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Classical Hodgkin Lymphoma

Lymphoid malignancy in which tumor (HRS) cells usually represent a minor
population (< 1-2 %) within the affected tissue, whereas the majority of the
malignancy is composed of benign lymphocytes, eosinophils, macrophages,
fibroblasts, … (inflammatory microenvironment)

• Origin: GC B-lymphocytes
• Phenotype:

•PAX5+, MUM1+, CD20-/+, CD79a-, Bcl6-, 
•Igs(BCR)-, OCT2-/+
•CD30+, CD15+ (70-80%), EBV(LMP1)+ (40-70%)

• Genetics: 
•Rearranged and somatically mutated Ig genes
•Gains of 9p and 2p CD20 CD15 EBV (LMP1) CD30



• Defective transcription of 
Ig genes (crippling 
mutations, deficit of 
transcription factors, 
epigenetic deregulation,…)

• Immune to the physiological CD95/FAS-mediated apoptosis that 
occur in normal GC B-lymphocytes that do not express functional Igs

Classical Hodgkin Lymphoma: absence of BCR expression



Mutations References

Associated with constitutive NF-κB activity:

NFKBIA (IκBα), is inactivated by somatic mutations in about 15-
20% of cHL, 
NFKBIE (IκBε) is also mutated in a few cases

Cabannes et al. Oncogene 1999
Emmerich et al. Blood 1999
Emmerich et al.  J Pathol 2003
Jungnickel et al. J Exp Med 2000

TNFAIP3 (A20) mutations in 16/36 cHLs (microdisected HRS cells)
A20 mutations in 5/15 cHLs

Schmitz et al, J Exp Med. 2009
Kato etal. Nature. 2009

Associated with JAK/STAT activation:

SOCS-1 mutations, 8/19 cHL samples (microdisected
HRS cells), and in 3/5 HL-derived cell lines

Weniger et al, Oncogene. 2006

Suppressor genes:

TP53 mutations very rare Montesinos-Rongen et al. Blood 1999
Maggio et al. Int J Cancer 2001

FAS/CD95 mutations very rare Müschen et al. Cancer Res  2000

Latest results (NGS):

PTPN1 mutations in PMBCL, 6/30 cHL samples Gunawardana et al. Nature Genetics 2014

B2M mutations, 7/10 cHL samples (flow-sorted HRS cells) Reichel et al. Blood 2015

Gene Mutations Previously Described



Aberrant IkBa protein in Hodgkin's 
disease-derived cell lines

The IkBa gene is mutated in L-428 and 
KM-H2 cell lines, demonstrated by PCR

Detection of an IkBa allele mutation in a biopsy 
sample from 1 out of 4 HD patient samples 
(Cd30+ enriched fraction by flow)



J. Exp. Med. 2000. 191; 2(17):395–401

In single H/RS cells 
micromanipulated
from histological 
sections of HL, we 
detect clonal 
deleterious somatic 
mutations in the 
IkBa gene in two of 
three EBV- negative 
cases but not in two 
EBV-positive cases 



J. Exp. Med. 2000. 191; 2(17):395–401



J. Exp. Med. 2000. 191; 
2(17):395–401

EBV(+)

EBV(-)



J. Exp. Med. 2000. 191; 2(17):395–401

• In several PCR products amplified from the H/RS cells of cases 2–5 
unique nucleotide exchanges were detected. …, and are thus 
apparently not due to mutations present in all malignant cells. 

• These mutations might indicate enhanced mutability of the IkBa gene, 
reflect the genomic instability of H/RS cells, or be derived from Taq
DNA polymerase errors. 

• … the frequent occurrence of this type of mutation emphasizes an 
important issue: one can only invoke clonal genetic defects as an early 
event in tumorigenesis. 



Blood 1999;94:3129-3134



Western blot analysis of IκBα proteins in HD-derived cell lines. 

Florian Emmerich et al. Blood 1999;94:3129-3134

©1999 by American Society of Hematology



Detection of Mutations in the Intron and Exon Regions of
the IkBa Gene in Single HRS Cells

©1999 by American Society of Hematology

Florian Emmerich et al. Blood 1999;94:3129-3134





J Exp Med. 2009 
206(5):981-9. 



J Exp Med. 2009 
206(5):981-9. 





Mechanism of aberrant NF-κB activation through the canonical signaling pathway in human 
lymphomas. 

Philipp J. Jost, and Jürgen Ruland Blood 2007;109:2700-
2707

©2007 by American Society of Hematology

TNFAIP3
(A20)



Mechanism of aberrant NF-κB activation through the alternative signaling pathway in human 
lymphomas. 

Philipp J. Jost, and Jürgen Ruland Blood 2007;109:2700-
2707

©2007 by American Society of Hematology



• SOCS-1 mutations, 8/19 cHL samples 
(microdisected HRS cells), and in 3/5 HL-
derived cell lines









Nature Genetics 46, 329–335 (2014)



Somatic mutations discovered by next-generation sequencing
• To discover somatic mutations in PMBCL, we used whole-genome sequencing,

comparing tumor genomes for two index cases to matched constitutional genomes.
• …we found mutations in two negative regulators of the JAK-STAT signaling pathway,

SOCS1 and PTPN1
• …Analysis of the transcriptome by RNA-seq of five additional cases and three

PMBCL cell lines identified PTPN1 mutations in two more cases

PTPN1 is mutated in PMBCL and Hodgkin lymphoma
• We screened the complete coding sequence of PTPN1, comprising 10 exons, for

genomic mutations in an additional 70 PMBCL samples by Sanger sequencing and
deep amplicon sequencing.

• …we found 20 variants in our PMBCL cohort (18 mutations in 17 of 77 clinical
samples and 2 mutations in 1 of 3 cell lines screened), with some cases harboring
multiple mutations.

• Because classical Hodgkin lymphoma is a closely related disease entity, we also
screened 9 Hodgkin lymphoma–derived cell lines and 30 samples of Hodgkin Reed-
Sternberg (HRS) cells, microdissected from classical Hodgkin lymphoma. A total of
12 mutations were discovered (6 in 30 microdissected HRS cells and 6 in 9 cell lines
screened

Nature Genetics 46, 329–335 (2014)





Reichel et al. Blood 2015
B2M mutations = loss of cell-surface HLA-I, mechanisms 
of tumor evasion from the Immune Response? 



NGS analyses of HL primary tumors

• We analyzed 57 cHL tumor samples (FFPE) and 7 cHL-derived cell lines 
using massive parallel sequencing (Ion Torrent™). 

• Previous tumor cell enrichment process by punch tissue cores from 
selected tumor-rich areas was implemented. 

• Bioinformatics analysis, including alignment with germline sequences 
and SNPs filtering, were done using the Torrent Suite Software and 
Variant Caller. Pathogenic prediction of single nucleotide variants 
(SNVs) and mutation interpretation were performed using the Alamut
and Provean softwares. 

• Experiments were done in duplicate to minimize false positive rates.

Mata et al. Summited (2016)



cHL tumor samples series (FFPE)

FEATURE N %
Age

< 45 37 68,52
≥ 45 17 31,48

Gender
Male 26 48,15

Female 28 51,85
IPS

0-2 35 64,81
≥ 3 19 35,19

Outcome
Refractory 18 33,96

Complete response 35 66,04
Ann Arbor Stage

< IV 36 67,92
≥ IV 17 32,08

FEATURE N %
Histology

Nodular sclerosis 34 61,82
Mix celularity 13 23,64

Lymphocyte rich 6 10,91
NA 2 3,64

EBV
Positive 15 28,30
Negative 38 71,70

Mata et al. Summited (2016)



Target gene selection 
• Target genes were selected by previous analyses of the 

mutational profile of cHL with Illumina Hiseq and Sure Select 
technology (Agilent Technologies) in an initial discovery 
cohort of 7 tumor tissue samples (freshly frozen), with a 
targeted analysis of 522 genes involved in HL biology and B 
cell-related pathways.

• The final panel included 36 selected genes recurrently 
mutated in this initial discovery cohort (variants detected in 
at least 2 samples).

Mata et al. Summited (2016)



Target gene selection (I)



Target gene selection (II) (Ion Ampliseq
DNA custom panel)

COVERAGE STATUS DESIGN CRITERIA

GENE SEQUENCING AMPLICONS TOTAL
BASES

COVERED 
BASES OVERALL COVERAGE (%) cHL PREVIOUS

SEQUENCING DLBCL BIOLOGICAL 
RELEVANCE

B2M

COMPLETE GENE

6 393 393 100 X X X
CARD11 49 3729 3674 98,52 X
CASP8 23 2263 2232 98,63 X
CSF1R 42 3150 3150 100 X
BCL10 11 735 704 95,78 X

NFKBIA 14 1020 970 95,09 X X
STAT6 37 2795 2795 100 X

BTK 28 2178 2153 98,85 X
IL32 10 850 760 89,41 X
MYB 34 2787 2721 97,63 X

SH3BP5 16 1502 1296 86,28 X
ABL1

REGION

8 3393 431 12,7 X
ADAM8 4 2229 178 8 X

CD19 3 1674 144 8,6 X
CD38 2 903 88 9,7 X

NFKB2 5 2700 238 8,8 X
PIK3CD 5 3135 205 6,5 X

RET 8 3219 391 12,14 X
TNFRSF14 1 852 58 6,8 X

CSF2RB 4 2694 164 6 X X
FAS 1 7536 41 0,5 X X
LCP1 1 1866 41 2,2 X
LTB 2 234 110 47 X

MAPK3 2 1074 82 7,6 X
MDM2 2 966 82 8,4 X
NUMA1 5 6306 205 3,2 X
PLCG2 3 3798 131 3,4 X

SMARCA4 7 4842 322 6,6 X
NOTCH1 4 7668 269 3,5 X X
CREBBP 3 7215 252 3,4 X
EP300 8 7245 460 6,3 X
STAT3 1 2169 103 4,7 X
MYC 2 1365 82 6 X
EZH2 1 2214 25 1,1 X

MYD88 1 480 44 9,1 X

The final panel included 
36 selected genes 
(recurrently mutated in 
cHL samples) consisting 
in 353 amplicons: 
complete coding regions 
from 11 genes and 
additional 81 selected 
regions from 25 genes. 



Technical approach

1% 5-10%



Filtering criteria

• Duplicate concordance
• Coverage over 100 reads on both duplicates
• Allele frequency > 1%
• SNVs in the middle of the amplicon 
• Exonic regions
• Damaging or deleterious prediction by Provean or Alamut software's.



Results (I)

• Overall, the results show very high genomic heterogeneity with a range 
of 10-400 SNVs per sample, most of them (~60%) missense type. 

• We found a relatively large number of genes recurrently mutated at 
low frequency and only a few genes mutated in up to 15-20% of the 
patients, reflecting a high level of genomic instability in the neoplasm. 

Mata et al. Summited (2016)
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Mata et al. Summited (2016)



Results (II)

• Specific mutations in genes previously described in cHL (NFKBIA, 
TNFRSF14, B2M) and in diffuse large B-cell lymphomas (CARD11, 
STAT6, CREBBP, CMYB) were consistently found, as well as new 
SNVs in genes not previously described (BTK, NFKB2). 

• Mutations affecting selected genes (B2M, CARD11, NFKBIA, 
CSF2RB, and STAT3) in cell lines were additionally validated by 
Sanger sequencing.



cHL tumor samples series results



Recurrent mutations in cHL
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Mutation analyses in cHL-derived cell lines

Mutations affecting selected genes 
(high frequency SNVs: B2M, CARD11, 
NFKBIA, CSF2RB, and STAT3) in cell 
lines were additionally validated by 
Sanger sequencing.

cHL-derived 
cell line

Chromosome
Chromosomal 

position
Base change Frequency  Coverage Gene ID Type

Amino acid 
change

HDLM2 chr14 35871799 A>G 4.0 247 NFKBIA SNV L236P

HDLM2 chr17 40474420 C>A 58.0 100 STAT3 SNV D661Y

HDLM2 chrX 100625061 A>G 3.2 158 BTK SNV Y106H

KMH2 chr7 2956982 T>A 45.7 608 CARD11 SNV D882V

KMH2 chr7 2978436 GTCTGA>- 51.0 4935 CARD11 Deletion DS296*

KMH2 chr16 3117390 G>A 24.1 2235 IL32 SNV D10N

KMH2 chr22 37325765 G>A 48.4 3123 CSF2RB SNV V212I

KMH2 chr5 149450132 T>C 46.5 5884 CSF1R SNV H362R

KMH2 chr14 35871136 TTC>- 92.8 318 NFKBIA Deletion  - 

L1236 chr12 57496662 C>T 88.7 8647 STAT6 SNV D419N

L1236 chr12 57496668 T>A 88.9 8580 STAT6 SNV N417Y

L428 chr16 3117426 C>T 23.8 3483 IL32 SNV L22F

L428 chr14 35871707 G>A 61.4 933 NFKBIA SNV Q267*

L428_N chr15 45003746 T>A 7.9 865 B2M SNV M1K

HDMYZ chr22 41568567 G>T 52.2 2251 EP300 SNV G1506V

HDMYZ chr11 71718315 C>T 33.6 373 NUMA1 SNV D1795N

L591 chr5 149450132 T>C 46.2 492 CSF1R SNV H362R



high prevalence of mutations affecting BTK
and the BCR pathway

> 20% of cases 
accumulate mutations 
affecting members of the 
BCR signaling pathway.

BCR

BTK

CARD11 BCL10
MALT1

CYLD

NFKB

IKKα
IKKε

10.3%

6.9%
5.2%
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Functional studies: Ibrutinib and AVL-292 
treatment (BTK inhibitors) in CLH cell lines

ABC-type
DLBCL

GC-type
DLBCLcHL

ABC-type
DLBCLcHLGC-type

DLBCL



BTK Expression in primary HRS Cells

72% of the tumors showed Btk protein 
expression in our series: Btk positivity (+) 
was concluded for cases with a level of 
expression comparable to that seen in 
normal germinal center B lymphocytes, as 
reference. (C) Kaplan–Meier survival curves 
demonstrate longer FFS in wt-BTK cases 
(P<0.05). (D) Survival curves demonstrate a 
longer FFS in cases with a low level of 
expression of Btk protein (P=n.s.).



Ibrutinib as a single agent to two heavily pretreated patients with primary 
refractory cHL. One of the patients showed almost complete regression of 
the disease two months after initiation of a therapy that lasted for 4 months. 
The second patient showed a stable complete response four months after 
the initiation of treatment



Conclusions

- NGS technologies are suitable for gene mutation identification in cHL.

- Overall, the results show high genomic instability, including numerous mutations in 
genes related with B-cell function and specific signaling pathways: similar 
mutational profile between cHL and DLBCL / PMLBCL.

- High prevalent mutations (drivers?): 

- Affecting NFkappaB pathway: 
- NFKBIA (IκBα) and NFKBIE (IκBε) 
- TNFAIP3 (A20) 

- Associated with JAK/STAT activation:
- SOCS-1 mutations, PTPN1 mutations (also in PMBCL), STAT6

- B2M mutations, (loss of cell-surface HLA-I, immune scape?) 
- Mutations affecting BTK and the BCR pathway
- Epigenetic regulation, EP300, CREBBP
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