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Established Facts

« Composite neoplasms of the lymphoid and dendritic cell lines have repeatedly been reported. They are
usually genetically related. Direct lineage transdifferentiation or divergent common progenitor cell
differentiation are the underlying mechanisms increasingly discussed to explain this phenomenon,
while other cases are attributed to coincidence, some sort of reaction or the influence of therapy.

Novel Insights

o We present a unique case of a combined pro-T lymphoblastic ymphoma and indeterminate dendritic
cell tumor, both bearing +21, a combination that has never been reported before. The mechanisms of
transdifferentiation and especially of divergent common progenitor cell differentiation are discussed
based on the case observations and on a review of the most recent literature.
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Abstract

Until recently, hematopoietic neoplasms were considered
monoclonal proliferations belonging to one cell lineage. In
the last years, evidence for transdifferentiation from one cell
lineage to another or divergent common progenitor cell dif-
ferentiation has accumulated, mainly based on composite
hematolymphoid tumors, sharing common genetic abnor-

malities. We report the case of a 59-year-old woman with a
composite pro-T lymphoblastic lymphoma (LBL) and inde-
terminate dendritic cell tumor infiltrating the lymph nodes,
bone marrow and stomach. Genetic analyses revealed that
both cell populations bore +21, while a G13D mutation of
the NRAS gene and monosomy 18 were detected only in the
pro-T LBL. The synchronous appearance of two distinct un-
common hematolymphoid tumors in the same patient, re-
current at three different anatomic locations, with an identi-
fiable common genetic denominator, namely +21, but also
with unique genetic anomalies in the pro-T LBL raises the
hypothesis of a divergent common progenitor cell differen-
tiation. © 2014 S. Karger AG, Basel
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Introduction

For along time, hematopoietic tumors have been con-
sidered as neoplastic proliferations of a distinct cell line
at various stages of differentiation. This is reflected in the
classification of hematopoietic neoplasms, which is main-
ly based on the lineage of the respective postulated cell of
origin [1]. Indeterminate dendritic cell tumor (IDCT) is
a rare neoplastic proliferation of indeterminate cells,
which phenotypically resemble Langerhans cells but lack
Langerin expression and Birbeck granules [1, 2]. Patients
predominantly present with skin lesions, but also cervical
lymph node and bone marrow involvement in the ab-
sence of skin manifestations have been reported [2-4]. A
few case reports describe IDCTs in association with other
hematolymphoid tumors, mainly low-grade B-cell lym-
phomas [2, 5, 6]. To our knowledge, there is no published
case of an IDCT in combination with a pro-T lympho-
blastic lymphoma (LBL) to this date and no cases with
in-depth molecular analysis of a possible clonal relation-
ship between the two components.

Combined lymphoid and dendritic neoplasms in the
same patient other than the above are rare but have been
reported previously, most frequently cases of Hodgkin
lymphomas or B- or T-cell lymphomas in combination
with Langerhans cell histiocytosis (LCH). Initially, the as-
sociation was taken either as a coincidence or as a peculiar
reaction, such as an immune response [7, 8]. A possible
influence of the therapy has also been suggested [9]. Oth-
er established causal factors for IDCTs or combined lym-
phoid and dendritic neoplasms have not been reported,
while known exogenous exposures in acute lymphoblas-
tic leukemia (ALL) include ionizing radiation, possibly
high levels of electromagnetic field radiation, and abnor-
mal or dysregulated immune response to infections [10].
More recent molecular data revealed clonal relationships
between both components of such combined tumors.
Transdifferentiation from one cell lineage to the other is
anticipated [11]. Changes in transcription factor expres-
sion leading to transdifferentiation have been postulated
[12, 13]. This hypothesis is supported by the well-known
importance of interplays between transcription factors in
normal hematopoietic lineage commitment [14].

Case Report and Materials and Methods

Case Report

We report the case of a 59-year-old woman who was admitted to
Vilnius University Hospital with generalized lymphadenopathy and
splenomegaly in November 2010. She had been a chemical industry
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worker for years. Pre-existing conditions were primary arterial hy-
pertension, episodes of angina pectoris and depression (use of anti-
depressants). Lactate dehydrogenase (469 IU/I) and eosinophils
(0.65 x 10%/1) were elevated, whereas the platelet count (126 x 10°/1)
was low. The number of white blood cells (5.89 x 10°/1) was normal,
but the lymphocyte ratio was elevated (45.7%). Lymph node and
bone marrow biopsies were performed at that time. Flow cytometry
of the bone marrow aspirate revealed 35% undifferentiated blasts
with the following phenotype: CD45RA+dim, CD7+, CD33+,
CD34+dim, cTdT+dim, CD99+, HLA-DR+, CDla-, CD2-,
sCD3-, cCD3+dim, CD4-, CD8-, CD13-, CD117-, and MPO-. No
MLL/AF4, ETV6/RUNXI, E2A/PBX1, or SIL/TALI fusion products
were detected. After a short period of refusing any chemotherapy, the
patient was treated according to protocols for ALL, and the lymph-
adenopathy initially regressed. Due to refractory disease and histo-
logically confirmed gastric involvement of the composite lymphoid
and dendritic tumor, the treatment regimen was changed to pallia-
tion. The patient died of disease in 2013. No autopsy was performed.

Materials and Methods

The cervical lymph node biopsy specimens were routinely fixed
in formalin and embedded in paraffin wax. Hematoxylin and eosin
(HE) as well asimmunohistochemical stainings for CD4, CD45RO,
$100, CD68, CD1a, CD7, CD117, TdT, CD34, Ki67, Bcl2, CD43,
CD2, CD3, CD5, CD8, CD56, LMO2, Langerin, and PU.1 were
performed. Fluorescence in situ hybridization (FISH) analyses ap-
plying the UroVision [consisting of chromosome enumeration
probes (CEP) 3, 7, 17 and a 9p21 locus-specific identifier probe;
order No. 02]J27-095 from Abbott/Vysis] and AneuVision (con-
sisting of CEP 13, 18, 21, X and Y; order No. 05J38-050 from
Abott/Vysis) as well as immunoglobulin heavy chain (IGH; chro-
mosome 14q)/C-MYC (chromosome 8q)/CEP 8 (order No. 05]75-
001 from Abbott/Vysis) probes were performed to assess common
cytogenetic aberrations in both the larger cell component of the
IDCT and the smaller cell component of the pro-T LBL. To prop-
erly consider the respective cellular populations, assessment of the
FISH probes was performed after optical control of serial sections
in areas particularly rich in CD1a (IDCT cells) or LMO2 (pro-T
LBL cells) positively stained cells, respectively. To exclude consti-
tutional chromosomal aberrations, tumor-free soft tissue struc-
tures from the periphery of the lymph node were examined by
FISH as well.

Tissue samples for molecular analysis were obtained in a first
step by scratching off cells from immunohistochemically stained
uncovered glass slides. To identify the appropriate spots, serial sec-
tions were separately stained each for LMO?2 as discerning marker
for pro-T LBL and for CD1a as discerning marker for IDCT. In a
second step, tissue sections were again immunohistochemically
stained with the same markers, but then collected by laser capture
microdissection. This step was crucial to exclude any contamina-
tion, since the pro-T lymphoblasts were diffusely distributed
among the population of the IDCTs. In addition, tumor-free adi-
pose tissue of the periphery of one slide was scratched off to ex-
clude a possible germline mutation of the NRAS gene [15]. DNA
was extracted and purified utilizing the QIAamp DNA Mini Kit
(Qiagen), according to the manufacturer’s recommendations. T-
cell clonality was evaluated by our four-color semi-nested multi-
plex polymerase chain reaction assay and automated high-resolu-
tion fragment analysis. This assay is designed to determine clonal
T-cell receptor (TCR) y and IGH rearrangements as well as to de-
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Fig. 1. Conventional histology of cervical
lymph node biopsy specimen. A Low-pow-
er view of a cell-rich tumor with dark and
light spots destroying the normal lymph
node architecture and infiltrating the sur-
rounding adipose tissue. HE. x40. B Light
spot showing large histiocytic cells with
abundant eosinophilic cytoplasm and ir-
regular nuclear grooves. HE. x640. ¢ Dark
spot showing small lymphoid cells with
sparse cytoplasm diffusely distributed be-
tween the histiocytic cells. HE. x640.

tect the t(14;18) and t(11;14) [16]. Mutational analysis examined
hotspots in genes known to be mutated in T-LBL or T-cell ALL [17,
18], including KRAS (exon 2, codons 12 and 13), NRAS (exon 1,
codons 12 and 13), BRAF (exon 15, codons 600 and 601), IDH1
(exon 4, codon 132), and IDH2 (exon 4, codon 172). Sequence
analysis was performed by capillary electrophoresis and laser-in-
duced fluorescence detection on an ABI 310 Genetic Analyzer us-
ing the sequencing analysis software version 5.2.0 (Applied Biosys-
tems). All products were sequenced bidirectionally.

Results

The lymph node biopsy specimens showed effacement
of the architecture by a composite cell population infil-
trating the perinodal tissue (fig. 1A). Large histiocytic
cells with abundant eosinophilic cytoplasms showing
some retraction artifacts represented the most prominent
population. These cells had wrinkled and cleft nuclei with
irregular nuclear grooves and distinct nucleoli (fig. 1B).
The second population was composed of small immature
lymphocytes with scant cytoplasm. Their nuclei were
round to oval and had indistinct nucleoli (fig. 1C). CD1a
(fig. 2A), S100, CD4, and PU.1 were positive in the histio-
cytic population. The lymphoid population was positive
for CD7 (fig. 2B), TdT, CD34, LMO2, and CD43 and neg-

Composite Pro-T LBL and IDCT

ative for CD1a, CD2, CD3, CD4, CD5, CDS8, CD56, and
PU.1. CD68 and Langerin (fig. 2D) were negative in both
populations. MIBI staining showed a proliferation index
of about 40 and 70% in the histiocytic and lymphoid cell
population, respectively (fig. 2C). The same applied to the
bone marrow specimen, where both populations were
present as well (data not shown). A gastric biopsy speci-
men obtained later on showed a dense infiltrate by the
same composite cell population (fig. 2E), verified by the
expression of CD7 in the more prominent pro-T LBL
component (fig. 2F), and the expression of CD1a in the
dendritic cell component (fig. 2G). Except for the pres-
ence of trisomy 21 in 50% of the cells of both cellular com-
partments (fig. 3) but not in the tumor-free soft tissue
(non-constitutional aberration), a finding that was re-
cently observed in one case of a similar series of compos-
ite LCH and acute leukemias [19], and monosomy 18 in
75% of the small cell compartment (T-LBL), FISH showed
no further numeric aberrations. Since Langerin was neg-
ative in the histiocytic part of the tumor, and because an
accompanying eosinophilic infiltrate was missing, this
component was classified as IDCT (and not as LCH) [2,
20]. Considering the clinical presentation, the flow cy-
tometry phenotype, the immunohistochemical expres-
sion pattern of the lymphoid part, and the cytogenetics,
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Fig. 2. Immunohistochemical characterization of the cervical
lymph node and gastric involvement. A The atypical histiocytic
cells are positive for CD1a and are mainly distributed in the lower
area in this part of the cervical lymph node. x80. Inset x400. B The
lymphoid cells strongly express CD7 and are accumulated in the
upper area. x80. Inset x400. C The histiocytic cells in the lower part
show a less pronounced Ki67 expression compared with the high-
er proliferation index of the lymphoid cells in the upper part, as

the diagnosis of a pro-T LBL (early T-cell precursor LBL)
[17, 21] for the second component was established. Cri-
teria to diagnose an acute leukemia of ambiguous line-
age — especially mixed-phenotype acute leukemia, T/mye-
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demonstrated by MIB1 staining. x80. D Langerin is negative in
both components; only one scattered cell in the middle lower part
of the figure shows a weak Langerin expression. x80. E The gastric
biopsy specimen shows a dense cellular infiltration. HE. x640.
F The infiltrate consists predominantly of lymphoid cells express-
ing CD7. x400. G The histiocytic cell component is also present, as
demonstrated in the CD1a staining. x400.

loid - were not fulfilled, according to the WHO classifica-
tion and the most recent molecular data on ALL, since (1)
clinically, lymphadenopathy was the leading symptom
and the patient was aleukemic, (2) phenotypically, the
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Fig. 3. FISH applying chromosome enumeration probe 21.
A Three paracentromeric orange FISH signals in a larger cell, cor-
responding to the indeterminate dendritic component of the com-
posite neoplasm. x1,600. B Three red FISH signals in the smaller
cells, corresponding to the pro-T lymphoblastic component of the
composite neoplasm. x1,600.

blast did not express MPO, CD13 and CD117, but were
positive for cCD3, CD7, CD99, and TdT, and (3) dis-
played a gain of chromosome 21, which has been de-
scribed in both molecularly documented series of early
T-cell precursor ALL [1, 17, 19, 21, 22].

The scratched-off sample with mainly LMO2-positive
lymphoblasts showed a G13D point mutation of the NRAS
gene, while the scratched-off sample with mainly CD1a-
positive histiocytic cells showed a considerably smaller ad-
enine signal at the second position of codon 13. Impor-
tantly, in the microdissected tissue samples, the CD1a-
positive component did not show any mutated alleles of
the NRAS gene. Therefore, we concluded that the IDCT
did not harbor the G13D mutation and that contaminat-
ing lymphoblasts were responsible for the detectable ad-
enine signal in the scratched-oft specimens. Germline mu-
tation could be excluded, since the adipose tissue showed
wild-type configuration of the NRAS gene. Mutation anal-
ysis of the KRAS, BRAF and IDH2 genes showed wild-type
configuration in all samples. All attempts to determine
mutations in the IDHI gene or clonal TCR y gene rear-
rangements yielded in results that were not conclusive due
to the limited DNA quality of the available tissue samples.
In the applied assay to determine TCR y gene rearrange-
ments, most of the detectable peak heights were below the
lower limit. However, the lack of any reproducible single
peak and the presence of occasional peaks exceeding the
lower limit rather suggested the presence of different TCR
y fragments, and therefore, lacking clonal rearrangements,
or even that the TCR y gene was not yet rearranged.

Composite Pro-T LBL and IDCT
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Discussion

We extend the spectrum of composite lymphoid and
dendritic tumors by a novel combination of pro-T LBL
and IDCT, both bearing a common cytogenetic aberra-
tion, i.e. +21. To the best of our knowledge, this is the first
reported case of a synchronous pro-T LBL and IDCT at
the same locations to this date.

Basically, there are two possibilities to explain the re-
lationship between the two entities. First, there might be
no clonal relationship between the two neoplasms, and
the simultaneous appearance might be by chance or some
sort of reaction [7, 8]. Such a reactive phenomenon was
suggested by Quintanilla-Martinez et al. [23] reporting
two similar cases of LBL with a very immature phenotype
and a synchronous population of LCH in the same lymph
node. Molecular genetic analysis revealed germline TCR
B and y chain genes. Christie et al. [24] investigated 5 ex-
amples of LCH-like proliferations occurring in the con-
text of other lymphoproliferative disorders with the high-
ly polymorphic human androgen receptor gene assay.
Their results showed that, at least in a proportion of cases,
Langerhans cells may represent reactive proliferation.
Nonetheless, a coincidence seems very unlikely in our
present case, since both cellular components bore a non-
constitutional trisomy 21 and were histologically identi-
fied at three different anatomic sites (cervical lymph
nodes, gastric mucosa and bone marrow). Further, a sim-
ple reaction would hardly explain the atypical cellular
morphology, the distribution pattern and the high prolif-
eration index of the respective components. Therapy in-
fluence, as proposed in similar combined tumors with
different occurrence over time [9], can most likely be ex-
cluded, since both components occurred simultaneously
and were detected in our patient before chemotherapy
was started.

Second, in case a clonal relationship between both
components is assumed as suggested by the common cy-
togenetic anomaly in the respective cells, i.e. +21 in our
case, a direct lineage transdifferentiation or a divergent
common progenitor cell differentiation might have
played a role. This theory is supported by a considerably
growing body of evidence postulating such processes. For
example, Feldman et al. [11] suggested possible transdif-
ferentiation in precursor T-LBL and LCH in children
with confirmed identical clonal rearrangements of the
TCR y gene. It has been demonstrated that pre-T cells can
be reprogrammed into dendritic cells by retroviral ex-
pression of the transcription factors C/EBPa and PU.1
[25]. Accordingly, overexpression of PU.1 in the IDCT
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might have led to reprogramming from the lymphoid to
the dendritic cell phenotype in our patient. Vice versa, a
switch from the dendritic cell to the lymphoid phenotype
due to the loss of PU.1 expression would also be conceiv-
able; however, reprogramming from the myeloid to the
lymphoid lineage has never been observed [14]. The im-
portance of transcription factor expression in transdiffer-
entiation was also postulated in a study of 8 adults with
follicular lymphoma and dendritic neoplasms with com-
mon clonal origin. Identical IGH gene rearrangements or
BCL2 gene breakpoints as well as the t(14;18) in both tu-
mors have been identified in all patients. The authors pos-
tulated that changes in transcription factor expression
may have led to transdifferentiation from a lymphoid to
a dendritic phenotype [12]. Secondary genetic events
leading to changes in transcription factor expression
might be responsible for lineage transdifferentiation in
such cases [13]. In support of this, a recent review sum-
marizes the importance of cooperative or antagonistic in-
terplays between single or multiple transcription factors
as well as the timing of their expression for hematopoi-
etic lineage fate decision [14].

The missing of a (clonal) TCR y rearrangement in our
patient is consistent with the immunohistochemical and
molecular genetic characterization of early pro-T ALL
[17, 21]. Garand et al. [26] found that only half of early
pro-T ALL were TCR 8 and y rearranged in comparison
with more mature T-ALL. Moreover, loss of CD34 ex-
pression correlated with the start of TCR rearrangement.
Thus, we suggest that in our case, with an early pro-T
phenotype and the expression of CD34, the TCR y has
quite likely not yet been rearranged. The detected muta-
tion of the NRAS gene and monosomy 18 only in the pro-
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