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Distinct types of primary cutaneous large B-cell lymphoma identified by gene
expression profiling
Juliette J. Hoefnagel, Remco Dijkman, Katia Basso, Patty M. Jansen, Christian Hallermann, Rein Willemze, Cornelis P. Tensen,
and Maarten H. Vermeer

In the European Organization for Re-
search and Treatment of Cancer (EORTC)
classification 2 types of primary cutane-
ous large B-cell lymphoma (PCLBCL) are
distinguished: primary cutaneous follicle
center cell lymphomas (PCFCCL) and
PCLBCL of the leg (PCLBCL-leg). Distinc-
tion between both groups is considered
important because of differences in prog-
nosis (5-year survival > 95% and 52%,
respectively) and the first choice of treat-
ment (radiotherapy or systemic chemo-
therapy, respectively), but is not gener-
ally accepted. To establish a molecular

basis for this subdivision in the EORTC
classification, we investigated the gene
expression profiles of 21 PCLBCLs by
oligonucleotide microarray analysis. Hier-
archical clustering based on a B-cell sig-
nature (7450 genes) classified PCLBCL
into 2 distinct subgroups consisting of,
respectively, 8 PCFCCLs and 13 PCLBCLs-
leg. PCLBCLs-leg showed increased ex-
pression of genes associated with cell
proliferation; the proto-oncogenes Pim-1,
Pim-2, and c-Myc; and the transcription
factors Mum1/IRF4 and Oct-2. In the group
of PCFCCL high expression of SPINK2

was observed. Further analysis sug-
gested that PCFCCLs and PCLBCLs-leg
have expression profiles similar to that of
germinal center B-cell–like and activated
B-cell–like diffuse large B-cell lymphoma,
respectively. The results of this study
suggest that different pathogenetic
mechanisms are involved in the develop-
ment of PCFCCLs and PCLBCLs-leg and
provide molecular support for the subdivi-
sion used in the EORTC classification.
(Blood. 2005;105:3671-3678)

© 2005 by The American Society of Hematology

Introduction

The term primary cutaneous B-cell lymphomas refers to a heteroge-
neous group of B-cell neoplasms, which present in the skin without
evidence of extracutaneous disease.1 A significant proportion of
these primary cutaneous B-cell lymphomas are large cell lympho-
mas.2-5 In the European Organization for Research and Treatment
of Cancer (EORTC) classification for primary cutaneous lympho-
mas, 2 main groups of primary cutaneous large B-cell lymphomas
(PCLBCLs) are distinguished.1 Most cases are included in the
group of primary cutaneous follicle center cell lymphomas
(PCFCCLs). Histologically, these PCFCCLs represent a spectrum
with variable proportions of (small) centrocytes and centroblasts
and sometimes a follicular growth pattern in early lesions, and
diffuse infiltrates of generally large centrocytes (large cleaved
cells) in tumorous lesions.2-5 In the World Health Organization
(WHO) classification such early lesions are classified as cutaneous
follicle center lymphoma, whereas the tumorous lesions are
classified as diffuse large B-cell lymphoma.6 Clinically, these
PCFCCLs represent a well-defined group of primary cutaneous
B-cell lymphomas, which often present with skin lesions confined
to a limited skin area on the head or the trunk, rarely disseminate to
extracutaneous sites, and, irrespective of the proportion of large
cells or growth pattern, have an excellent prognosis (5-year
survival of more than 95%).1,7 Already in the first publication on
this group of PCFCCLs it was noted that patients presenting with

skin tumors on the leg had a different clinical behavior.3 Recent
studies demonstrated that patients with such a primary cutaneous
large B-cell lymphoma of the leg (PCLBCLs-leg) differ from
PCFCCLs by a higher age of onset, more frequent dissemination to
extracutaneous sites, and a poorer prognosis (5-year survival of
approximately 50%).7,8 Histologically, these PCLBCLs-leg show a
predominance of tumor cells with round nuclei and, in contrast to
the group of PCFCCLs, strongly express Bcl-2 protein.7-10 For
these reasons these PCLBCLs-leg were included as a separate
entity in the EORTC classification.1 Distinction between these 2
types of PCLBCLs is clinically important, since it dictates the first
choice of treatment: radiotherapy in PCFCCLs and anthracycline-
based chemotherapy in PCLBCLs-leg.7 By following the WHO
classification, both groups will be lumped together in the group of
diffuse large B-cell lymphoma, and all patients will be treated with
anthracycline-based chemotherapy with or without radiotherapy.
Although recent studies11-13 confirmed that these PCLBCLs-leg are
a distinct group with an intermediate prognosis, the subdivision of
primary cutaneous B-cell lymphomas into 2 main categories
(PCLBCLs-leg and PCFCCLs) primarily based on site of presenta-
tion (leg versus other sites) has been much disputed.14

Recent studies have started to evaluate the genetic mechanisms
involved in the development and progression of these lymphomas.
However, the number of studies published to date is still limited,
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and specific cytogenetic abnormalities have not been identified yet.
Most studies have focused on the differential expression of the
Bcl-2 protein in the different groups of PCLBCLs. Most authors
agree that the Bcl-2 overexpression in the group of PCLBCLs-leg
is not associated with the t(14;18) translocation as observed in most
follicular and some diffuse large B-cell lymphomas in lymph
nodes.9,14-16 In some cases it might result from chromosomal
amplification of the BCL-2 gene.17,18 Recent comparative genomic
hybridization (CGH) studies demonstrated 6q loss and 18q gain
in a proportion of PCLBCLs, but not in PCFCCLs.18 Inactiva-
tion of p15 and p16 tumor suppressor genes by promoter
hypermethylation has been detected in 11% and 44% of
PCLBCLs, respectively.19

In the present study we performed oligonucleotide microarray
analysis on a large group of PCLBCLs, including 8 PCFCCLs and
13 PCLBCLs-leg. The main purpose of this study was to find out if
the 2 types of PCLBCLs recognized in the EORTC classification
have different gene expression profiles. Differences in the gene
expression profiles might not only give insight in the pathogenetic
mechanisms underlying the differences in clinical behavior be-
tween the 2 types of PCLBCLs, but they could also provide a
rationale for future classifications of these PCLBCLs and result in
the identification of genes and pathways that might serve as
diagnostic or prognostic markers or as potential targets for
therapeutic intervention.

Patients, materials, and methods

Patient selection

Pretreatment skin biopsies from 8 patients with PCFCCL with a diffuse
large cell histology and 13 patients with PCLBCL-leg were included in this
study. Only cases in which large neoplastic B cells constituted 80% or more
of the total number of infiltrating cells were selected. The diagnosis
PCFCCL or PCLBCL-leg was based on the criteria of the EORTC

classification.1 Using the WHO classification all cases were classified as
diffuse large B-cell lymphoma.6 In all patients there was no evidence of
extracutaneous disease at time of diagnosis as assessed by adequate staging
procedures including physical examination, complete blood cell counts,
computed tomography of chest and abdomen, and bone marrow biopsy.

Patients with a PCFCCL presented with localized skin lesions either on
the scalp (5 cases) or trunk (3 cases). Histologically, 7 cases showed a
diffuse proliferation of predominantly large cleaved cells (large centro-
cytes), whereas in one case (no. 1) almost equal numbers of large cleaved
cells and large noncleaved cells (centroblasts) were observed. In one case
(no. 6) small clusters of CD35 follicular dendritic cells were seen,
suggesting a preceding follicular growth pattern. Immunostaining showed
15% to 20% (median, 20%) admixed T cells and few scattered CD68
macrophages. Consistent with previous studies of our group, the neoplastic
B cells were either completely negative for Bcl-2 protein or showed a weak
staining on a minor proportion ( 20%) of tumor cells.

The 13 patients with a PCLBCL-leg presented with skin tumors on one
(11 cases) or both legs (2 cases) (Table 1). One patient presented with an
additional skin tumor on the right cheek (no. 9). Histologically, all cases
showed diffuse infiltrates of centroblasts and immunoblasts, and in 2 cases
(no. 17 and no. 18) a considerable admixture (ca 30%) of large cleaved
cells. The numbers of admixed T cells varied between 5% and 20%
(median, 10%) and was on the average much lower than in the group of
PCFCCLs. Bcl-2 protein was strongly expressed by the large majority of
tumor cells in 11 of 13 cases. In the other 2 cases (no. 13 and no. 18) Bcl-2
was expressed by 40% and fewer than 10% of the neoplastic B cells,
respectively.

This study was performed in accordance with the Dutch code and
Leiden University Medical Center guidelines on leftover material.

Oligonucleotide microarrays

Samples and microarrays were processed according to the manufacturer’s
protocol (available from Affymetrix, Santa Clara, CA). In brief, on average
between 20 and 60 g RNA was isolated from 50 20 m frozen sections
with the RNeasy-kit (Qiagen, Hilden, Germany). Using the MessageAmp
aRNA kit (Ambion, Huntingdon, United Kingdom), total RNA was
reverse-transcribed using an oligo(dT)-T7 promoter primer to prime
first-strand synthesis. After second-strand synthesis, the purified cDNA

Table 1. Clinical characteristics of patients with primary cutaneous large B-cell lymphoma

Case no. Clinical presentation
Sex (age at

diagnosis, y) Initial therapy
Result of

initial therapy Relapse
Follow-up status,

(period, mo)

PCFCCL

1 Multiple tumors on the scalp M (76) RT CR None D (36)

2 Localized tumors on the chest M (38) RT CR None A (192)

3 Localized plaques and tumors on the back M (62) RT CR Skin EC D (41)

4 Grouped plaques and tumors on the scalp M (61) RT CR Skin A (109)

5 Solitary tumor on the scalp F (69) RT CR None A (127)

6 Solitary tumor on the scalp M (37) RT CR Skin A (68)

7 Grouped plaques and tumors on the chest F (50) RT CR None A (24)

8 Solitary tumor on the scalp M (55) RT CR None A (8)

PCLBCL-leg

9 Tumors on right cheek and right upper leg M (69) CHOP CR Skin EC D (35)

10 3 tumors on left lower leg M (47) CHOP CR None A (32)

11 Multiple tumors on right lower leg F (84) CHOP CR Skin A (30)

12 2 tumors on left lower leg F (74) CHOP CR None A (30)

13 Solitary tumor on lower leg F (62) RT CR None D (36)

14 Multiple tumors on left lower leg M (89) CHOP CR Skin EC D (12)

15 Multiple tumors on left lower leg F (90) PUVA-phototherapy PR Skin EC D (29)

16 Solitary tumor on left lower leg F (88) RT CR Skin EC D (26)

17 Tumors and plaque on right lower leg F (77) RT CR Skin A (45)

18 Solitary tumor on left lower leg F (83) RT CR EC D (24)

19 Multiple tumors on both legs F (76) CHOP CR Skin D (11)

20 Multiple tumors on both lower legs F (75) CHOP CR None A (12)

21 Solitary tumor on right lower leg F (75) RT CR Skin EC D (73)

PCFCCL indicates primary cutaneous follicle center cell lymphoma; PCLBCL-leg, primary cutaneous large B-cell lymphoma of the leg; CHOP, multiagent
anthracycline-based chemotherapy; RT, radiotherapy; CR, complete remission; PR, partial remission; EC, extracutaneous relapse; A , alive with no evidence of disease;
A , alive with disease; D , died of lymphoma; D , died of other cause.
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product was in vitro transcribed using T7 RNA polymerase, biotin-UTP
(biotin-5 -triphosphate), and biotin-CTP (cytidine triphosphate) to generate
fragmented biotinylated aRNA. Fragmented aRNA (15 g) was hybrid-
ized to a Human Genome U95Av2 Array (Affymetrix), interrogating
12 625 human transcripts for 16 hours at 45°C with constant rotation at
60 rpm. After hybridization, the microarray was washed, stained on an
Affymetrix fluidics station, and scanned with an argon-ion confocal
laser with 488-nm excitation and 570-nm detection wavelengths.

Data processing and analysis

The array images were quantified using the MicroArray Suite (MAS) v 5.0
software (Affymetrix). The average fluorescence intensity was determined
for each microarray, and then the output of each experiment was globally
scaled to a target value of 200. Normalization of the data were performed
using variant stability and normalization (VSN, Stanford, CA), part of the R
statistical software package (available at www.bioconductor.org).20 Gene
expression patterns were further analyzed using Spotfire DecisionSite
(Spotfire, Goteborg, Sweden) and Statistical Analysis of Microarrays
(SAM, Stanford, CA).21 First, unsupervised hierarchical clustering (ie,
based on the expression of all genes present at the microarray) was
performed using Spotfire DecisionSite. To correct for potential influences
of the tumor microenvironment on expression data, a B-cell signature was
generated to focus specifically on the genes expressed by the tumor cells.
This B-cell signature consisted of all 7450 genes with a “present” call in the
datasets of at least 1 of 4 normal B-cell subsets (centroblasts, centrocytes,
memory B cells, and naive B cells) generated by the same Affymetrix
U95Av2 Gene Chip (more information about the normal subsets are in the
paper of Klein et al.22) To further investigate differentially expressed genes
in both subgroups, the supervised comparison analysis technique Statistical
Analysis of Microarrays (SAM) was applied to compare gene expression
patterns of PCFCCL and PCLBCL-leg. A false discovery rate of less than
1.0 was chosen to select genes that were significantly up- or down-
regulated. Gene expression data were transformed into z-scores as de-
scribed previously, and obtained output was visualized using Spotfire
DecisionSite.23

Quantitative real-time PCR

Expression values of 6 differentiating genes between PCFCCL and
PCLBCL-leg identified by microarray and Bcl-2 alpha and beta splice
variants were analyzed by quantitative polymerase chain reaction (qPCR)
in 4 samples from PCFCCLs and 4 samples from PCLBCLs-leg. cDNA
synthesis was performed on 1 g total RNA after treatment with RQ1
DNase I (Promega, Madison, WI) using Superscript III reverse transcriptase
(Invitrogen, Breda, The Netherlands) and an oligo(dT)12-18 primer (Invitro-
gen) in a final volume of 20 L. Real-time PCR was performed with the
ABI-Prism 7700 instrument and the SYBR Green PCR Master Mix
(Applied Biosystems, Nieuwerkerk aan den IJssel, The Netherlands). The
cycle parameters for these transcripts and for the housekeeping genes U1A
and RPS11 used for normalization were as follows: denaturing for 15
seconds at 95°C; annealing and extension for 60 seconds at 60°, for 40
cycles. The primer sequences (Invitrogen) of selected transcripts are given
in Table 2. For analysis of BCL2 expression primer combinations detecting
2 different splice variants (BCL2 alpha and BCL2 beta) were used.24 Data
were evaluated using the sequence detection software (SDS) version 1.9.1
(Applied Biosystems) and the second derivative maximum algorithm.
Specificity of the PCR product was confirmed by agarose gel electrophore-

sis and subsequent DNA sequence analysis of test samples and melting
curve analysis in the case of patient material. Serial dilutions of cDNA
synthesized from different cell lines were used to generate the standard
curves for the primer combinations.

Immunohistochemistry

From 5 PCFCCLs and 11 PCLBCLs-leg paraffin material was still available
for additional immunohistochemical stainings with antibodies against
Mum1/IRF4 and the proliferation marker Ki-67. Staining was performed on
formalin-fixed, paraffin-embedded serial sections of the same tumors
analyzed by oligonucleotide microarray using standard procedures. After
antigen retrieval by boiling for 10 minutes in 10 mM citrate buffer (pH 6.0)
for Ki-67 and in 1.0 mM EDTA (ethylenediaminetetraacetic acid buffer)
(pH 9.0) for Mum1/IRF4, tissue sections were incubated overnight with
antibodies against respectively Ki-67 (clone MIB-1, 1:400, DAKO, Glostrup,
Denmark) and against Mum1/IRF4 (1:100; antibody was a kind gift of
Professor G. Cattoretti, Institute for Cancer Genetics, Columbia University,
New York, NY). Sections were then incubated with biotin-labeled rabbit
antimouse antibodies (1:200). Immunoreactivity was detected using a
streptavidin-biotin-peroxidase complex (sABC-HRP, DakoCytomation
K0377; 1:100; DAKO). Subsequently, a 10-minute incubation with diami-
nobenzidine (DAB) solution (Sigma-Aldrich, Zwijndrecht, The Nether-
lands) was performed. All secondary and tertiary antibodies were incubated
for 30 minutes in 1% phosphate-buffered saline (PBS)/bovine serum
albumin (BSA) at room temperature.

Results

PCFCCLs and PCLBCLs-leg show distinct profiles
of B-cell–expressed genes

The microarray analysis of all tumor samples showed an average
expression of 55% (range, 52.1%-58.8%) of all the 12 625 genes
represented on the oligonucleotide array. In the group of, respec-
tively, PCFCCLs and PCLBCLs-leg, an average number of 7098
and 7086 transcripts were present.

Unsupervised hierarchical clustering on the basis of all ex-
pressed genes separated 8 PCFCCLs and 10 PCLBCLs-leg in
different groups, whereas 3 PCLBCL-leg (cases 12, 19, and 20)
were clustered in the PCFCCL group (data not shown). However,
unsupervised hierarchical clustering based on 7450 B-cell signa-
ture genes (“Patients, materials, and methods”) classified the 21
PCLBCLs into 2 distinct subgroups consisting of 8 PCFCCL and
13 PCLBCL-leg as shown by the dendrogram in Figure 1.

Differentially expressed genes in PCLBCLs

Expression profiles of the entire set of genes of the 8 PCFCCL
samples and the 13 PCLBCL-leg samples were compared using the
significance analysis of microarrays (SAM) technique to identify
most differentiating genes between both groups. In this analysis all
12 625 genes were included in order not to miss genes aberrantly
expressed by tumor cells or genes that are expressed in late stages

Table 2. Primers sequences and accession numbers of selected transcripts quantified by real-time PCR

Gene Accession no. 5 primer 3 primer

PIM1 NM_002648 CCAGCAAATAGCAGCCTTTC GTCACTGGTACTCGGGAAGC

PIM2 NM_006875 TTGGGAAGGAATGGAAGATG TTATTTCCCCTAGCCCATCC

Cyclin E NM_001238 AGCGGTAAGAAGCAGAGCAG CGCTGCAACAGACAGAAGAG

OCT2 NM_002698 AGAGGAGATCCTGCTGATCG GGTTGATGCGTTTCTCCTTC

CMYC NM_002467 AGATCCCGGAGTTGGAAAAC AGCTTTTGCTCCTCTGCTTG

MUM1/IRF4 NM_002460 TTACCACCAAGGGCAGGTAG ACCCAAGACTCCCACAGTTG

BCL2 alpha NM_000633 GCCCTGTGGATGACTGAGTA GGCCGTACAGTTCCACAAAG

BCL2 beta NM_000657 GCCCTGTGGATGACTGAGTA ATCACCAGATGCACCTACCC
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of B-cell differentiation (eg, plasma cells), which are not covered
by the generated B-cell signature. Seventy-one statistically signifi-
cant differentially expressed genes at P less than .01 were identified
as most discriminating genes between PCFCCL and PCLBCL-leg
with fold changes of at least 3.0. Of these 71 most discriminating
genes between PCFCCL and PCLBCL-leg, 48 genes were highly

expressed in the group of PCLBCLs-leg, and 23 genes were
up-regulated in the group of PCFCCLs as visualized in Figure 2.

Clustering by biologic function showed that several of the 48
genes highly expressed in the group of PCLBCLs were associated
with cellular proliferation. These included cell-cycle genes, such as
cyclin E, CDC6, and proliferating cell nuclear antigen (PCNA);
genes involved in DNA synthesis and repair, such as CTP
synthetase, DNA polymerase, and replication factors 3 and 5; and
genes encoding transcription factors regulating cellular prolifera-
tion including DP1, CMYC, and MYBL2. Other genes highly
up-regulated in the PCLBCLs-leg group were IgM heavy chain and
related genes involved in Ig-mediated B-cell signaling, such as lyn
and blk and the B-cell transcription factors MUM1/IRF4 and
OCT2, as well as the genes encoding the Pim kinases (PIM1 and
PIM2). As illustrated in Figure 2, the degree of up-regulation of
most individual genes varied between individual samples of
PCLBCLs-leg. The most consistently overexpressed genes in
almost all cases of the PCLBCLs-leg group were IGM heavy chain

Figure 1. Hierarchical clustering based on B-cell signature in primary cutane-
ous large B-cell lymphoma. Hierarchical clustering based on the expression of a
B-cell signature consisting of 7450 genes with a “present” call in normal B-cell
subsets (centroblasts, centrocytes, memory B cells, and naive B cells) and generated
by the same Affymetrix U95Av2 Gene Chip22 identifies 2 distinct gene expression
profiles in primary cutaneous follicle center cell lymphoma (PCFCCL) and primary
cutaneous large B-cell lymphoma of the leg (PCLBCL-leg).
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(13 of 13 cases), PIM1 (12 of 13 cases), and MUM1/IRF4 (12 of
13 cases).

Of the 23 genes highly expressed in the group of PCFCCLs, no
evident clusters of genes with similar biologic function or involved
in common pathways could be identified. However, the most
prominent distinction between PCFCCLs and PCLBCLs-leg came
from SPINK2, which was highly expressed in all 8 PCFCCL
samples with a fold change of 17.0. In addition, several genes
associated with the reactive antitumor immune response were
substantially up-regulated in the group of PCFCCL, including
granzyme M selectively expressed by NK cells and the T-cell–
expressed genes selectin P and LCK, which may reflect the higher
number of admixed inflammatory cells in our group of PCFCCLs.

Gene expression of PCLBCLs confirmed by quantitative
real-time PCR

To validate the results of microarray analysis, quantitative real-time
PCR (qPCR) was applied on a panel of 7 genes including CMYC,
PIM1, PIM2, MUM1/IRF4, OCT2, cyclin E, and 2 splice variants
of BCL2 (BCL2 alpha and beta). The fold changes in expression
between PCFCCLs and PCLBCLs-leg resulting from qPCR analy-
sis were calculated and compared with the fold changes obtained
by microarray analysis. Except for cyclin E, qPCR results all were
in agreement with oligonucleotide array results as shown in Figure
3. No statistically significant differences in BCL2 mRNA expres-
sion were found by qPCR between the PCFCCLs and PCLBCLs-
leg groups, although the signals for the BCL2 beta splice variant
were slightly higher in the group of PCLBCLs-leg. These qPCR
measurements are in line with oligonucleotide array results as
shown in Figure 3.

Immunohistochemistry

Because the MUM1/IRF4 transcript was consistently up-regulated
in the group of PCLBCLs-leg, Mum1/IRF4 protein expression was
investigated by immunohistochemistry in 11 PCLBCLs-leg and 5
PCFCCLs. Tumor cells 8 of 11 PCLBCLs-leg showed strong
expression of Mum1/IRF4 ( 80% positive-staining cells) as
shown in Figure 4A. In the other 3 cases 30% (no. 10 and no. 19) to
50% (no. 12) of the tumor cells were Mum1/IRF4-positive. In
contrast, the tumor cells of all 5 PCFCCL were Mum1/IRF4-

negative (10% or less positive staining cells), as shown in Figure
4B. There was a good correlation between Mum1/IRF4 protein and
mRNA expression by microarray array with mean absolute expres-
sion value of MUM1/IRF4 of 322 (range, 172-437) for the 8
PCFCCL and 1570 (range, 397-2637) for the 13 PCLBCL-leg.
Although Mum1/IRF4 protein expression has been reported to
have prognostic significance in B-CLL, a relationship between
Mum1/IRF4 expression and clinical outcome was not present in
PCLBCLs-leg.25,26

To investigate proliferation rates of PCLBCLs, paraffin sections
of the same tumors also were stained with an antibody against the
proliferation marker Ki-67. Whereas Ki-67 was expressed by more
than 75% of the tumor cells in all PCLBCLs-leg, Ki-67 staining in
PCFCCLs was much more variable with percentages varying
between 10% and 80% (median, 35%).

Activated B-cell profile versus germinal center B-cell profile

Several of the highly expressed genes in the PCLBCLs-leg group
including genes encoding for IgM heavy chain, MUM1/IRF4, and
both Pim-kinases (PIM1 and PIM2) were recognized as members
of the activated B-cell (ABC) profile identified by microarray
analysis in a subset of nodal diffuse large B-cell lymphomas
(DLBCLs) characterized by an aggressive clinical behavior.27

Likewise a number of genes with high expression in PCFCCLs,
including SPINK2, LCK, and SLAM, were included in the germinal
center B-cell (GCB) profile corresponding to a subset of DLBCLs
with a more favorable clinical outcome. To test the hypothesis that
PCLBCLs-leg are related to ABC-like DLBCL and PCFCCL to
GCB-like DLBCL, we used a recently described list consisting of
43 genes that discriminate both subgroups of DLBCL with highest
significance.28 These 43 genes were identified previously using the
Affymetrix HU6500 microarray after the assignation of 274
DLBCL to ABC-type or GCB-type using a predictor model based
on 14 genes represented on the Affymetrix HU6500 microarray of
27 predictor genes of the lymphochip. All above-mentioned genes,
except LCK, were selected in this list as well.

Hierarchical clustering based on the selected subset of these 43
genes clustered 7 of 8 PCFCCL and all 13 PCLBCL-leg, together
suggesting a similarity in gene expression profiles between
PCLBCL-leg and ABC-like DLBCL and between PCFCCL and
GCB-like DLBCL, respectively (Figure 5).

Discussion

In the EORTC classification of cutaneous lymphomas, 2 types of
PCLBCLs are recognized: PCFCCL and PCLBCL-leg. The

Figure 3. Results of quantitative real-time PCR analysis (qPCR). Histogram
showing expression of 6 selected differentially expressed genes and BCL2 alpha and
beta splice variants as measured by oligonucleotide microarray analysis (f) and in 4
primary cutaneous follicle center cell lymphoma and 4 primary cutaneous large B-cell
lymphoma of the leg by qPCR ( ). Fold changes of oligonucleotide microarray and
qPCR experiments derived data denote average expression level in patients relative
to each other. A fold change of 1 indicates equal expression in both groups. The error
bars represent standard deviations of the mean expression values as measured
by qPCR.

Figure 4. Expression of Mum1/IRF4 in primary cutaneous large B-cell lym-
phoma. Neoplastic B cells of primary cutaneous large B-cell lymphoma of the leg
show a positive staining for Mum1/IRF4 (A), whereas neoplastic cells of primary
cutaneous follicle center cell lymphoma are Mum1/IRF4-negative (B) (original
magnification 200; Zeiss Axioshop 2 plus). Images were captured with a Leica
DM6000B microscope (Leica, Rijswijk, The Netherlands), using an HCPlan APO
objective lens (200 /0.70) and a ProgRes C10 camera with ProgRes10 software
(JenaOptik, Jena, Germany).



clinical, histologic, immunophenotypical, and genetic differ-
ences between both groups are summarized in Table 3. Although
recent studies have provided further support for the clinical
significance of this classification, there is still ongoing debate
regarding the subdivision of PCLBCLs into 2 main categories
primarily based on site of presentation.18-20 Understanding of the
genetic mechanisms involved in the development and progres-
sion of these lymphomas might provide a solution for this
controversy.

In the present study gene expression profiles of 8 PCFCCLs
with a diffuse large cell histology and 13 PCLBCLs-leg were
generated using Affymetrix oligonucleotide arrays. Only cases
in which large neoplastic B cells constituted 80% or more of the
total number of infiltrating cells were included in this study.
Hierarchical clustering based on 7450 genes expressed in a
created B-cell signature (“Patients, materials, and methods”),
used to minimize the effect of nonmalignant cells present in the
skin biopsies, classified the 21 PCLBCLs into 2 distinct
subgroups consisting of 8 PCFCCLs and 13 PCLBCLs-leg.
Analysis of the expression of 43 genes recently described to
discriminate the ABC and GCB types of DLBCLs with highest
significance suggested a similarity between PCLBCL-leg and
ABC-like DLBCL and PCFCCL and GCB-like DLBCL, respec-
tively.28 These observations do not only provide significant
support for the subdivision used in the EORTC classification,
but also suggest that different pathogenetic mechanisms are
involved in the development of these 2 types of PCLBCLs.
Further analysis identified 71 statistically significant differen-
tially expressed genes as most discriminating genes between
PCFCCLs and PCLBCLs-leg with fold changes of at least 3.0.
Forty-eight genes were highly expressed in PCLBCLs-leg, and
23 genes showed high expression in PCFCCLs. The high

Figure 5. Expression of activated B-cell profile and germinal center profile
genes in primary cutaneous large B-cell lymphoma. Hierarchical clustering
analysis of primary cutaneous follicle center cell lymphoma (PCFCCL) and primary
cutaneous large B-cell lymphoma of the leg (PCLBCL-leg) was performed based on
the expression of 43 genes present in a recently described list consisting of 43 genes
that discriminate between activated B-cell (ABC) and germinal center B-cell (GCB)
types of diffuse large B-cell lymphoma with highest significance.27 These 43 genes
were identified previously using the Affymetrix HU6500 microarray after the assigna-
tion of 274 DLBCL to ABC type or GCB type using a predictor model based on 14
genes represented on the Affymetrix HU6500 microarray of 27 predictor genes of the
lymphochip. Hierarchical clustering based on these 43 selected genes clustered,
respectively, 7 of 8 PCFCCL and 13 of 13 PCLBCL-leg in 2 distinct groups.

Table 3. Clinical, histologic, immunophenotypic, and genetic differences between PCFCCL with a diffuse large cell histology
and PCLBCL-leg

PCFCCL, diffuse large cell PCLBCL-leg References

Clinical features

Median age at diagnosis (range) 62 y (14-88 y) 75 y (27-92 y) Grange et al,7 Vermeer et al,8 Geelen et al,9 Goodlad et al11

Male-female ratio 1:1 3:1 Grange et al,7 Vermeer et al,8 Goodlad et al11

Site Trunk; head (scalp) Leg(s) Willemze et al1

Treatment of first choice Radiotherapy Systemic chemotherapy Willemze et al,1 Grange et al7

Dissemination 11% 50% Grange et al,7 Vermeer et al8

5-year survival rate 95% 52% Grange et al,7 Vermeer et al8

Histopathology

Cytomorphology Large cleaved (85%) Round (90%) Willemze et al,3 Berti et al,4 Santucci et al,5 Grange et al,7

Vermeer et al8

Blastic transformation Often* No (de novo) Willemze et al,3 Berti et al,4 Santucci et al,5 Grange et al,7

Vermeer et al8

Bcl-2 expression / † Geelen et al,9 Hoefnagel et al,10 Goodlad et al11

Bcl-6 expression / Hoefnagel et al,10 Goodlad et al,11 Paulli et al12

CD10 expression Hoefnagel et al,10 Paulli et al12

Mum1/IRF4 expression Present study, Paulli et al12

Genetics

t(14; 18) Absent Absent Geelen et al,9 Child et al,15 Cerroni et al,16 Hallermann et al18

CGH analysis

loss 6q 0 of 9 4 of 13 Hallermann et al18

gain 18q 0 of 9 8 of 13 Hallermann et al18

FISH analysis

IGH breakpoint 0 of 6 7 of 14 Sánchez-Beato et al29

CMYC breakpoint 0 of 6 6 of 14 Sánchez-Beato et al29

BCL6 breakpoint 0 of 6 5 of 14 Sánchez-Beato et al29

Gene expression profile Germinal center B-cell type (GCB) Activated B-cell type (ABC) Present study

*May sometimes be preceded by PCFCCL with a predominance of small centrocytes and/or follicular growth pattern.
†May be weakly positive in a minority of tumor cells.

TPM2
KIAA0171
KIAA0084
IGHM
PRKCB1
FUT8
GOT2
IRF4
P2RX5
BATF
SLA
SPI140
PTPN1
PSIP2
DCK
KRT8
RTVP1
TCF4
HMG14
MYBL1
GPR18
CSTB
FAM3C
SPINK2
HLA-DMB
LMO2
ITPKB
SLAM
HLA-DQA1
VCL
PLEK
LRMP
RPL21
SCA1
CXCR4
MARCKS
SPIB
PIM2
BCL2
CCND2
PIM1
CSNKIE
ACP1
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Figure 5. Expression of activated B-cell profile and germinal center profile
genes in primary cutaneous large B-cell lymphoma. Hierarchical clustering
analysis of primary cutaneous follicle center cell lymphoma (PCFCCL) and primary
cutaneous large B-cell lymphoma of the leg (PCLBCL-leg) was performed based on
the expression of 43 genes present in a recently described list consisting of 43 genes
that discriminate between activated B-cell (ABC) and germinal center B-cell (GCB)
types of diffuse large B-cell lymphoma with highest significance.27 These 43 genes
were identified previously using the Affymetrix HU6500 microarray after the assigna-
tion of 274 DLBCL to ABC type or GCB type using a predictor model based on 14
genes represented on the Affymetrix HU6500 microarray of 27 predictor genes of the
lymphochip. Hierarchical clustering based on these 43 selected genes clustered,
respectively, 7 of 8 PCFCCL and 13 of 13 PCLBCL-leg in 2 distinct groups.



expression of 5 of 6 selected genes in PCLBCLs-leg was
confirmed by qPCR.

The increased cellular proliferative activity in PCLBCLs-
leg, as shown by the high expression of various genes associated
with proliferation as well as the high percentages Ki-67–
positive staining tumor cells ( 75% in 12 of 13 cases), may
probably be a result of the deregulated expression of several
oncogenes with cell cycle regulatory functions such as CMYC,
PIM1, and BCL6.29 In the group of PCLBCLs-leg high expres-
sion of CMYC was found, although the levels of gene expression
values varied among individual samples. Interestingly, a correla-
tion could be found between the highest CMYC expression value
on microarray and qPCR (case no. 12) and the presence of a
chromosomal translocation involving the IGH gene and CMYC
gene (t(8;14)(q24;q32)) detected by fluorescence in situ hybrid-
ization (FISH) analysis performed in a separate study.30 In a
small CGH-array study Mao et al17 showed gains of CMYC
(8q24) in 2 of 4 PCLBCLs, but did not mention the localization
of skin lesions in these cases. The oncogene CMYC is a
transcription factor and has been proposed to be involved in
multiple cellular functions such as cell cycle regulation, apopto-
sis, cell growth, metabolism, and differentiation, which might be
cell type- and context-dependent.29 Overexpression of the
CMYC gene by chromosomal translocation to the Ig loci is an
important event in malignant transformation in virtually all
Burkitt lymphomas, in 6% of DLBCLs, and recently found in 5
of 14 cases of PCLBCLs-leg.1,30,31 Interestingly, we also ob-
served high expression of the PIM1 and PIM2 oncogenes in
PCLBCLs-leg. Pim kinases are known to cooperate with CMYC
and NMYC to generate T- and B-cell lymphomas, although the
precise mechanism of this synergism in lymphomagenesis
remains obscure.32-35 It is worth noting that a second transcrip-
tional key regulator of cellular proliferation, Bcl-6, is expressed
by the tumor cells of almost all PCLBCLs, and its deregulation
may contribute to active cellular proliferation as well.10,14

Recently, somatic hypermutations of the BCL6 gene have been
detected in a small series of PCLBCLs-leg, which may affect the
Bcl-6–negative autoregulation circuit resulting in Bcl-6 deregu-
lation as described in nodal diffuse large B-cell lymphoma.12,36,37

Another prominent distinction between gene expression profiles
of PCLBCLs-leg and PCFCCLs was the marked high expression of
B-cell transcription factors MUM1/IRF4 and OCT2 in PCLBCLs-
leg, both expressed in late plasma cell–directed B-cell differentia-
tion stages.38,39 Mum1/IRF4 is strongly expressed in lymphoplas-
mocytoid lymphoma, multiple myeloma, and 75% of diffuse large
B-cell lymphomas.38 High MUM1/IRF4 expression in PCLBCLs-
leg was confirmed by qPCR and immunohistochemistry and is
consistent with the results of a recent study.12 MUM1/IRF4 is fused
to the immunoglobulin locus in some cases of multiple myeloma
and can function as an oncogene in vitro.40 MUM1/IRF4 is
transiently induced during normal lymphocyte activation and is
critical for the proliferation of B lymphocytes in response to signals
from the antigen receptor.41,42 Thus, the constitutive expression of
Mum1/IRF4 also may contribute to the unchecked proliferation of
the malignant cells in PCLBCLs-leg. In addition, in vitro experi-
ments demonstrated that expression of MUM1/IRF4 enhances the
susceptibility of lymphocytes to undergo Fas-induced apoptosis.43

It has not yet been elucidated whether the Mum1/IRF4-mediated
proapoptotic effects are selectively bypassed in Mum1/IRF4 ex-
pressing tumors, but it has been reported that Mum1/IRF4 function
can be modulated by the presence of Bcl-6.44 Given the coexpres-

sion of Bcl-6 and Mum1/IRF4 in PCLBCLs-leg, it is possible that
Bcl-6 may interfere with the proapoptotic effects of Mum1/IRF4.

In the group of PCFCCLs very high expression levels of the
SPINK2 transcript were observed in all samples except one,
whereas expression of SPINK2 was very low or absent in all
samples of PCLBCLs-leg. Interestingly, SPINK2 was identified as
the most differentially expressed gene between both groups, with a
remarkable high fold change of 17.0. Furthermore, SPINK2 was
recognized as one of the genes of the germinal center genes of the
43 genes that discriminate between the GCB and ABC types of
DLBCLs with highest significance.28 The SPINK2 gene encodes a
Kazal-type serine threonine kinase with ill-defined function in
physiological and pathological cellular processes.45 Further studies
will be needed to elucidate the potential role of SPINK2 in the
development of PCFCCLs. In addition, several genes associated
with the host immune response (granzyme M, selectin P, LCK)
were substantially up-regulated in the group of PCFCCLs, which is
consistent with the higher numbers of host immune cells in these
tumors. This is also in line with previous observations in diffuse
large B-cell lymphomas that genes associated with the host
immune response and extracellular matrix components (both were
considered part of the “lymph node signature”) are more highly
expressed in GCB tumors.46

Consistent with previous studies,9,10 we observed strong Bcl-2
protein expression in 11 of 13 PCLBCLs-leg, but not in the
PCFCCLs included for this study. BCL2 encoding mRNA expres-
sion values, however, did not statistically significantly differ
between the 2 groups; BCL2 mRNA was detected in all patients
both by using the microarray analysis (not discriminating between
both splice variants) as well as qPCR analysis (for each individual
splice variant). The presence of BCL2 mRNA despite the absence
of Bcl-2 protein in the group of PCFCCLs was unexpected but has
previously been described as a characteristic feature of germinal
center B cells.47,48 It was suggested that germinal center cells may
be involved in some arrest of Bcl-2 protein expression at the
posttranscriptional level.49,50 Such a hitherto unknown mechanism
might be conserved in PCFCCLs and reflect a typical feature of its
proposed germinal center B-cell origin. The mechanisms underly-
ing the high Bcl-2 protein expression in PCLBCLs-leg are at
present unknown. Posttranslational modification such as ubiquitina-
tion of kinase sites or decreased degradation, for instance, by
inhibition of FRAP/RAFT/mTOR, leading to increased cellular
concentration of Bcl-2 protein unrelated to the amount of BCL2
mRNA might be a possible explanation.47,48

In conclusion, the results of the present study provide molecular
support for the view that PCFCCLs and PCLBCLs-leg are distinct
subtypes of PCLBCLs, as recognized in the EORTC classification.
They also suggest different mechanisms of malignant transforma-
tion in these 2 types of PCLBCLs. The observation that PCFCCLs
and PCLBCLs-leg have gene expression profiles similar to that of
GCB and ABC type of diffuse large B-cell lymphoma is clinically
important. It is not only consistent with the much better prognosis
of the group of PCFCCLs but also suggests that different therapeu-
tic approaches are warranted in these 2 types of PCLBCLs.
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taneous follicular center cell lymphoma with fol-
licular growth pattern. Blood. 2000;95:3922-3928.

17. Mao X, Lillington D, Child F, et al. Comparative
genomic hybridization analysis of primary cutane-
ous B-cell lymphomas: identification of common
genomic alterations in disease pathogenesis.
Genes, Chromosomes & Cancer. 2002;35:144.

18. Hallermann C, Kaune K, Siebert R, et al. Chro-
mosomal aberration patterns differ in subtypes of
primary cutaneous B-cell lymphomas. J Invest
Dermatol. 2004;122:1495-1502.

19. Child FJ, Scarisbrick JJ, Calonje E, et al. Inactiva-
tion of tumor suppressor genes p15ink4b and
p16ink4a in primary cutaneous B cell lymphoma.
J Invest Dermatol. 2002;118:941-948.

20. Huber W, Von Heydebreck A, Sultmann H, et al.
Variance stabilization applied to microarray data
calibration and to the quantification of differential
expression. Bioinformatics. 2002;18(suppl 1):
S96-S104.

21. Tusher VG, Tibshirani R, Chu G. Significance
analysis of microarrays applied to the ionizing
radiation response. Proc Natl Acad Sci U S A.
2001;98:5121.

22. Klein U, Tu Y, Stolovitzky GA, et al. Gene expres-
sion profiling of B cell chronic lymphocytic leuke-
mia reveals a homogeneous phenotype related to
memory B cells. J Exp Med. 2001;194:1625-
1638.

23. Cheadle C, Vawter MP, Freed WJ, et al. Analysis
of microarray data using Z score transformation.
J Mol Diagn. 2003;5:73-81.

24. Tsujimoto Y, Croce CM. Analysis of the structure,
transcripts, and protein products of bcl-2, the
gene involved in human follicular lymphoma. Proc
Natl Acad Sci U S A. 1986;83:5214-5218.

25. Chang CC, Lorek J, Sabath DE, et al. Expression
of MUM1/IRF4 correlates with clinical outcome in
patients with B-cell chronic lymphocytic leukemia.
Blood. 2002;100:4671-4675.

26. Ito M, Iida S, Inagaki H, et al. MUM1/IRF4 ex-
pression is an unfavorable prognostic factor in
B-cell chronic lymphocytic leukemia (CLL)/small
lymphocytic lymphoma (SLL). Jpn J Cancer Res.
2002;93:685-694.

27. Alizadeh AA, Eisen MB, Davis RE, et al. Distinct
types of diffuse large B-cell lymphoma identified
by gene expression profiling. Nature. 2000;403:
503-511.

28. Wright G, Tan B, Rosenwald A, et al. A gene ex-
pression–based method to diagnose clinically
distinct subgroups of diffuse large B cell lym-
phoma. Proc Natl Acad Sci USA. 2003;100:9991-
9996.

29. Sánchez-Beato M, Sánchez-Aguilera A, Piris MA.
Cell cycle deregulation in B-cell lymphomas.
Blood. 2003;101:1220-1235.

30. Hallermann C, Kaune KM, Neumann C, et al. Mo-
lecular cytogenetic analysis of chromosomal
breakpoints in the IGH, MYC, BCL6 and MALT1
gene loci in primary cutaneous B-cell lymphomas.
J Invest Dermatol. 2004;123:213-219.

31. Akasaka T, Akasaka H, Ueda C, et al. Molecular
and clinical features of non-Burkitt’s, diffuse
large-cell lymphoma of B-cell type associated
with the c-MYC/immunoglobulin heavy-chain fu-
sion gene. J Clin Oncol. 2000;18:510-518.

32. Breuer M, Slebos R, Verbeek S, et al. Very high
frequency of lymphoma induction by a chemical
carcinogen in pim-1 transgenic mice. Nature.
1989:340:61-63.

33. van Lohuizen M, Verbeek S, Krimpenfort P, et al.
Predisposition to lymphomagenesis in pim-1
transgenic mice: cooperation with c-myc and N-
myc in murine leukemia virus-induced tumors.
Cell. 1989;56:673-682.

34. Allen JD, Verhoeven F, Domen J, et al. Pim-2
transgene induces lymphoid tumors, exhibiting

potent synergy with c-myc. Oncogene. 1997;15:
1133-1141.

35. Shirogane T, Fukada T, Muller JM, et al. Synergis-
tic roles for Pim-1 and c-Myc in STAT-mediated
cell cycle progression and antiapoptosis. Immu-
nity. 1999;11:709-719.

36. Shaffer AL, Yu X, He Y, et al. BCL-6 represses
genes that function in lymphocyte differentiation,
inflammation, and cell cycle control. Immunity.
2000;13:199-212.

37. Pasqualucci L, Migliazza A, Basso K, et al. Muta-
tions of the BCL6 proto-oncogene disrupt its
negative autoregulation in diffuse large B-cell
lymphoma. Blood. 2003;101:2914-2923.

38. Falini B, Fizzoti M, Pucciarini A, et al. A monoclo-
nal antibody (MUM1p) detects expression of the
MUM1/IRF4 protein in a subset of germinal cen-
ter B cells, plasma cells, and activated T cells.
Blood. 2000;95:2084-2092.

39. Corcoran LM, Karvelas M, Nossal GJV, et al. Oc-
tober-2, although not required for early B-cell de-
velopment, is critical for later B-cell maturation
and for postnatal survival. Genes and Dev. 1993;
7:570-582.

40. Iida S, Rao PH, Butler M, et al. Deregulation of
MUM1/IRF4 by chromosomal translocation in
multiple myeloma. Nature Genet. 1997;17:226-
230.

41. Matsuyama T, Grossman A, Mittrucker HW, et al.
Molecular cloning of LSIRF, alymphoid-specific
member of the interferon regulatory factor family
that binds the interferon-stimulated response ele-
ment (ISRE). Nucleic Acids Res. 1995;23:2127-
2136.

42. Mittrucker HW, Matsuyama T, Grossman A, et al.
Requirement for the transcription factor LSIRF/
IRF4 for mature B and T lymphocyte function.
Science. 1997;275:540-543.

43. Fanzo JC, Hu CM, Jang SY, et al. Regulation of
lymphocyte apoptosis by interferon regulatory
factor 4 (IRF-4). J Exp Med. 2003;197:303-314.

44. Gupta S, Anthony A, Pernis AB. Stage-specific
modulation of IFN-regulatory factor 4 function by
Kruppel-type zinc finger proteins. J Immunol.
2001;166:6104-6111.

45. Moritz A, Grzeschik KH, Wingender E, et al. Or-
ganization and sequence of the gene encoding
the human acrosin-trypsin inhibitor (HUSI-II).
Gene. 1993;123:277-281.

46. Rosenwald A, Wright G, Wing C, et al. The use of
molecular profiling to predict survival after che-
motherapy for diffuse large B-cell lymphoma.
N Engl J Med. 2002;346:1937-1947.

47. Breitschopf K, Haendeler J, Malchow P, et al.
Posttranslational modification of Bcl-2 facilitates
its proteasome-dependent degradation: molecu-
lar characterization of the involved signaling path-
way. Mol Cell Biol. 2000;20:1886-1896.

48. Calastretti A, Rancati F, Ceriani MC, et al. Rapa-
mycin increases the cellular concentration of the
BCL-2 protein and exerts an anti-apoptotic effect.
Eur J Cancer. 2001;37:2121-2128.

49. Kondo E, Nakamura S, Onoue H, et al. Detection
of bcl-2 protein and bcl-2 messenger RNA in nor-
mal and neoplastic lymphoid tissues by immuno-
histochemistry and in situ hybridization. Blood.
1992;80:2044-2051.

50. Chleq-Deschamps CM, LeBrun DP, Huie P, et al.
Topographical dissociation of BCL-2 messenger
RNA and protein expression in human lymphoid
tissues. Blood. 1993;81:293-298.




