
Clonally related diffuse large B-cell lymphoma and
interdigitating dendritic cell sarcoma sharing MYC
translocation

Interdigitating dendritic cell sarcoma (IDCS) is a rare
neoplasm considered to derive from a dendritic cell.
Recent studies have shown that B- or T-lymphoblastic
leukemia/lymphomas can develop clonally related histio-
cytic/dendritic cell (H/DC) neoplasms, such as histiocytic
sarcoma, Langerhans cell sarcoma, and IDCS.1-3

Considering the cell types involved, these H/DC neo-
plasms experience lineage conversion from lymphoid
neoplasms into myeloid neoplasms. One explanation of
this phenomenon is that the origins of lymphoblastic
leukemia/lymphomas are immature precursor lymphoid
cells, which might retain lineage plasticity. However,
mature B-cell lymphomas, such as follicular lymphoma
and small lymphocytic lymphoma, can also develop
H/DC neoplasms with identical genetic changes.4,5 These
observations indicate lineage plasticity even in lineage-
committed mature B-cell neoplasms, and the precise
mechanism of such lineage conversion is still unknown.
Diffuse large B-cell lymphoma (DLBCL) is a common
subtype of aggressive B-cell non-Hodgkin lymphoma,
which sometimes harbors MYC gene rearrangement.
Herein, we describe the first case of DLBCL with MYC
translocation that subsequently developed into clonally
related IDCS. We performed a comprehensive genomic
analysis using time-sequential samples to elucidate clonal
development and driver event of lineage conversion from
B-lymphoid into myeloid lineage. 
A 52-year-old man with human immunodeficiency

virus type 1 (HIV-1) infection presented with rapidly
enlarging axillary lymph nodes (Figure 1A, left).
Immunohistochemical analysis of the left axillary lymph
node biopsy revealed that the tumor cells were positive
for CD10, CD20, BCL6, MYC, and MKI67 (their index
was more than 95%), but negative for BCL2 or EBER
(Figure 1B, top). Fluorescent in situ hybridization (FISH)
analysis revealed the presence of MYC translocation. We
diagnosed the tumor as MYC positive DLBCL and per-
formed first-line chemotherapy. After a transient com-

plete remission state, DLBCL relapsed in the same lesion
(Figure 1A, center), and the patient received salvage
chemotherapies, including allogeneic bone marrow
transplantation. However, an FDG-PET/CT scan taken
after transplantation showed strong FDG accumulation
in multiple organs, whereas FDG uptake at the original
lesion site disappeared (Figure 1A, right). Upper gastroin-
testinal endoscopy on day 35 after transplantation
showed multiple submucosal tumors, and immunohisto-
chemical analysis of the gastric tumor biopsy revealed
that tumor cells were strongly positive for S100, fascin,
and CD163 and focally positive for CD68, but negative
for lysozyme, CD1A, langerin, CD20, CD21, myeloper-
oxidase, or PAX5 (Figure 1B, bottom). We diagnosed the
tumor as IDCS with histiocytic differentiation. In addi-
tion, this tumor showed no evidence of DLBCL, which
was evident from negativity for PAX5 and CD20. To
investigate the clonal relationship of DLBCL and subse-
quently developed IDCS, genetic studies were performed
in accordance with the Declaration of Helsinki and
approved by the Ethics Committee of the Graduate
School of Medicine, Kyoto University, and Kobe City
Medical Center General Hospital. A written informed
consent was obtained for genetic studies. We performed
immunoglobulin heavy chain (IGH) gene rearrangement
analysis by PCR of DNAs extracted from DLBCL and
IDCS specimens, which revealed identical peaks in both
tumors (Figure 1C). FISH experiments performed on
paraffin section using MYC (8q24) break apart probes
revealed that both DLBCL and IDCS cells had split MYC
signals (Figure 1D). These results indicated that both
tumors from distinct lineages had a clonal relationship.
Detailed clinical course and experimental methods are
described in the Online Supplementary Information.
Next, we performed whole-exome sequencing (WES),

using samples of DNA from DLBCL, IDCS, and normal
tissue (buccal cells, as control). Overall, the average depth
for WES was 142× and 93% of the exome targets covered
more than 30×. In total, 37 somatic non-synonymous
mutations in nine genes were identified and validated by
amplicon sequencing (Figure 2A, Table 1, and Online
Supplementary Table S1). Of these mutations, 34 were
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Table 1. Non-synonymous somatic mutations in diffuse large B-cell lymphoma and interdigitating dendritic cell sarcoma.
DLBCL IDCS

Gene Gene ID Genome Mutation Nucleotide Amino VAF Copy VAF Copy
position type change acid change number number

Common
PCDHB1 NM_013340 chr5:140431783 missense c.C728T p.S243L 0.27 normal 0.27 gain
PRPH2 NM_000322 chr6:42672335 missense c.A596G p.N199S 0.20 gain 0.14 gain
MYC NM_002467 chr8:128750526-128751265 multiple normal gain

(Online Supplementary Table 1)
PTEN NM_000314 chr10:89712018 splice site c.634+2->AA 0.57 UPD 0.37 UPD
BAIAP3 NM_001199096 chr16:1396315 missense c.G2338T p.D780Y 0.59 loss 0.23 loss
TP53 NM_000546 chr17:7579406 nonsense c.C281G p.S94X 0.23 normal 0.17 normal
IDCS specific
SETD2 NM_014159 chr3:47098424 nonsense c.C6850T p.Q2284X 0.00 normal 0.13 normal
KMT2D NM_003482 chr12:49420210 missense c.T15539G p.V5180G 0.00 gain 0.06 normal
ERBB3 NM_001982 chr12:56493761 missense c.C3077A p.T1026K 0.00 gain 0.03 normal

DLBCL: diffuse large B-cell lymphoma; IDCS: interdigitating dendritic cell sarcoma; VAF: variant allele frequency; UPD: uniparental disomy..



present in both DLBCL and IDCS, whereas three were
specific to IDCS. We found a total of 29 mutations in
MYC exon 2, all of which were common to both tumors.
We also analyzed copy number alterations using
sequencing depth and allele frequencies of heterozygous
single nucleotide polymorphisms and revealed complex
karyotype-like abnormalities, including uniparental dis-
omy of chromosome 10q in both tumors (Figure 2A and
Online Supplementary Figure S1). Therefore, biallelic inac-
tivation of the PTEN gene was evident due to a splice site
mutation and uniparental disomy of chromosome 10q in
both tumors. Next, to clarify the clonal architecture of
both tumors, we calculated the tumor cell fraction of
each mutation based on the variant allele frequency,
involved copy number, and estimated tumor purity
(Figure 2B). We found that major clones of both tumors
contained all common mutations, whereas some IDCS-
specific mutations were subclonal. IDCS-specific muta-

tions in genes such as SETD2, KMT2D, and ERBB3 were
putative drivers that enforced clonal evolution from
DLBCL to IDCS (Figure 2C).
Recent comprehensive genetic studies have identified

many genetic drivers of DLBCL and classified the disease
into some specific molecular subgroups.6,7 In our case, we
identified genetic alterations in known targets such as
TP53 mutation, biallelic inactivation of the PTEN gene,
and somatic hypermutation (SHM) of the MYC gene, in
addition to the MYC translocation. Our case was classi-
fied into germinal center B cell-like DLBCL by Hans algo-
rithm, did not show the typical genomic characteristics of
a specific molecular subgroup based on the mutation pro-
files of DLBCL,7 and was characterized by the MYC
translocation and mutations which are associated with
poorer survival.6 Though MYC translocation is also a fea-
ture of Burkitt lymphoma, our case did not show the
genetic hallmarks of Burkitt lymphoma other than MYC
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Figure 1. Clinical findings in a patient with diffuse large B-cell lymphoma (DLBCL) and interdigitating dendritic cell sarcoma (IDCS). (A) FDG PET/CT scans at
diagnosis (left), at relapse (center), and after transplantation (right). (B) Hematoxylin-eosin staining (original magnification ×200) and immunostaining of tumors.
(C) DLBCL and IDCS cells show identical clonal peaks according to PCR for the immunoglobulin heavy chain (IGH) gene. Primers for IGH variable framework
region 2 and joining region were used. (D) Fluorescent in situ hybridization using MYC break apart probes demonstrates splitting of MYC gene signals (arrows)
in DLBCL and IDCS cells.
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translocation such as mutations in ID3 and TCF3.8 IDCS
is an extremely rare disease, and only ~100 cases have
been described in literature. Although TP53 and BRAF
mutations have been reported in several cases,9 the
molecular basis of this neoplasm largely remains
unknown due to the lack of comprehensive genomic
studies. WES of IDCS demonstrated a mutational profile
similar to that of DLBCL, with mutations in the tumor
suppressor genes TP53 and PTEN and multiple mutations
in MYC. In addition, we found IDCS-specific mutations
in genes such as SETD2, KMT2D, and ERBB3. SETD2
and KMT2D are associated with histone modification
and are frequent targets of somatic mutations in cancers,
including lymphomas.6 Deregulated epigenetic modifica-
tions due to these mutations may act as driver events in
IDCS development. Furthermore, somatic mutations of
ERBB3, which encodes a member of the epidermal
growth factor receptor family of receptor tyrosine kinas-
es, are common in colorectal and gastric cancers, but rare
in hematological malignancies. The function of this gene
remains elusive.10 Of note, IDCS as well as DLBCL har-

bored IGH rearrangement, MYC SHM, and even MYC
translocation, which had not ever been identified in
IDCS in literature. Although these novel genetic lesions
may be involved in IDCS pathogenesis, further genetic
studies investigating larger cohorts are needed to estab-
lish IDCS genetic landscape properly. 
DLBCL and IDCS originate from two distinct (B-lym-

phoid and myeloid) lineages, and there are several possi-
ble pathways that can mediate lineage conversion. Here,
we consider this lineage conversion process as transdif-
ferentiation defined as direct conversion of a lineage-
committed cell to another type of differentiated cell. This
hypothesis is supported by the characteristic genetic
alterations common to both tumors, such as IGH
rearrangement, MYC SHM, and MYC translocation,
which helped us to determine the developmental stage of
the common ancestor B cell. Firstly, the origin of both
tumors can be traced back to the bone marrow because
they harbored clonal IGH gene rearrangement, which is
considered to occur as a recombinase-mediated event in
the bone marrow at the pre-B cell stage. Secondly, the
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Figure 2. Whole exome sequencing data and clonal architecture of DLBCL and IDCS. (A) Somatic mutations and copy number alterations (CNAs) in DLBCL and
IDCS. Chr: chromosome; LOH: loss of heterozygosity; SNV: single nucleotide variant. (B) Distribution of tumor cell fraction (TCF) of each mutation. (C) Scheme
summarizing clonal evolution from DLBCL to IDCS. Each color represents a distinct mutation. The timeline is indicated below. SHM: somatic hypermutation; allo-
SCT: allogeneic stem cell transplantation. 
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shared MYC translocation and MYC SHM in both tumors
indicated that the putative common ancestor cell had
already been differentiated to the germinal center B cell
stage because these genetic changes are known to be
caused by the activity of activation-induced cytidine
deaminase in the germinal center.11,12 Based on these find-
ings, we propose that this lineage conversion was indeed
transdifferentiation as the putative common ancestor cell
had already been fully differentiated at the mature B cell
stage and lineage conversion occurred thereafter (Figure
2C).
The precise mechanism of this lineage conversion

remains unknown. However, because lymphoid neo-
plasms have preceded or coincided with H/DC neo-
plasms in all reported cases so far, it is reasonable to sup-
pose that additional driver mutations in lymphoid neo-
plasms drive lineage conversion into H/DC lineage. We
found mutations in two tumor suppressor genes, PTEN
and TP53, in both DLBCL and IDCS. It has been reported
that PTEN is involved in myeloid-lymphoid lineage plas-
ticity and the development of H/DC neoplasms.13 It is
also known that TP53 plays a key role in somatic cell dif-
ferentiation and reprogramming.14 Therefore, mutations
in these two tumor suppressor genes might increase the
lineage plasticity and susceptibility to transdifferentia-
tion. In addition, histone modification is a major epige-
netic regulator and plays a crucial role in somatic cell
reprogramming and transdifferentiation.15 Thus, IDCS-
specific mutations in the histone modifying genes SETD2
and KMT2D may drive transdifferentiation through
altered histone modification. However, this study
involves only a single case, and further studies investigat-
ing larger cohorts should uncover the frequent driver
events of this dynamic evolutionary process.
In summary, our study confirmed the presence of MYC

translocation not only in DLBCL but also in subsequently
developed IDCS, which indicated transdifferentiation of
mature B-cell neoplasm into H/DC neoplasm. A compre-
hensive genomic analysis revealed novel genomic alter-
ations in IDCS and identified the putative driver events
of transdifferentiation.
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