula: (consistently called + 

consistent after inspection) / (consistently called + consistent after inspection + 

inconsistent) x100%. 
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Supplementary Table S5. Consistency of our whole exome seq data and data 

from the Broad Institute with current literature on single genes.  

 

WT, wild type sequence; * lack of reads for the exons previously reported to be deleted 

is consistent with presence of the large deletions.  

 

Supplementary Table S6. Overview of the mutated HLA and associated 

genes. 

 

*The two mutations in CIITA were not called in our WES pipeline due to insufficient 

reads, but were validated by Sanger sequencing and reported in the Broad data set. 
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Supplementary Table S8. Selection of genes mutated in HL and NHL for 

identification of the overlap 

 

na, not applicable 
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Supplementary Figure S1. Schematic overview of the genes mutated in at least two of 

the cHL cell lines. In total, 373 genes are mutated in more than 2 cHL cell lines. Of 

these 275 are shown in the left panel based on a high impact mutation or a SIFT score 

≤0.05 in at least one cHL cell line. The 61 genes shown in the right panel include 50 

genes mutated in at least 3 cHL cell lines and 11 genes carrying high impact mutations 

in 2 cHL cell lines. Purple boxes indicate genes with mutations that have a 

SNPEFF_IMPACT score “high”, including stop gain, frame shift and splice site 

mutations. Green and grey boxes indicate mutated genes with SNPEFF_IMPACT 

“moderate”, including missense mutations. Dark green boxes are mutations that 

probably are damaging based on SIFT score ≤0.05, light green boxes are mutations that 

are probably not damaging based on a SIFT score >0.05, grey boxes are mutations 

without SIFT score. The most common gene ontology groups are indicated by boxes left 

of the gene names. 
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Supplementary Figure S2. Initial comparison of genes mutated in our WES data 

with genes reported to be mutated in the Broad data. (A) Venn diagram showing 

that 1584 genes overlap between the Agilent capture kit and the Broad Institute. Venn 

diagrams to check the consistency of our WES data with the Broad data within the 1584 

overlapping genes for (B) SUPHD1 (C) L540 (D) KMH2 (E) L428 and (F) L1236. True 

consistency was determined after manual inspection of the raw reads for both the WES 

and Broad data sets (See Supplementary Table S4). 
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Supplementary Figure S3. Schematic representation of the copy number 

variations (CNVs) identified based on the total read counts of the WES data in all 

7 HL cell lines. The most common alterations were gains of 2p, 4q, 7p/q, 9p, 12p, 14q 

and 15q, and loss of 4q, 16q and 21p. In the upper panel the average frequency of the 

copy number gain and loss are indicated, below the copy number aberrations of each 

cell line is shown separately. The samples were centered by probe medians (cell lines 

DEV, L591, SUPHD1) or by visual selection of diploid regions (cell lines KMH2, L-1236, 

L-428 and L-540). 
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Supplementary Figure S4. Marked overlap of genes mutated in HL as compared to 

DLBCL, FL and BL. (A) Venn diagram shows the overlap between genes mutated in 

HL and three other NHL subtypes. (B) Overview of the 88 genes mutated in HL and in 

at least any one of the other lymphoma subtypes. Functional classification of genes is 

indicated by the boxes left to the gene names. 55 genes were mutated both in HL and 

DLBCL, 42 in HL and FL and 6 in HL and BL. 
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