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Abstract

Histiocytic and interdigitating dendritic cell sarcomas are rare tumors originating from bone
marrow derived myeloid stem cells. Recent studies have shown evidence of cross-lineage
transdifferentiation of B-cells in follicular lymphoma to histiocytic and dendritic cell sarcomas. In
this study, we report the morphologic, molecular and cytogenetic analysis of 7 cases of chronic
lymphocytic leukemia/small lymphocytic lymphoma associated with histiocytic and dendritic cell
sarcomas. All seven patients were elderly males (median age, 71 years). The B-cell neoplasms
preceded the development of the histiocytic and dendritic cell sarcomas in 6 of 7 patients, and one
patient had both tumors diagnosed at the same time. The tumors included 4 interdigitating
dendritic cell sarcomas; 1 Langerhans cell sarcoma, 1 histiocytic sarcoma, and 1 immature
neoplasm with evidence of histiocytic origin. Laser-capture microdissection and PCR analysis
showed identical clonal immunoglobulin gene rearrangements in the two phenotypically distinct
components in all cases. There was a preferential usage of IGHV4-39 by the V-D-J gene
rearrangement. By FISH analysis two cases showed deletion 17p in both components, while 4
cases had normal cytogenetic findings by FISH in the CLL/SLL cells, but acquired cytogenetic
abnormalities in the corresponding histiocytic and dendritic tumors. Chromosome 17p
abnormalities were the most common cytogenetic abnormality detected in the sarcomas, seen in 5
of 6 cases studied. Compared with the CLL/SLL cells, the histiocytic/dendritic cells were largely
negative for PAX5, but showed strong expression of PU.1 and variable and weak expression of
CEBPg. Our study provides evidence for transdifferentiation of CLL/SLL B-cells to tumors of
dendritic and less often histiocytic lineage, and suggests that secondary genetic events may play a
role in this phenomenon.
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Introduction

The WHO classification of hematopoietic neoplasms is based primarily on the lineage and
stage of differentiation of the tumor cells corresponding to that of normal hematolymphoid
differentiation. A characteristic feature of normal hematopoiesis is the uni-directional and
irreversible lineage commitment during progressive maturation of blood cells.! Similarly,
hematopoietic tumors corresponding to mature blood cells usually demonstrate lineage
stability.2 Lineage infidelity or promiscuity is often seen in precursor neoplasms, such as
acute myeloid leukemia, as precursor hematopoietic cells are not fully committed to a
specific lineage. Small B-cell lymphomas and leukemias recapitulate mature B-cells in the
pre-germinal center, germinal center or post-germinal center stages of differentiation, and
show the expected stability of lineage-associated markers. They have an indolent clinical
course, but the most common forms, follicular lymphoma, and chronic lymphocytic
leukemia/small lymphocytic lymphoma (CLL/SLL) are generally incurable. During the
course of disease, they may undergo transformation to diffuse large B-cell lymphoma, or
even change the stage of differentiation with transformation to precursor-B lymphoblastic
lymphoma 3-4, but the B-cell lineage is usually unchanged. However, several recent studies
have shown convincing evidence that some small B-cell lymphomas can transform into
aggressive hematopoietic tumors of another lineage, which interestingly are of histiocytic/
dendritic cell origin in all cases studied. 58

Histiocytic and dendritic cell sarcomas are extremely rare.2 By histogenesis, they fall into
two main groups: histiocytic sarcoma, Langerhans cell histiocytosis/sarcoma and
interdigitating dendritic cell sarcoma are thought to arise from bone marrow precursors and
are considered “true” hematopoietic tumors. In contrast, follicular dendritic cell sarcomas
and the rarer fibroblastic reticulum cell tumors derive from non-hematopoietic mesenchymal
cells. As might be anticipated, these mesenchymal neoplasms have not been linked to B-cell
lymphomas. In the older literature there are reports linking histiocytic and dendritic cell
neoplasms with most subtypes of small B-cell lymphoma, including follicular lymphoma,
extranodal marginal zone lymphoma (MALT lymphoma), splenic marginal zone lymphoma,
and CLL/ SLL. 913 Feldman et al. provided the first evidence of a clonal relationship
between a mature B-cell lymphoma and HD/C sarcoma in 8 cases arising in follicular
lymphoma.” Subsequently, two other groups have demonstrated cytogenetic and molecular
evidence of a clonal relationship between histiocytic or dendritic cell neoplasms and other
low grade B-cell neoplasms.>~6: 14

In this study, we report a series of 7 cases of histiocytic or interdigitating dendritic cell
sarcoma arising from CLL/SLL. By molecular and cytogenetic studies, we demonstrate a
clonal relationship between the two lesions. Chromosome 17p abnormalities were the most
frequent cytogenetic abnormality detected by FISH in the sarcomas, and were also increased
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in frequency in the underlying CLL/SLL. Therefore, chromosome 17p changes may be a
potential risk factor for the transformation of CLL/SLL to histiocytic or dendritic cell
sarcoma.

Materials and Methods

Case selection

Seven cases were retrieved from the consultation files of the Hematopathology Section,
Laboratory of Pathology, and Center for Cancer Research, National Cancer Institute,
National Institutes of Health, and Bethesda, MD. Clinical information and follow-up were
obtained from submitted patient records or referring physicians. Relevant clinical
information is summarized in Table 1. Case 5 was previously reported as a single case
report, 14 but was independently analyzed in the current series. The study was approved by
the Institutional Review Board of the NCI.

Histology and immunohistochemistry

The morphologic and immunohistochemical features were routinely studied on formalin-
fixed and paraffin-embedded tissue sections. Immunohistochemical stains were performed
using an automated immunostainer (Ventana Medical Systems, Inc. Tucson, AZ) according
to the company’s protocols, with minor modifications. Antigen retrieval was performed
using a Tender Cooker (Nordicware, Minneapolis, MN) with citrate buffer. Antibodies
included CD20 (L26, 1:1,000; Dako, Carpinteria, CA), CD79a (MBL1, 1:400, Dako), Pax5
(24; 1:25; BD Transduction Laboratories), CD3 (F7.2.38, 1:50; Dako), CD5 (4C7, 1:100,
Novocastra), CD23 (1B12, 1:40, Novocastra), CD68 (KP-1, 1:400, Dako), CD163 (10D6,
1:100, Novocastra), CD1a (010, 1:40, Immunotech), CD4 (1F6, 1:40, Novocastra), CD21
(1F8, 1:30, Dako), CD43 (L60, 1:100, Becton-Dickinson), S100 (15E2E2, 1:8000,
Biogenex), Langerin (1:200, Novocastra), PU.1 (1:50, BD Transduction), p53 (DO-7,
1:1000, Dako), and lysozyme (EC3.2.1.17, 1:2000, Dako). Positive and negative controls
were performed with all cases and showed appropriate stains.

Laser Capture Microdissection (LCM)

To compare the clonal relationship between the CLL/SLL cells and the cells of histiocytic or
dendritic cell lineage, the respective neoplastic populations were isolated from the tissue
sections using immuno-guided laser capture microdissection technique.1>-16 Briefly,
unstained sections mounted on charged glass slides were immunostained with CD79a, as
described above. After staining, the slides were strongly de-hydrated and no cover-slip was
applied. LCM was performed under microscopic visualization of the immunolabeled cells
using a PixCell lle microscope (Arcturus Engineering, Inc., Mountain View, CA). Laser
parameters used were: 7.5 um laser spot size, 50mW laser power, 950us laser pulse duration.
Approximate between 2,000 and 5,000 laser pulses were completed for each sample. The
cells were captured using Capsure Macro LCM Caps (Molecular Devices, Silicon Valley,
CA, Catalog # LCM0211). The pure populations of CLL/SLL cells were isolated by
targeting only CD79a-positive small lymphoid cells, while pure populations of histiocytic/
dendritic neoplastic cells were captured by targeting only CD79a-negative neoplastic cells.
After completing the LCM, each cap with the captured cells was incubated overnight with
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proteinase K buffer for DNA extraction using a QlAamp DNA FORMALIN FIXED
PARAFFIN EMBEDDED tissue kit (QIAGEN Inc. Valencia, CA) according to the
manufacturer’s instructions.

PCR Studies of IGH and IGK Gene Rearrangements and sequencing

Genomic DNA was extracted from the microdissected samples using QlAamp DNA
FORMALIN FIXED PARAFFIN EMBEDDED tissue kit (QIAGEN Inc. Valencia, CA)
according to the manufacturer’s instructions. Given the markedly fragmented nature of
genomic DNA in paraffin-embedded tissues subjected to immunohistochemical staining and
laser capture microdissection, FRIII IGH@ PCR was utilized to maximize the opportunity
for successful amplification. For IGH@ clonality assays in cases 1, 2, 4, 5, 6 and 7, PCR
was performed on each sample using framework 3 consensus primers (VHa FRIII and JHa
FRIII as reported by Segal et al..1” The PCR reaction mixture contained 5 pl of DNA
template purified from microdissected cells in 1x buffer 1l (Applied Biosystems, Foster
City, CA) with 2.0 mM magnesium chloride, 0.25 mM each dNTP, 0.5 uM of each primer,
and 1.25 units of AmpliTag Gold DNA polymerase (Applied Biosystems). FRII and FRIII
IGH@ PCR reactions showed no amplification products in case 3. Therefore, the IGK@
clonality assay was utilized in this instance. PCR reaction using IGK Gene Clonality Assay
for ABI Fluorescence Detection Kit (InVivoScribe Technologies) was performed according
to the manufacturer’s instructions. Briefly, 5 ul of DNA template purified from
microdissected cells was mixed in 1x IGK Tube A with 1.25 units of AmpliTaq Gold DNA
polymerase (Applied Biosystems). The IGK primers were originally designed by
BIOMED-2 concerted action BMH4-CT98-3936.18 The DNA was amplified in a
thermocycler (GeneAmp PCR System 9700, Applied Biosystems) for 7 minutes at 95°C
followed by 35 (for FRIII) or 40 cycles (for IGK) of amplification (95°C for 45 seconds;
60°C for 45 seconds; and 72°C for 90 seconds), and a final cycle of extension at 72°C for 10
minutes. After amplification, the PCR products were analyzed using ABI Genetic Analyzer
3130 (Applied Biosystems).

For sequence analysis, FRIII PCR reactions were performed using sequencing primers, 5’
ACA CGG CTG TGT ATT ACT GT 3’ and 5 ACC TGA GGA GAC GGT GAC C 3’ (JHa
primer) in cases 1, 2, 5, 6, and 7. The PCR reaction conditions were exactly the same as
described above. After PCR amplification, the PCR products were purified using the
MinElute PCR purification Kit (QIAGEN Inc. Valencia, CA) according to the
manufacturer’s instructions. The sequencing reaction mixture included 4 pL BigDye
Terminator v3.1, 2uL 5 x sequencing buffer (Applied Biosystems, Foster City, CA), 1 uL
sequencing primer, 10 uL H20, and 3 pL of the purified PCR product. Thermal cycling
condition was as follows: denaturing at 96°C for 1 minute, followed by 25 cycles at 96°C
for 10 seconds, 50°C for 5 seconds, and 60°C for 4 minutes. Sequencing was done on an
ABI 3100 sequencer (Applied Biosystems). The DNA sequence similarity and alignments
were analyzed by CLUSTAL W 2.0.12.2° Immunoglobulin heavy chain V-D-J gene
rearrangement analysis was performed using Igblast (http://www.ncbi.nlm.nih.gov/igblast/).
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Fluorescence in situ hybridization (FISH)

Formalin-fixed paraffin-embedded 5-micron sections were prepared and mounted onto
positively charged glass slides. Slides were placed in a 90°C oven for 15 minutes. Slides
were then deparaffinized with xylene (2 times, 15 minutes each) at room temperature (RT),
dehydrated in 100% ethanol for 5 minutes at RT, and placed in 80°C 10mM Citric Acid (pH
6.0) for 45 minutes. Following this, the slides were immersed in 2x standard saline citrate
(SSC) for 5 minutes at 37°C followed by digestion in 0.2 % pepsin working solution (1.2
grams pepsin/600 mL 0.9% NaCl pH 2.5) at 37°C for 48 minutes. Immediately after
digestion, the slides were dehydrated using an ethanol series (70, 85, 100%) 2 minutes each
at RT. Working solution of each probe was made by mixing 1 pL of concentrated probe with
9 UL of LSI/WCP® hybridization buffer (Abbott Molecular, Des Plaines, I1.). Probes
included centromere 6 (D6Z1) (Abbott) and c-MYB (6¢23) (Mayo homebrew), centromere
11(D1171) and ATM (11g22.3) (both Abbott), centromere 12 (D1273) (Abbott) and MDM?2
(12915) (Mayo homebrew), D13S319 (13g14.3) and LAMP1 (13g34) (both Abbott), and
p53 (17p13) and centromere 17 (D17Z1) (both Abbott). The working solution was mixed
together in 1:1 green to red ratio and the combined working solution was applied to the
target areas, coverslipped, sealed with rubber cement, co-denatured with a HYBrite™ at
80°C for 5 minutes, and hybridized overnight in a 37°C humidified oven. Following
hybridization, slides were soaked in RT 2xSSC/0.1% NP-40 to remove coverslips, placed in
2xSSC/0.1% NP-40 at 74°C for 2 minutes and then placed into RT 2xSSC/0.1% NP-40 for
2 min. The slides were stained with 4’-6,-diamidino-2-phenylindole (DAPI) (Vysis Inc.) and
coverslipped. The formalin fixed paraffin embedded samples were analyzed using standard
fluorescence microscopy methods.20

RESULTS

Clinical Findings
The clinical features of the 7 patients are summarized in Table 1. All 7 patients were male
with an age range from 55 to 85 years (median, 71 years). In all cases affected lymphoid
tissues were involved by both CLL/SLL and a histiocytic or dendritic cell sarcoma, in
different proportions, and affecting different regions. Six of the 7 patients presented
originally with CLL/SLL with a subsequent diagnosis of histiocytic/dendritic sarcoma with
intervals ranging from 10 months to 11 years. Patient 7 did not have a previous diagnosis of
CLL/SLL, and both tumors were diagnosed concurrently. The histiocytic/dendritic sarcomas
were nodal in 5 patients, but in two patients involved spleen (case 4) and bone marrow (case
6). Four patients (cases 3, 4, 5 and 6) received various chemotherapy regimens for CLL/SLL
before the development of the secondary tumor. Regimens included fludarabine,
cyclophosphamide and rituximab (case 3), cyclophosphamide and vincristine (case 4),
fludarabine and rituximab (case 5), and cyclophosphamide, fludarabine, dexamethasone and
rituximab (case 6). Treatment for the histiocytic/dendritic sarcomas and survival data were
not available in most patients. Patient 3 received CHOP therapy for interdigitating dendritic
cell sarcoma but died 4.5 months after the diagnosis.
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Morphologic and immunohistochemical findings

In all 7 cases areas with features of CLL/SLL and histiocytic/dendritic sarcoma were present
in various proportions in the same tissue. However, large confluent areas comprising
CLL/SLL and histiocytic/dendritic sarcoma, respectively, were present in every case,
allowing laser capture microdissection of pure CLL/SLL or histiocytic/dendritic cells. The
CLL/SLLs showed a diffuse growth pattern and were composed of small lymphoid cells
with round nuclei and coarse chromatin. Scattered prolymphocytes and paraimmunoblasts
were admixed. The CLL/SLL cells were positive for CD79a, CD5 and CD23. CD20 was
negative by immunohistochemistry in 2 cases, which is not uncommon in CLL/SLL due to
the very low level of expression of CD20.

The histiocytic/dendritic sarcomas were classified according to the criteria in 2008 WHO
classification. (Table 2) The tumor cells in all cases were cytologically malignant, and
showed irregular nuclear contours, open chromatin, variable prominent nuclei and abundant
eosinophilic cytoplasm. Except in case 7, apoptotic bodies and mitotic figures were easily
seen.

Four cases (cases 1, 3, 5 and 6) were classified as interdigitating dendritic cell sarcoma.
They were all strongly S100+, focally CD68+, but negative for CD163 and CD1a. They
were composed of sheets of large mononuclear and multinucleated cells with abundant
eosinophilic cytoplasm. (Figure 1) Nuclei were highly irregular and lobulated, with distinct
eosinophilic nucleoli. Mitotic figures were abundant and foci of necrosis were seen.

Case 2 was classified as Langerhans cell sarcoma, being positive for both langerin and
CD1a. (Figure 2) It was composed of mononuclear and multinucleated cells with abundant
eosinophilic cytoplasm. The nuclei had prominent nuclear grooves, often lobulated, with
distinct eosinophilic nucleoli. Mitotic figures were frequent. Multiple areas of nodal
involvement were seen, composed of sheets of atypical cells, with interspersed areas
involved by CLL/SLL. Eosinophils were absent, arguing against a diagnosis of Langerhans
cell histiocytosis.

One case (Case 7) had a pure histiocytic appearance. It was composed of giant cells with
voluminous pink cytoplasm, some with emperipolesis, and thus it superficially resembled
sinus histiocytosis with massive lymphadenopathy (so-called Rosai-Dorfman disease)
(Figure 3). It was the only case that expressed both CD163 and CD68. Cytologically the
cells exhibited cellular anaplasia and atypia. Plasma cells were absent.

Case 4 was morphologically similar to cases 1, 3, 5 and 6, but at the phenotypic level was an
immature neoplasm with focal expression of CD68, PU.1, CD4 and CD43, but lacking
markers of more differentiated cells. It was negative for S100.

The histiocytic/dendritic tumor cells were negative for B-cell markers, such as CD20 and
CD79a. Two cases (cases 5, 6) showed patchy weak staining for PAX5 in the histiocytic/
dendritic cells, readily distinguished from strong staining in the CLL/SLL cells. Similarly,
cases 2 and 5 demonstrated focal weak CD5 expression in the histiocytic/dendritic cells. In
all cases, the sarcomatous cells showed strong staining of PU.1 but variable and weak
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staining of CEBPp. Case 7, the pure histiocytic sarcoma, had strong CEBPJ staining. As a
control, the background benign histiocytes showed strong CEBP staining in all cases. P53
was positive in the histiocytic/dendritic tumor cells but not in the CLL/SLL cells in case 3; it
was focally positive in both component of case 7.

Molecular and cytogenetic findings

CLL/SLL and histiocytic or dendritic tumor cells were isolated by laser capture
microdissection after immunohistochemical staining with CD79a and PCR analysis was
performed to compare the clonal relationship between each pair of CLL/SLL and histiocytic/
dendritic sarcoma. FRIII IGH@ PCR was successful in 6 cases, while case 3 amplified only
with IGK@ PCR. In all cases, the CLL/SLL and histiocytic/dendritic sarcoma showed
identical clonal IgH or IgK gene rearrangements by PCR. (Table 3) The clonal identity was
confirmed by sequencing the corresponding PCR products in 5 cases. Analysis of the DNA
sequences revealed usage of the IGHV4-39 gene segment in 4 of 5 cases (Table 4).

FISH analysis was performed on paraffin embedded tissue sections in 6 of 7 cases using the
CLL panel probes for detection of deletions 11q, 13q, 17p, 6p and trisomy 12. (Table 3) The
CLL/SLL cells in 4 cases (cases 1, 2, 4 and 6) had normal cytogenetic findings, but the
corresponding histiocytic/dendritic cells demonstrated a variety of cytogenetic abnormalities
in 6q, 11q, 12, 13q and 17p. Two cases (3 and 7) showed deletion 17p in both the CLL/SLL
and corresponding histiocytic/dendritic tumor. Chromosome 17p abnormalities, including
deletion, aneusomy and duplication, were the most common abnormality observed, and were
present in 5 of 6 cases (83%) (cases 1, 2, 3, 6 and 7). The second most common genomic
abnormality in the histiocytic/dendritic tumors was deletion 13q, which was observed in 3
cases (1, 4, and 7).

Discussion

In recent years histiocytic or dendritic cell neoplasms clonally related to low grade B-cell
lymphomas and leukemias have been described.”~8: 14 This phenomenon has been attributed
to lineage plasticity of the underlying B-cell neoplasm, a phenomenon first recognized in
murine systems.21=22 Prior to experimental data clarifying the nature of these events, there
had been sporadic case reports of histiocytic or dendritic cell tumors associated with
follicular lymphoma, CLL/SLL, and marginal zone lymphomas.10: 12-13 Feldman et al. were
the first to provide molecular genetic evidence of a common clonal origin for follicular
lymphoma and histiocytic/dendritic sarcoma in 8 cases, in which it was shown that the
follicular lymphomas and histiocytic/dendritic sarcomas each shared a common IGH@ gene
rearrangement and also carried the BCL2/IGH@ translocation, as shown by FISH.” Thus
far, a clonal relationship between CLL/SLL and a interdigitating dendritic cell sarcoma was
only demonstrated in a single case report,14 and clinical or molecular risk factors for this
occurrence have not been explored.

In this study, we report a series of 7 patients with both CLL/SLL and a neoplasm with
properties of interdigitating dendritic cells, Langerhans cells, or histiocytes. All patients
were elderly males. The CLL/SLL preceded the development of the histiocytic or dendritic
sarcoma in 6 patients, and was synchronous with the secondary neoplasm in one patient. In
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all cases the CLL/SLL and histiocytic/dendritic cells existed in different proportions in the
same specimen. A clonal relationship between the CLL/SLL and the histiocytic/dendritic
cell tumors was demonstrated by identical clonal IGH@ or IGK@ gene rearrangements in
all 7 patients, with the sequence identity of the corresponding V-D-J junctions confirmed in
5 patients. FISH analysis demonstrated chromosome 17p deletion or aneusomy in the
histiocytic or dendritic cell sarcomas in 5 patients, and 17p deletion in the corresponding
CLL/SLL in 2 patients.

In prior reports the tumors associated with CLL/SLL were all interpreted as interdigitating
dendritic cell sarcomas.10: 13-14. 23-24 oyr experience is somewhat similar in that 6 of 7
cases in our series expressed S100, and showed some evidence of dendritic cell
differentiation. One of our cases expressed both CD1a and langerin, and thus, showed
evidence of Langerhans cell differentiation. Transdifferentiation to dendritic cells rather than
macrophages may be a preferred pathway, since dendritic cells can derive from either the
common myeloid or lymphoid precursor.25 One case had a very immature phenotype,
lacking convincing evidence of mature histiocytes or dendritic cells, and one case, while
being focally S100+, expressed both CD163 and CD68, resembling more mature
macrophages. Thus, while an interdigitating dendritic cell origin is most often seen, the
secondary neoplasms can exhibit a wide spectrum of histiocytic and dendritic cell features.

A common clonal origin identified by immunoglobulin gene PCR provided strong evidence
of transdifferentiation from CLL/SLL to histiocytic/dendritic cell sarcoma. Of note,
sequence analysis showed preferential usage of the IGHV4-39 gene segment in the V-D-J
rearrangements of the CLL/SLL and corresponding tumors. IGHV4-39 has been shown to
be an independent risk factor for CLL transformation to diffuse large B-cell lymphoma.28
Thus, the use of this gene segment may be reflective of genetic instability in the B-cell
clone. By FISH, all but one case of histiocytic/dendritic sarcoma had chromosomal
abnormalities that were absent in the corresponding CLL/SLL, whereas no case of CLL/SLL
had chromosomal abnormalities not observed in the other tumor. Thus, the FISH studies also
provided indirect evidence that the development of the histiocytic/dendritic cell sarcomas
was a secondary event. It would be of interest to know if the underlying CLL/SLL showed
evidence of somatic hypermutation of the IGH@ genes. Unfortunately, due to the
fragmented nature of the DNA obtained from the paraffin embedded tissue, analysis of VH
gene mutations could not be performed.

The events that promote the transdifferentiation of a mature B-cell to a histiocyte or
interdigitating dendritic cell are not well-understood. However, recent data have proven the
potential for continued lineage plasticity in fully differentiated cells. For example, as few as
4 transcription factors (Oct4, Sox2, c-Myc, and KIf4) can reprogram terminally
differentiated fibroblasts and hematopoietic precursor cells, including pro-B and Pre-B cells,
to pluripotent stem cells. 27282930-31 |y the hematopoietic system, deletion of the master
regulator of B-cell development, PAXS5, in mature B-cells led to de-differentiation into
uncommitted progenitor cells and subsequent differentiation along the T-cell lineage.32-33
Xie et al showed that enforced expression of transcription factors C/EBPa and C/EBPS led
to direct transdifferentiation of mature B-cells to macrophages.?! These experiments,
although all artificial with ectopic expression of higher than physiologic levels of
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transcription factors, suggested that lineage plasticity of mature cells can be achieved by
changes of a few important transcription factors.

Two major hypotheses have been proposed for the molecular transformation of B-cell
lymphoma to histiocytic or dendritic cell neoplasms. One is the direct transdifferentiation of
neoplastic B-cells into malignant histiocytes or dendritic cells. The other involves a two-step
process of transformation with first de-differentiation of neoplastic B-cells to early
progenitors and subsequent re-differentiation along the histiocytic/dendritic lineage. The
latter hypothesis would require the identification of an intermediate stage that could be
linked genetically to the neoplastic B-cells. To date, intermediate stem cell-like forms have
not been identified. However, one case in our series might represent such an intermediate
step. The tumor in case 4 had a very immature phenotype, expressing CD4 and PU.1, but
lacking more mature markers such as CD163, lysozyme, and S100.

A third theoretical possibility would be the presence of a common neoplastic progenitor with
differentiation along both B-cell and histiocytic/dendritic lineages at different times, as can
be seen in chronic myelogenous leukemia. Similar to leukemic stem cells, such neoplastic
progenitors may be mitotically inactive and resistant to chemotherapy. Dendritic cells can
arise from both the common myeloid and common lymphoid progenitors.2> However, a
stem cell population was not identified in our cases, making such a scenario unlikely. A
common genetic marker, such as BCR/ABL, would be required to link all three stages of
differentiation.

The process of differentiation is controlled by transcription factors. The B-cell fate is
determined by only a few transcription factors, including E2A, EBF, PAX5 and PU.1.34-35
Of these transcription factors, PAXS5 is the single most important one for lineage
commitment and maintenance of B-cell identity and it functions throughout the life of B-
cells, until terminal differentiation to plasma cells.33: 38 At the final stage of B-cell
differentiation, PAXS5 is suppressed by Blimp1, leading to loss of B-cell identity, an event
that facilitates the upregulation of genes specific for plasma cells.37-38 As a result, mature
B-cells have inherent plasticity for lineage commitment during terminal differentiation to
plasma cells.3? The myeloid cell fate is determined by PU.1, CEBPa and CEBPB.40 PU.1 is
involved in early multilineage differentiation and the expression levels are different in
subsequent lineages.*! We tested the expression of some of the transcription factors
involved in B-cell and myeloid differentiation. In all 7 histiocytic or dendritic cell
neoplasms, PU.1 was highly expressed, while PAX5 was completely negative in 5 cases.
Interestingly, variable and patchy PAX5 expression was detected in the dendritic cell tumors
in two cases. The presence of this restricted B-cell marker is consistent with the
“transdifferentiation” model, as incompletely transdifferentiated cells with hybrid phenotype
may be identified.

The expression of CEBPp was variable and weak in all but one case from our series, in
contrast to the strong staining in histiocytic/dendritic sarcomas reported by Feldman et al.’
The weak expression was confirmed by contrasting the tumor cells with background
histiocytes showing strong CEBPJ staining in the same sections. Interestingly, the one case
with strong expression of CEBPf was case 7, which showed evidence of histiocytic rather
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than dendritic cell features, and was more similar to the histiocytic tumors reported by
Feldman et al.

Fraser et al. studied the expression of PU.1, CEBP«, and CEBPp by RT-PCR in a case of
CLL/SLL with subsequent interdigitating dendritic cell sarcoma (also case 5 in our series).14
Interestingly, they showed high levels of CEBPp by RT-PCR in both the CLL/SLL cells and
the dendritic cell tumor. CEBPp was not detected by immunohistochemistry in any case of
CLL/SLL in our series, including case 5. The reasons for discrepancy in the results by RT-
PCR vs. immunohistochemistry are not clear, but perhaps contamination of myeloid cells in
the bone marrow sample involved by CLL/SLL contributed to the RT-PCR results.

Iwama et al. showed that enforced PU.1 expression and impaired CEBP function promoted
Langerhans cell differentiation from myeloid progenitor cells.*2 While the interaction of
CEBP and PU.1 in interdigitating dendritic cell differentiation is not well established, the
heterogeneous expression of CEBPJ coupled with the high level of PU.1 is consistent with
the high incidence of tumors with Langerhans cell and interdigitating dendritic cell
differentiation in our series.

The down-regulation of PAX5 is crucial for loss of B-cell identity.33 Somatic mutations of
PAXS5 have been described in diffuse large B-cell lymphomas.*3 However, in a recent study,
no somatic mutations of PAX5 were identified in two cases of histiocytic sarcoma
transformed from B-cell lymphoma.*4 Due to the limited quantity of microdissected DNA
from paraffin embedded tissue, we could not perform genomic PCR to assess somatic
mutations of PAX5 in the current study. Inhibition of PAX5 may also be caused by
chromosomal changes. However, changes in chromosome 9p13 (PAXS5 gene locus) were not
identified by comparative genomic hybridization by Fraser et al.1* Given that PAX5 can be
suppressed by multiple transcription factors, including CEBP. it is likely that the initial
genetic event leading to transdifferentiation of CLL/SLL involves genes other than PAXS5.

In our series, the most common cytogenetic changes associated with CLL, such as deletion
13q, deletion 11q, deletion 6q, and trisomy 12 were not present in the CLL/SLL cells by
FISH in the 6 cases studied. Fraser et al. reported trisomy 12 in both the CLL/SLL and
interdigitating dendritic cell sarcoma in their case, representing case 5 in our series.1 In
contrast, there were two cases of CLL/SLL with 17p13 deletion, an incidence (33%) higher
than expected for de novo CLL/SLL. 17p abnormalities were also very common in the
histiocytic/dendritic sarcomas, identified in 5/6 cases studied (83%). These findings suggest
that chromosome 17p abnormalities may be a potential risk factor for transformation of
CLL/SLL. 17p deletions are uncommon in de novo CLL/SLL, but when detected are
associated with a more aggressive clinical course.*>-46 The two cases with 17p13 deletion in
the CLL/SLL component cells (cases 3 and 7) were stained for p53. TP53 was over
expressed in the histiocytic/dendritic tumors in both cases, but in the CLL/SLL cells only in
one case.

In summary, we extend the spectrum of histiocytic and dendritic cell sarcomas that may be
associated with B-cell neoplasms. In CLL/SLL most secondary neoplasms show evidence of
interdigitating dendritic cell differentiation, with only rare tumors composed of cells with
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features of mature histiocytes or macrophages. Larger series with special emphasis on the
clinical course and treatment response are needed to better understand the response to
different treatment strategies.
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Figure 1.
CLL/SLL and synchronous interdigitating dendritic cell sarcoma, case 3. (a) Cervical lymph

node showed islands and cords of the dendritic cell neoplasm sharply segregated from areas
of CLL/SLL. Magnification x200. (b) The dendritic cells had abundant eosinophilic
cytoplasm, lobulated and indented nuclei, vesicular chromatin, and variably prominent
nucleoli. Some cells showed highly polylobated nuclei. The CLL/SLL cells were small with
round nuclei, coarse chromatin and scant cytoplasm. Magnification x400. (c) The dendritic
cells were strongly positive for S100, and partially positive for CD68. (d) They showed
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strong staining for PU.1 and weak and partial staining for CEBP, but were negative for
PAXS5. The CLL/SLL cells were strongly positive for PAX5 and negative for PU.1 and
CEBPp. (e) The CLL/SLL and dendritic cells showed identical clonal peaks by PCR of the
IGK@ gene (IGK tube A PCR reaction). (f) Both the CLL/SLL and dendritic cell tumor
showed deletion of chromosomel7p by using the FISH probe for p53 (17p13). A control
probe for chromosome 17 centromere (D17Z1) showed no loss of chromosome 17.
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Figure 2.

CLL/SLL and synchronous Langerhans cell sarcoma, case 2. (a) An axillary lymph node
was effaced by interconnecting sheets and clusters of CLL/SLL cells admixed with large
clusters of atypical Langerhans cells. Magnification x100. The Langerhans cells were large
with round to oval indented nuclei, vesicular chromatin, and distinct nucleoli (inset,
magnification x400). (b) The CLL/SLL cells were positive for PAX5, CD5 and CD23. The
Langerhans cells showed partial positivity for CD5, and were negative for PAX5 and CD23.
(c) The Langerhans cells were positive for S100, CD1a and Langerin. (d) They showed
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strong staining for PU.1 and weak and partial staining for CEBP, but were negative for
PAXS5. The CLL/SLL cells were positive for PAX5 and PU.1, and negative for CEBPp. (e)
The CLL/SLL and Langerhans cells showed identical clonal peaks following IGH@ FRIII
PCR, upper panel). Sequencing of IGH@ gene rearrangements (lower panel) showed
complete sequence identity between that of the CLL/SLL and the Langerhans cells. The
asterisks indicate identical DNA sequence. The solid lines indicate corresponding V, D and J
genes. The DNA sequences between the solid lines are V-D and D-J junctional sequences.
(f) The Langerhans cells showed aneusomy of chromosomel7p by using the FISH probe for
p53 (17p13), and the chromosome 17 centromere (D17Z1) probe showed duplication of
chromosome 17 in LCS. The CLL/SLL cells showed no abnormalities in chromosome 17.
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CLL/SLL and synchronous histiocytic sarcoma, case 7 (a) An axillary lymph node was
mostly effaced by sheets of CLL/SLL cells with a focal nodule composed of atypical
histiocytic cells. Magnification x40. (b) The histiocytic sarcoma cells were very large with
round nuclei, vesicular chromatin, prominent central nucleoli, and voluminous pink
cytoplasm. Some cells showed emperipolesis. Magnification x100. (¢) The CLL/SLL cells
were positive for CD79a, CD5 and CD23. The histiocytic sarcoma cells were strongly
positive for CD163. (d) They were partially positive for S100 and showed strong staining for
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PU.1 and CEBPp. They were negative for PAX5. (e) The CLL/SLL and histiocytic sarcoma
cells showed identical clonal peaks following IGH@ FRIII PCR, upper panel). Sequencing
of the IGH@ gene rearrangements (lower panel) showed complete sequence identity
between that of CLL/SLL and the histiocytic sarcoma cells. The asterisks indicate identical
DNA sequence. The solid lines indicate corresponding V, D and J genes. The DNA
sequences between the solid lines are V-D and D-J junctional sequences. (f) Both the
CLL/SLL and IDCS showed deletion of chromosomel7p by using the FISH probe for p53
(17p13). A control probe for chromosome 17 centromere (D1721) showed no loss of
chromosome 17. In addition, the histiocytic sarcoma showed deletion of chromosome13q by
using the FISH probe D13S319 (13g14.3). The CLL/SLL cells showed no abnormality in
chromosome 13.
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Table 1

Patients with CLL/SLL and histiocytic/dendritic cell neoplasms

Case Age Siteof CLL/SLL and Treatment Siteof H/DC Interval @
no. (yr*)/Se)( neoplasm
1 55/M Peripheral blood Cervical LN 10 months
2 62/M Peripheral blood Axillary LN Long term
3 65/M Peripheral blood, generalized adenopathy, s/p chemotherapy  Cervical LN 3 years
4 UM Axillary LN, s/p chemotherapy Spleen 1 year
5 77IM Peripheral blood, s/p chemotherapy Axillary LN¥# 3 years
6 82/M Peripheral blood, s/p chemotherapy Bone marrow! 11 years
7 85/M Axillary LN Same specimen  Synchronous

Page 20

CLL/SLL, chronic lymphocytic leukemia/small lymphocytic lymphoma; H/DC, histiocytic or dendritic cell; s/p, status post; LN, lymph node; NA;
not available

*
Age at presentation with histiocytic/dendritic cell neoplasm

#_ . . . Lo
Patient also had enlarged liver and spleen which were not biopsied

ﬂPatient also had cervical lymphadenopathy which was not biopsied

@

Interval between the initial diagnosis of CLL/SLL and subsequent H/DC neoplasm
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IGH V-D-J rearrangement in CLL/SLL and histiocytic/dendritic cell neoplasms

Table 4

V-D-J germline genes

Case
\% D J
1 IGHV4-39*%02  IGHD2-2*02 IGHJ6*02
2 IGHV4-39*02  IGHD2-2*02 IGHJ6*02
5 IGHV4-59*05 IGHD6-13*01  IGHJ5*02
6 IGHV4-39*02 IGHD3-22*01 IGHJ3*02
7 IGHV4-39*01  IGHD2-2*03 IGHJ6*03
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