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Expression of B-cell transcription factors in
primary cutaneous B-cell lymphoma

Juliette ] Hoefnagel’, Maryn MS Mulder?, Enno Dreef®, Patty M Jansen®, Steven T Pals?,
Chris JLM Meijer*, Rein Willemze" and Maarten H Vermeer'

'Department of Dermatology, Leiden University Medical Center, Leiden, The Netherlands; ?Department of
Pathology, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands; *Department
of Pathology, Leiden University Medical Center, Leiden, The Netherlands and *Department of Pathology, Vrije
Universiteit Medical Center, Amsterdam, The Netherlands

Expression patterns of eight transcription factors involved in different stages of B-cell development were
investigated in a large group of primary cutaneous B-cell ymphomas and compared with expression patterns
during normal B-cell development. The following transcription factors were investigated: Pax-5, PU.1, Oct2,
BOB.1, Bcl-6, Mum1/IRF4, Blimp-1 and FOXP1. Primary cutaneous large B-cell lymphomas, leg type showed
aberrant coexpression of Bcl-6 and Mum1/IRF4 and in addition strong expression of FOXP1. Expression of
FOXP1 and Mum1/IRF4 strongly suggests an activated B-cell type of origin. In contrast, primary cutaneous
follicle center lymphomas showed expression of Bcl-6, Pax-5, PU.1, Oct2 and BOB.1, but not of Mum1/IRF4,
Blimp-1 and FOXP1. Primary cutaneous marginal zone B-cell lymphoma showed expression of Pax-5, PU.1,
Oct2 and BOB.1, but not Bcl-6 by the neoplastic B-cells, and Mum1/IRF4 and Blimp-1 by the neoplastic plasma
cells. In conclusion, in primary cutaneous follicle center ymphoma and primary cutaneous marginal zone B-cell
lymphoma expression patterns were observed similar to their supposed benign counterparts, germinal center
B-cells and postgerminal center B-cells, respectively, which might reflect their indolent clinical behaviour and
excellent prognosis. In contrast, the activated B-cell expression pattern in the group of primary cutaneous large
B-cell lymphoma, leg type may contribute to its poor prognosis and Mum1/IRF4 and FOXP1 may serve as

additional diagnostic markers for this type of primary cutaneous B-cell lymphoma.
Modern Pathology (2006) 19, 1270—-1276. doi:10.1038/modpathol.3800650; published online 16 June 2006
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The process of B-cell development, in which early
B-cell precursors mature into terminally differen-
tiated plasma cells, is strictly regulated by a large
number of B-cell transcription factors. Distinct
stages of B-cell development are characterized by a
particular expression pattern of these factors.’”
With respect to B-cell lymphomas, expression
patterns of transcription factors are of particular
importance for several reasons: Firstly, they may
provide information about the maturation stage of
the cell of origin. Secondly, genetic defects includ-
ing chromosomal translocations and mutations
can result in deregulation of the transcriptional
machinery in B-cells and are considered to be of
major importance in the pathogenesis of B-cell
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lymphomas.* Finally, in some B-cell lymphoma
subtypes, expression of a specific transcription
factor can be used as a diagnostic or prognostic
marker.”

Recent studies have also established the signifi-
cance of B-cell transcription factors in the diagnosis
and pathogenesis of primary cutaneous B-cell
lymphomas.®® These lymphomas represent a hetero-
geneous group of B-cell non-Hodgkin’s lymphomas
presenting in the skin with no evidence of extra-
cutaneous disease at the time of diagnosis. Accord-
ing to the new World Health Organization-European
Organization for Research and Treatment of Cancer
(WHO-EORTC) classification three clinicopatho-
logically well-defined groups of primary cutaneous
B-cell lymphomas can be distinguished: primary
cutaneous follicle center lymphoma, primary cuta-
neous large B-cell lymphoma, leg type and primary
cutaneous marginal zone B-cell lymphoma.® Micro-
array analysis showed high expression values of
transcription factors multiple myeloma-1/interferon
regulatory factor 4 (MUM1/IRF4) and OCTZ2 in



primary cutaneous large B-cell lymphoma, leg type,
compared to primary cutaneous follicle center
lymphoma.? Consistently, these studies showed that
primary cutaneous follicle center lymphoma and
primary cutaneous large B-cell lymphoma, leg type
have distinct gene expression profiles, similar to
that of germinal center B-cel type (GCB-type) diffuse
large B-cell lymphoma (DLBCL) and activated B-cell
type (ABC-type) DLBCL, respectively.

These results prompted us to investigate the
expression of a large panel of B-cell transcription
factors expressed throughout the entire spectrum of
B-cell maturation, in primary cutaneous B-cell
lymphoma by immunohistochemistry. Three main
groups of B-cell transcription factors were studied:
(1) B-cell transcription factors expressed already in
early B-cell development stages in bone marrow,
including Pax-5 and PU.1; (2) B-cell transcription
factors expressed in mature B-cells (mantle cells and
(post) germinal center cells), including Oct2, its
cofactor BOB.1 and the germinal center marker Bcl-
6; (3) B-cell transcription factors associated with
plasmacellular differentiation, including Mum1/
IRF4 and Blimp-1. In addition, we studied expres-
sion of transcription factor FOXP1 because of its
association with the ABC-type of nodal DLBCL."*"*

The aim of the present study is (1) to compare the
expression patterns in primary cutaneous B-cell
lymphoma with physiological patterns in normal
B-cells in order to detect aberrant expression with
potential pathogenetic significance and (2) to find
out whether expression of some of these B-cell
transcription factors can be used in the differential
diagnosis of these lymphomas.

Methods
Patients

Pretreatment biopsies obtained at the time of
diagnosis from 29 patients with a primary cutaneous
B-cell lymphoma, including 11 primary cutaneous
large B-cell lymphomas, leg type, nine primary
cutaneous follicle center lymphomas and nine
primary cutaneous marginal zone B-cell lympho-
mas, were investigated. Tonsils and skin biopsy
specimens from five patients with a pseudo-B-cell
lymphoma were included as controls. Patients with
primary cutaneous B-cell lymphoma were defined
according to the criteria of the WHO-EORTC
classification.® All 11 primary cutaneous large B-
cell lymphoma, leg type cases showed diffuse
infiltrates predominantly consisting of large round
cells strongly expressing Bcl-2.

The biopsies of the nine primary cutaneous
follicle center lymphoma cases displayed diffuse
dermal infiltrates mainly consisting of medium to
large-sized cleaved cells (centrocytes), did not show
a (partly) follicular growth pattern and were con-
sistently Bcl-2 negative. In all cases of primary
cutaneous marginal zone B-cell lymphoma the
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diagnosis was supported by the presence of mono-
typic immunoglobulin light chain expression by
lymphoplasmacytoid cells and plasma cells on
paraffin sections.

In all primary cutaneous B-cell lymphoma cases,
there was no evidence of extracutaneous disease at
the time of diagnosis as assessed by adequate staging
procedures, which included physical examination,
complete blood cell counts, computed tomography
of chest and abdomen and bone marrow biopsy.
After a median follow-up period of 62 months
(range: 8-112 months), eight out of nine patients
with a primary cutaneous follicle center lymphoma
and eight out of nine patients with a primary
cutaneous marginal zone B-cell lymphoma were
alive without evidence of disease, one out of nine
patients with a primary cutaneous follicle center
lymphoma and one out of nine patients with a
primary cutaneous marginal zone B-cell lymphoma
died of another cause. Of the group of primary
cutaneous large B-cell lymphoma, leg type, five out
of 11 patients were alive without evidence of disease
and six patients died as a result of lymphoma.

Immunohistochemistry

Immunohistochemical staining was performed on
3 um sections of formalin-fixed, paraffin-embedded
tissues using standard procedures. After antigen
retrieval by boiling for 10min in 1.0 mM EDTA (pH
8.0) for Bcl-6, Pax-5, PU.1, Mum1/IRF4 and FOXP1,
and in 10 mM citrate buffer (pH 6.0) for Oct2, BOB.1,
Blimp-1, CD79a and CD3, tissue sections were
incubated overnight with antibodies against Bcl-6
(clone PG-B6p; dilution 1:200), CD20 (1:100), CD79a
(1:400), CD3 (1:100) (DAKO®™, Glostrup, Denmark),
PU.1 (1:400), BOB.1 (1:1600) (Santa Cruz Biotech-
nology®, CA, USA), Oct2 (clone Oct-207, 1:200)
(Novocastra®™, Klinipath, Duiven, The Netherlands),
Pax-5 (1:400) (BD Bioscience Pharmingen®, San
Diego, CA, USA), Blimp-1 (1:100) (Abgent®, San
Diego, USA), CD138 (1:800; Serotec®, Oxford, UK),
Mum?1/IRF4 (1:100) and against FOXP1 (JC12, 1:200
in 10% normal human serum (NHS)). The anti-
bodies against Mum1/IRF4 and FOXP1 were kindly
provided by professor G Cattoretti, Institute of
Cancer Genetics, Columbia University, New York,
USA and Dr AH Banham, Nuffield Department of
Clinical Laboratory Sciences, John Radcliffe Hospi-
tal, Oxford, UK, respectively.

For Pax-5, Oct2 and Mum1/IRF4, sections were
then incubated with biotin-labeled rabbit-anti-
mouse antibodies (1:200) and for PU.1, BOB.1 and
Blimp-1 with biotin-labeled swine-anti-rabbit anti-
body (1:400). Immunoreactivity was detected using
a streptavidin—biotin—peroxidase complex (sABC-
HRP; 1:100; DAKO®). For FOXP1, sections were
incubated with Envision HRP-labeled detection
system (DAKO®) and immunoreactivity was
detected using diamino-benzidine (DAB)-reagents
and counterstaining with hematoxylin. All second-



ary and tertiary antibodies were incubated for
30min in 1% PBS/BSA at room temperature.

The antibodies against B-cell- (CD20, CD79a),
plasma cell- (CD138) and T-cell- (CD3, CD5) antigens
were used to verify the localization of the neoplastic
B-cells and reactive T-cells. Staining of transcription
factors was scored into three groups as follows: 0—
24% positive staining tumor cells, 25—49% positive
staining tumor cells and 50% or more positive cells.
Expression was considered as positive, if 25% or
more of the neoplastic cells stained, and as negative
if <25% of the neoplastic cells stained.

Results

A summary of the results is provided in Table 1.
In Table 2 the expression of investigated B-cell

transcription factors in normal B-cell development
is displayed.***

Early B-Cell Transcription Factors: Pax-5 and
PU.1 Expression

In pseudo B-cell lymphomas and tonsils, Pax-5 was
strongly expressed by mantle cells and less inten-
sely by follicle center cells, whereas plasma cells
were always Pax-5 negative. In both groups of
primary cutaneous follicle center lymphoma and
primary cutaneous large B-cell lymphoma, leg type,
all tumor cells were Pax-5 positive. In primary
cutaneous marginal zone B-cell lymphoma, Pax-5
expression was observed in the small neoplastic
B-cells, but the monotypic plasma cells were always
negative.

Table 1 Summary of immunohistochemistry results in primary cutaneous B-cell lymphomas

Pax-5+ PU.1+ BOB.1+ Oct2+
0-24% 25-49%  >=50% 0-24% 25-49% >50% 0-24% 25-49% >50% 0-24% 25-49% >50%
PLBCL, leg type — — 11/11 — 8/11 3/11 — — 11/11 — — 11/11
PCFCL — — 9/9 — 6/9 3/9 — — 9/9 2/9 — 7/9
PCMZL 2/9° — 7/9 2/9° — 7/9 — — 9/9 1/9 — 8/9
Bcl-6+ Mum1/IRF4+ Blimp-1+ FOXP1+
0-24% 25-49% > 50% 0-24% 25-49% >50% 0-24% 25-49% > 50% 0-24% 25-49% >50%
PLBCL, leg type — 1/11 10/11 — 2/11 9/11 11/11 — — 0/11 — 11/11
PCFCL — 1/9 8/9 8/9 1/9 — 9/9 — — 7/8 1/8 —
PCMZL 9/9 — — 7/9 — 2/9* 7/9 — 2/9* 4/9 3/9 2/9

“In two PCMZL cases more than 50% plasma cells were present, which showed positive staining of both Mum1/IRF4 and Blimp-1, but were

negative for PU.1 and Pax-5.

Abbreviations: PCLBCL, leg type: primary cutaneous large B-cell lymphoma, leg type; PCFCL: primary cutaneous follicle center lymphoma;

PCMZL: primary cutaneous marginal zone B-cell lymphoma.

Table 2 Physiological expression of transcription factors in normal B-cells during B-cell development and comparison with different

types of primary cutaneous B-cell lymphoma (CBCL)

Mature B-cell
transcription factors

Early B-cell
transcription factors

Activated B-cell type associated
transcription factor

Plasmacellular
transcription factors

Pax-5 PU.1 Oct2  BOB.1 Bcl-6 Mumi1/IRF4 Blimp-1 FOXP1

Normal B-cells

Immature B-cell + + — — — — - ND

Activated B-cell + ND ND ND — + — +

Mantle B-cell + + + + - — - +

Germinal center + + + + + - — +/—

B-cell

Plasma cell - - + + - + + _
CBCL

PCLBCL, leg type + + + + + + - +

PCFCL + + + + + - — _

PCMZL +7 +2 + + — _a _a +/—

“The present monotypic plasma cells stained positive for Mum1/IRF4 and Blimp-1 and negative for Pax-5 and PU.1.
Abbreviations: ND, no data; PCLBCL, leg type, primary cutaneous large B-cell lymphoma, leg-type; PCFCL, primary cutaneous follicle center

lymphoma; PCMZL, primary cutaneous marginal zone B-cell lymphoma.
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In pseudo B-cell lymphoma and tonsils, PU.1
expression was observed in the nuclei of all present
B-cell populations, except in plasma cells that were
consistently negative. PU.1 was expressed by the
tumor cells of primary cutaneous large B-cell
lymphoma, leg type and primary cutaneous follicle
center lymphoma in all cases. In primary cutaneous
marginal zone B-cell lymphoma, expression of PU.1
was observed in the small neoplastic B-cells,
whereas plasma cells were PU.1 negative in all
cases. Consistent with data from literature, PU.1
expression was observed in admixed histiocytes.*®

Mature B-Cell Transcription Factors: Oct2, BOB.1
and Bcl-6 Expression

BOB.1 and Oct2 were detectable in all B-cell
populations present in pseudo B-cell lymphomas
and tonsils including mantle B-cells, germinal
center B-cells and plasma cells. Expression of both
Oct2 and BOB.1 was observed in 90% or more of the
tumor cells in all 11 cases of primary cutaneous
large B-cell lymphoma, leg type. In seven of nine
primary cutaneous follicle center lymphoma cases,
expression of Oct2 was found in the majority of
the tumor cells, whereas in two cases <10% of the
tumor cells stained positive. In this group, a weak to
moderate staining intensity of Oct2 was observed.
BOB.1 was expressed in 90% or more of the tumor
cells in all primary cutaneous follicle center lym-
phoma cases. In eight of nine primary cutaneous
marginal zone B-cell lymphoma cases, expression of
Oct2 was observed in the neoplastic cells, whereas
BOB.1 was expressed by the tumor cells in all nine
cases.

In tonsils and pseudo B-cell lymphomas, Bcl-6
expression was restricted to the germinal center
B-cells. The vast majority of the tumor cells of both
primary cutaneous large B-cell lymphoma, leg type
and primary cutaneous follicle center lymphoma

stained positive for Bcl-6. Staining intensity
could vary among individual tumor cells in both
lymphomas. The tumor cells of primary cutaneous
marginal zone B-cell lymphoma were Bcl-6 negative
in all cases, but small clusters of Bcl-6 positive cells
were observed in (remnants of) reactive germinal
centers.

Plasmacellular Transcription Factors: Mum1/IRF4
and Blimp-1 Expression

In pseudo B-cell lymphomas and tonsils, Mum1/
IRF4 expression was found in the nuclei of plasma
cells and a few germinal center cells. In eight of 11
primary cutaneous large B-cell lymphoma, leg type
cases, strong staining of Mum1/IRF4 was observed
in 80% or more of the tumor cells as illustrated in
Figure la. In three cases percentages of positive
staining tumor cells were between 30 and 60%. In
eight of nine primary cutaneous follicle center
lymphoma, Mum1/IRF4 expression was found in
at most 10% or less of the tumor cells, but in one
case 30% of the tumor cells stained (Figure 1b). In
primary cutaneous marginal zone B-cell lymphoma,
Mum1/IRF4 expression was observed in plasma
cells (more than 50% of the tumor in two cases),
but small B-cells were Mum1/IRF4 negative in all
cases (Figure 2a).

In tonsils and pseudo B-cell lymphomas, weak to
moderate expression of Blimp-1 was observed in
small clusters of plasma cells and in few scattered
large germinal center cells. In cutaneous B-cell
lymphoma, the tumor cells of all primary cutaneous
large B-cell lymphoma, leg type and primary
cutaneous follicle center lymphoma were Blimp-1
negative. In primary cutaneous marginal zone B-cell
lymphoma, Blimp-1 expression was observed in
plasma cells, but small B-cells stained negative in all
cases (Figure 2b).

Figure 1 The tumor cells of primary cutaneous large B-cell lymphoma, leg type strongly express Mum1/IRF4 (a), whereas the tumor cells
of primary cutaneous follicle center lymphoma are Mum1/IRF4 negative (b).
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Figure 3 The tumor cells of primary cutaneous large B-cell lymphoma, leg type strongly express FOXP1 (a), whereas the tumor cells of
primary cutaneous follicle center lymphoma are FOXP1 negative (b).

FOXP1 Expression

In pseudo B-cell lymphomas and tonsils, FOXP1
expression was predominantly found in the B and T-
cells in the mantle zone and in a variable proportion
of germinal center B-cells, whereas plasma cells
were negative.

All 11 cases of primary cutaneous large B-cell
lymphoma, leg type displayed strong FOXP1
expression in 90% or more of the tumor cells
(Figure 3a). In seven of eight investigated primary
cutaneous follicle center lymphomas, tumor cells
were FOXP1 negative or only a small minority
(5—10%) of the tumor cells showed FOXP1 expres-
sion (Figure 3b). In primary cutaneous marginal
zone B-cell lymphoma, expression of FOXP1
was observed in more than 90% of the tumor
cells in two cases, in three cases staining percen-
tages between 25 and 49% of the tumor cells
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were found and in four cases <25% of the tumor
cells stained.

Discussion

In the present study, the expression of a broad panel
of B-cell transcription factors reflecting the entire
process of B-cell development was investigated in
three different types of primary cutaneous B-cell
lymphoma and compared with expression patterns
in tonsils and cutaneous pseudo B-cell lymphomas.
The main finding of the study was that primary
cutaneous large B-cell lymphoma, leg type showed
an aberrant expression pattern of B-cell transcrip-
tion factors with coexpression of Bcl-6 and Mum1/
IRF4, markers which appear mutually exclusive
during normal B-cell development.**** In addition,
consistent expression of FOXP1 was found in this



group. In contrast, primary cutaneous follicle center
lymphoma and primary cutaneous marginal zone B-
cell lymphoma showed expression patterns similar
to those found in the benign counterparts of these
lymphomas, germinal center cells and postgerminal
center cells, respectively.

Coexpression of Bcl-6 and Mum1/IRF4 was
found in all 11 primary cutaneous large B-cell
lymphoma, leg type, and has also been reported
in 50% of nodal DLBCL.** Additonally, all primary
cutaneous large B-cell lymphoma, leg type cases
showed strong and uniform FOXP1 expression.
In a recent study, Kodama et a/** found FOXP1
expression in 72% of the primary cutaneous
B-cell lymphoma, leg type cases. FOXP1 is a
member of the FOX-P subfamily of transcription
factors with still ill-defined biological functions.**
Gene expression profiling studies showed that
FOXP1 is expressed by activated peripheral
blood B-cells and can be considered, like Mum1/
IRF4, as a marker of the ABC-type.” Expression
of Mum1/IRF4 and FOXP1 strongly suggests that
the neoplastic B-cells in primary cutaneous large
B-cell lymphoma, leg type have an activated
B-cell origin, which is consistent with the results
of our previous microarray study.® However, the
combined expression of activated B-cell markers,
FOXP1 and Mum1/IRF4, and germinal center Bcl-6
in this group is a phenomenon that is difficult to
interpret. The presence of chromosomal trans-
locations involving BCL6 and immunoglobulin
genes in 40% of primary cutaneous large B-cell
lymphoma, leg type, including three of six investi-
gated cases of the present study, suggests that at
least a proportion of these lymphomas acquires
aberrant Bcl-6 protein expression as a result of this
chromosomal translocation.*®

Furthermore, Banham et al'® showed an associa-
tion between FOXP1 protein expression and a poor
prognosis in nodal DLBCL. Interestingly, this
FOXP1 expressing subset of DLBCL showed addi-
tional genotypic and phenotypic similarities to
primary cutaneous large B-cell lymphoma, leg type
including expression of Mum1/IRF4, expression of
Bcl-2 in absence of chromosomal translocation
t(14;18) and an ABC gene expression profile.>?%2”
In another study, the chromosomal translocation
t(3;14) involving FOXP1 and IGH genes could be
demonstrated in only one out of 10 FOXP1 expres-
sing DLBCL cases as a underlying mechanism of
FOXP1 protein expression.?® Using a fluorescent in
situ hybridization (FISH)-analysis, we did not detect
the chromosomal translocation t(3;14) in any of the
11 PCLBCL, leg-type cases of the present study (data
not shown).

The strong expression of Mum1/IRF4 and FOXP1
in all primary cutaneous large B-cell lymphoma, leg
type, and the almost absent expression of these
markers in the group of primary cutaneous follicle
center lymphoma suggest that Mum1/IRF4 and
FOXP1 may serve as useful diagnostic markers for
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primary cutaneous large B-cell lymphoma, leg type.
Distinction between primary cutaneous follicle
center lymphoma and primary cutaneous large B-
cell lymphoma, leg type is considered important
because of differences in prognosis (5-year survival
>95 and 50%, respectively) and the first choice of
treatment (radiotherapy or systemic chemotherapy,
respectively).” However, the results of the present
study and other studies suggest that expression of
neither FOXP1 nor Mum1/IRF4 has prognostic
significance in the group of primary cutaneous large
B-cell lymphoma, leg type.**

In primary cutaneous follicle center lymphoma,
an expression pattern similar to that of normal
centrocytes and centroblasts was observed support-
ing their germinal center cell-origin. The tumor cells
expressed early B-cell transcription factors Pax-5
and PU.1, germinal center marker Bcl-6, transcrip-
tion factors Oct2 and BOB.1, but not the plasma cell
and ABC markers Mum1/IRF4, Blimp-1 and FOXP1.
In nodal follicular lymphoma a similar phenotype
was demonstrated.”"”

In the group of primary cutaneous marginal zone
B-cell lymphoma, the expression pattern of B-cell
transcription factors observed in the tumor cells
corresponded to a postgerminal center phenotype in
all cases. The small neoplastic B-cells expressed
early B-cell markers Pax-5 and PU.1, mature B-cell
markers Oct2 and BOB.1, but were all negative for
germinal center marker Bcl-6. As a result of
immunohistochemical studies showing expression
of Bcl-6 in primary cutaneous follicle center lym-
phoma, but not in primary cutaneous marginal zone
B-cell lymphoma, Bcl-6 is currently used as an
useful marker to differentiate between these two
types of primary cutaneous B-cell lymphoma.®” The
expression of FOXP1 was variable in primary
cutaneous marginal zone B-cell lymphoma (see
Table 1). Recent studies demonstrated that FOXP1
protein expression can be the result of the chromo-
somal translocation t(3;14) as reported in 10% of a
large group of extranodal MALT (mucosa-associated
lymphoid tissue) lymphomas including two cases
involving the skin.** However, additional FISH-
analysis on all nine cases from the present study
did not reveal the presence of the t(3;14) transloca-
tion in this group (data not shown).

In conclusion, in primary cutaneous follicle
center lymphoma and primary cutaneous marginal
zone B-cell lymphoma expression patterns of B-cell
transcription factors were observed similar to the
supposed benign counterparts of these lymphomas,
germinal center B-cells and postgerminal center B-
cells, respectively. The presence of a physiological
expression pattern of several important regulators of
B-cell development might reflect the indolent
clinical behaviour and excellent prognosis of both
types of primary cutaneous B-cell lymphoma. In
contrast, an ABC-type expression pattern was
observed in primary cutaneous large B-cell lympho-
ma, leg type, which is likely to contribute to the



pathogenesis and poor prognosis of this primary
cutaneous B-cell lymphoma subtype.
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