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CHAPTER 1

General Introduction






Primary cutaneous lymphomas are a group of lympho-
proliferative disorders, mostly derived from T-cells or
B-cells, which present in the skin with no evidence of
extracutaneous disease at time of diagnosis. Whereas
most lymphomas arise in lymph nodes, a considerable
proportion primarily involves extranodal sites. After the
gastrointestinal tract, the skin is the second most common
localization of extranodal non-Hodgkin’s lymphomas
with an estimated annual incidence of 1 per 100 000
individuals.! Primary cutaneous lymphomas often have
a different clinical behavior and prognosis than nodal
lymphomas of the same histological subtype, and require
a different type of treatment in most cases. For that
reason, recent classification systems for non-Hodgkin’s
lymphomas, such as the European Organization for
Research and Treatment of Cancer (EORTC)-classification
and the World Health Organization (WHO)-classification,
have included primary cutaneous lymphomas as separate
disease entities.!?

Primary cutaneous lymphomas are divided in two
main groups: primary cutaneous T-cell lymphomas
(CTCL) that account for approximately 75-80% of
cases and primary cutaneous B-cell lymphomas (CBCL)
accounting for the remaining 20-25%.'% According to
the EORTC classification three main types of CBCL can
be distinguished: primary cutaneous immunocytoma or
marginal zone B-cell lymphoma (PCI/PCMZL), primary
cutaneous follicle center cell lymphoma (PCFCCL) and
primary cutaneous large B-cell lymphoma of the leg
(PCLBCL-leg). Whereas there is consensus between

the EORTC and WHO classification schemes regarding
the classification of most types of CTCL, there has
been considerable discrepancy on the classification and
terminology of CBCL (see Table 1).

This thesis includes a number of clinicopathologic
and molecular genetic studies in different groups of
CBCL. The aims of these studies were (1) to define more
clearly the different types of CBCL, (2) to identify novel
diagnostic and prognostic markers and (3) to gain a better
understanding of the molecular mechanisms underlying the
pathogenesis of these lymphomas. For the understanding
of B-cell lymphomas and their classification, knowledge
of the genetic, morphological and immunophenotypical
changes involved in physiological B-cell differentiation is
a prerequisite. For that reason, in this introductory chapter
normal B-cell development and its relationship with the
pathogenesis of B-cell lymphoma, will be discussed
first. Next, the different types of CBCL are presented
and current controversies which formed the basis of the
studies in this thesis are discussed.

1. Normal B-cell development

B and T lymphocytes are the primary effector cells of
the adaptive immune response. Cardinal features of this
response type are the specific recognition of a particular
antigen, discrimination between self and non-self antigens
and the generation of a long-lasting immunologic
memory.*’

Table 1. Classification of primary cutaneous B-cell lymphoma according to the Kiel classification, the European
Organization for Research and Treatment of Cancer (EORTC) classification and the World Health

Organization (WHO) classification.

Kiel classification EORTC classification

WHO classification

Immunocytoma

Centroblastic/centrocytic or

centroblastic lymphoma lymphoma

Centroblastic lymphoma

Immunoblastic lymphoma lymphoma of the leg

Plasmacytoma
Y Plasmacytoma

Intravascular large B-cell lymphoma

Primary cutaneous immunocytoma/
marginal zone B-cell lymphoma

Primary cutaneous follicle center cell

Primary cutaneous large B-cell

Intravascular large B-cell lymphoma

Extranodal marginal zone B-cell lymphoma
of mucosa-associated lymphoid tissue (MALT
lymphoma)

Cutaneous follicle center lymphoma*
Diffuse large B-cell lymphomaf

Diffuse large B-cell lymphoma

Plasmacytoma

Diffuse large B-cell lymphoma (intravascular)

* Cases with a (partly) follicular growth pattern.
+ Cases with a diffuse infiltrate of large neoplastic B-cells.



B-cell maturation occurs in steps, first in the bone
marrow from hematopoietic precursors to immature B-
cells, then in the peripheral lymphoid organs to fully mature
B-cells and finally into terminally differentiated plasma
cells. At each developmental step, B-cells are instructed
by transcription factors on how to further differentiate.®
1 The sequential developmental stages of B-cells are not
only characterized by the particular expression of these
transcription factors and other differentiation markers,
but also by the specific structure of the antigen receptor
on the surface of B-cells, the B-cell receptor (BCR) (see
Table 2)."12 The BCR is composed of two identical heavy
chain and two identical light chain immunoglobulin (Ig)
polypeptides that are covalently linked by disulphide
bridges. Each Ig chain consist of a variable (V) region,
which interact with antigen, and a constant (C) region,
which mediate the effector functions of Igs.

Antigen-independent B-cell development.

In the early developmental phase in the bone marrow,
B-cells primarily arise from hematopoietic stem cells
and differentiate into mature B-cells.*!"'* During this
phase rearrangement of DNA segments encoding the
variable regions (variable (V), diversity (D) and joining
(J) regions) of the heavy and light chains takes place to
create antigen diversity of the Igs. This molecular process,
V(D)J recombination, involves double-stranded DNA-
breaks that are initiated by recombinase-activating genes
(RAGI and RAG2) and resolved by the non-homologous
end-joining repair apparatus.'> By V(D)J recombination
an immense antibody diversity is generated as each B-cell
has its own unique combination of different V-, D- and
J-segments of the Ig heavy and light chains.

The first B-cell precursor is the progenitor B-cell or
pro-B-cell. In this pro-B-cell stage the rearrangement of
the immunoglobulin heavy chain genes is initiated. The
next B-cell precursor is termed pre-B-cell. In this cell the
recombination of VDJ genes of the heavy chain gene locus
has already completed, resulting in cytoplasmic expression
of the p heavy chain. Subsequently, rearrangement of the
Ig light chain gene (IgL) locus occurs and leads to the
expression of a complete IgM molecule consisting of two
p-chains and two light chains, which is expressed on the
cell surface and serves as its receptor for antigen. This
third precursor stage is designated as immature B-cell.
Immature B-cells give rise to mature naive B-cells, that as
aresult of an alternative splicing of Ig heavy chain mRNA,
express both IgM and IgD. In contrast to immature B-
cells, mature naive B-cells have the capacity to respond to
the binding of a foreign antigen. After negative selection
of autoreactivity, the naive IgM+IgD+ B-cells exit the
bone marrow.

The majority of the mature naive B-cells continues
circulating to the peripheral lymphoid tissue, where they,

as long-lived IgM+IgD+ follicular B-cells, can form
primary B-cell follicles in association with follicular
dendritic cells (FDCs). However, a small proportion of
the mature naive B-cells homes to the splenic marginal
zone, which is a region at the border of the white pulp,
and remains there as naive non-circulating marginal zone
B-cells.

Antigen-dependent B-cell development.

After antigen encounter, naive follicular B-cells
become activated in association with T-cell help and
interdigitating cells. They appear to move into the T-cell
zones of lymphoid tissues, where they transform into large
proliferating blasts (see Figure 1). The daughter cells can
either differentiate into plasmablasts and IgM-producing
plasma cells outside of the follicle (extrafollicular
response), or into B-cells that acquire the capacity to
initiate a germinal center reaction. These B-cells move
into primary follicles of lymph nodes, where they
proliferate and differentiate into centroblasts to form an
early germinal center.*'* The non-antigen-triggered naive
B-cells in the primary follicle are pushed aside forming
the mantle zone of the secondary B-cell follicle.

The ultimate goal of the germinal center reaction is the
generation of memory cells and plasma cells that produce
Igs with high affinity for the antigen that provoked the
immune reaction.'>!® To achieve this goal, B-cells interact
in a dynamic microenvironment with T-cells, FDCs
and antigen. Early germinal center B-cells are rapidly
proliferating B cell blasts, termed centroblasts, and
differentiate further into centrocytes which gather at one
end of the follicle. This leads to the formation of two zones
within the germinal center: a“dark zone” containing centro-
blasts and a “light zone” mainly composed of centrocytes.
These centroblasts and centrocytes differ from mature
B-cells in their immunophenotype and susceptibility to
apoptosis: they express CD10 and transcription factor
Bcl-6 and down-regulate the expression of surface Ig and
of the anti-apoptosis protein Bcl-2.

The rounds of germinal center cell proliferation are
accompanied by affinity maturation of immunoglobulins
by the processes of somatic hypermutation and antigen
selection.”” In a process of positive selection, germinal
center cells introduce single mutations in their genes
encoding the variable region of Ig, and those that acquire
mutations that maintain or improve the affinity of the Ig
for antigen are rescued from the process of apoptosis and
can differentiate further. This selection process is made
more efficient by the decrease of Ig molecules expressed
on the surface of the germinal center cells. The few
centrocytes whose mutations have resulted in surface
Ig receptors with high affinity for the antigen presented
by the FDC will bind to the trapped antigen and receive
survival signals from the FDC (positive selection).
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Figure 1. Antigen-dependent development of B-cells.

Recent studies have shown that the somatic hypermutation
machinery is not only targeting Ig genes, but also, albeit
at a much lower frequency, genes encoding Bcl-6 protein,
CD?95, and the B-cell receptor accessory proteins CD79a
and CD79b.'82!

Positively selected B-cells receive growth and
differentiation signals that promote class switch
recombination and differentiation into memory B-cells or
terminally differentiated plasma cells."** The process of
class switch recombination aims to increase the defence
efficiency of the secreted antibodies by altering the
effector function of the Igs by means of isotype switch:
by a DNA rearrangement in which deletion replaces
one immunoglobulin heavy chain constant region gene
segment (usually p) with a more downstream located
gene segment (Y, €, or o). The “class-switched” B-cells
are those that preferentially mature into plasma cells.
During the transitional phase to plasma cells expression
of BCL6 is switched off and expression of plasmacellular
transcription factors MUMI/IRF4 and BLIMP-1 is
switched on.*!012

Finally, plasma cells and memory B-cells, which
mainly have somatically mutated, high affinity BCRs
and express switched immunoglobulin isotypes, exit the
germinal center.”? Post-germinal center memory B-cells
show little or no expression of IgD and strong expression
of IgM, and in case of class switching IgG, IgE or IgA,
as well as somatically mutated variable region genes.
They retain high-affinity BCR at their cell surface and
preferentially home to marginal zones. Upon secondary

antigen encounter memory B-cells respond with rapid
proliferation and differentiation, generating large numbers
of Ig secreting plasma cells. Plasma cells that result from
a germinal centre reaction might become long-lived and
predominantly survive in the bone marrow and organs
directly exposed to foreign antigen, i.e. the lungs and
the gastrointestinal tract. They synthesize clonospecific
antibodies destinated for secretion, but have down
regulated BCR surface expression.

2. Molecular pathogenesis of B-cell lymphoma

In the Western world, about 20 new cases of lymphoma are
diagnosed per 100 000 individuals per year.* More than
90% of the lymphomas are of B-cell origin, the remaining
10% are T-cell malignancies and a small percentage is
derived from NK-cells. It is generally thought that the
higher propensity of B-cells for malignant transformation
is related to the gene recombination and mutation events
that occur during normal B-cell development. In the
current WHO classification more than 15 types of B-cell
lymphoma are distinguished and most B-cell neoplasms
reflect features of the distinct B-cell differentiation stages
(Table 2).21%2* The various types are not only characterized
by specific histopathological and genetic features, but may
also have very different clinical behaviours and therefore
require different treatments.

Analogous to other types of cancer, DNA lesions are
primarily responsible for the development of B-cell



lymphoma. Alterations in the genome of cancer cells lead
to the activation of proto-oncogenes and the inactivation
of tumor suppressor genes, which drives the neoplastic
process mainly by stimulation of cellular proliferation
and by inhibition of apoptosis.”® Additionally, cancer
cells often exhibit genomic instability and capacity to
metastasize. The activation of oncogenes can result from
chromosomal translocations, amplification or activating
mutations. Tumor suppressor genes are mostly inactivated
through chromosomal deletions, inactivating mutations or
promoter hypermethylation.?® During evolution of disease,
also due to genomic instability, DNA lesions accumulate,
cellular heterogeneity develops and more malignant
clones emerge.”’

Historically, the detection of recurrent, non-random
chromosomal abnormalities by traditional karyotypic
analysis of metaphases has represented the major clue
toward the identification and cloning of most genetic
alterations of B-cell lymphoma. However, in the past
twenty years considerable progress has been made to
elucidate the cellular origin of different types of B-cell
lymphomas and the identification of key malignant
transforming events, in particular the role of chromosomal
translocations.'>*%%

Chromosomal translocations represent the main
mechanism of proto-oncogene activation in B-cell lympho-
ma. Similar to most types of hematopoietic neoplasms,
chromosomal translocations in B-cell lymphoma represent
reciprocal and balanced recombination events between
two specific chromosomal sites. These translocations are
recurrent within a specific clinicopathologic category
of B-cell lymphoma and are clonally represented in
each tumor case. A hallmark of many types of B-cell

lymphoma is a chromosomal translocation involving
one of the immunoglobulin loci and a proto-oncogene.”
As a consequence of such translocations, the oncogene
comes under the control of an active immunoglobulin
locus, causing deregulated, constitutive expression
of the translocated gene. An exception to this model is
represented by the t(11;18) of MALT (mucosa associated
lymphoid tissue) lymphoma which causes fusion
between two genes coding for a chimeric protein (AP12/
MLT).* The occurrence of chromosomal translocations
is associated with genetic remodeling events that take
place during normal B-cell development, including
V(D)J-recombination, somatic hypermutation and class
switch recombination.’>?® In Table 3 the chromosomal
translocations characteristic of the main types of B-cell
lymphoma are presented.>3*4!

Although chromosomal translocations involving Ig
genes are considered as a hallmark of many types of B-
cell lymphoma, many other transforming events have also
been implicated in the pathogenesis of B-cell lymphomas,
such as inactivating mutations of tumor suppressor
genes or genomic amplifications. Disruption of tumor
suppressor loci in B-cell lymphoma generally leads to
biallelic inactivation, most frequently through deletion of
one allele and mutation of the other. The tumor suppressor
genes most frequently involved in the pathogenesis of B-
cell lymphoma are p53, pl6 and ATM.** In addition,
specific chromosomal deletions have been reported in
B-cell lymphoma, which presumably represent sites of
unidentified tumor suppressor genes. These deletions
involve most frequently the long arm of chromosomes 6
and 13.4647

Table 3. Chromosomal translocations in the main types of B-cell lymphoma.

Lymphoma Chromosomal Involved proto-oncogene Frequency (%) References
translocation

Mantle cell lymphoma t(11;14)(q13;q932) CCND1 >95 2

Follicular lymphoma t(14;18)(q32;q21) BCL2 80 2,31

Diffuse large B-cell lymphoma  t(3;14)(q27;q32) BCL6 25-35 2,32,33
t(14;18)(q32;q21) BCL2 20 34
t(8;14)(q24:q32) CMYC 10 35
t(3;14)(p14.1q32) FOXP1 rare 36

Burkitt’s lymphoma t(8;14)(q24:q932) CMYC 80 2

MALT lymphoma t(11;18)(q21;q21) API12/MLT 14-42 30,37,38
t(1;14)(p22;q32) BCL10 1-2 39
t(14;18)(q32;q21) MALT1 15-20 39,40
t(3;14)(p14.1q32) FOXP1 10 41
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3. Primary cutaneous B-cell lymphoma

The term primary cutaneous B-cell lymphoma (CBCL)
refers to a heterogeneous group of non-Hodgkin’s B-
cell lymphomas primarily presenting in the skin, without
evidence of extracutaneous manifestations at time
of diagnosis.! These CBCL have to be differentiated
from systemic B-cell lymphomas involving the skin
secondarily. Until recently, the distinction between
primary and secondary cutaneous B-cell lymphomas
was not made. Malignant lymphomas arising in the skin
other than mycosis fungoides, were generally considered
as manifestations of systemic disease. However, the
introduction of immunohistochemistry in the late
seventies was of major importance for the diagnosis and
classification of B-cell lymphoproliferative disorders in
the skin. The presence of monotypic immunoglobulin
light chain expression on frozen or paraffin tissue sections
became generally accepted as the golden standard for
the diagnosis of a malignant B-cell lymphoma. This did
not only facilitate differentiation between malignant
B-cell lymphomas and reactive B-cell proliferations
(pseudo B-cell lymphomas), but also resulted in the
observation that malignant lymphoma can arise in
the skin without concurrent systemic disease being
detectable. According to the (histologic) criteria of the
Kiel classification, most of these CBCL were classified
as immunocytoma, centroblastic/centrocytic lymphoma
(CB/CC), centroblastic lymphoma (CB) or immunoblastic
lymphoma (IB) (see Table 1).4

Clinicopathologic studies on well-defined patient
groups showed that the different types of CBCL have a
distinct clinical presentation and course. Furthermore, it
was shown that CBCL often have a completely different
clinical behaviour than their morphologically similar
systemic counterparts and therefore require a different
therapeutic approach. Between 1986 and 1996 three main
types of CBCL were defined.

Distinct types of CBCL

CBCL classified as lymphoplasmacytic, lympho-
plasmacytoid or polymorphic immunocytoma according
to the Kiel classification were collectively called primary
cutaneous immunocytoma (PCI). These PCI presented as
solitary or multiple (sub)cutaneous tumors preferentially
involving the extremities and were characterized by an
excellent prognosis.*’

CBCL classified as CB/CC or CB lymphoma generally
presented with tumors on the head or on the trunk, rarely
disseminated to extracutaneous sites, were extremely
responsive to radiotherapy and appeared to have an
excellent prognosis with a 5-year survival of >95%.%-*
Importantly, no differences in clinical presentation and
prognosis were seen between cases classified either as

CB/CC or CB lymphoma, neither between cases with
a follicular, follicular and diffuse, or diffuse growth
pattern. Because the tumor cells of these CB/CC or CB
CBCL showed the morphology of cells normally found
in the follicle center of lymph nodes, i.e. centrocytes and
centroblasts, the term ‘primary cutaneous follicle center
cell lymphoma’ (PCFCCL) was proposed.™

Already in the first publication on PCFCCL, it was
noticed that patients with tumors on the legs had a more
aggressive clinical behaviour. Additional studies confirmed
that these tumors particularly develop in elderly females,
more often relapse and disseminate to extracutaneous sites,
and have an more unfavorable prognosis (5-year survival
approximately 50%), as compared to PCFCCL presenting
on the head or trunk.” Histologically, these lymphomas
showed a monotonous population of centroblasts and
immunoblasts and in contrast to PCFCCL strongly
expressed Bcl-2 protein.’ For these reasons, these cases
were considered as a separate entity and designated
‘primary cutaneous large B-cell lymphomas of the leg’
(PCLBCL-leg).

Classification of CBCL

Since CBCL often have a different clinical behaviour
and prognosis as compared to their nodal counterparts,
they should also be treated in a different way. However,
existing classification schemes for malignant lymphomas,
including the (up-dated) Kiel classification, the Working
Formulation and the REAL classification did not recognize
these CBCL as distinct entities.*™’>* Consequently,
patients with indolent types of CBCL were often treated
as nodal lymphomas with systemic chemotherapy rather
than with radiotherapy. Since the existing classification
schemes used for nodal lymphomas were inadequate
to categorize CBCL in a clinically meaningful way, the
EORTC Cutaneous Lymphoma Study Group proposed
a separate classification scheme for primary cutaneous
lymphomas. In the EORTC classification three main
types of CBCL are distinguished: primary cutaneous
immunocytoma or marginal zone B-cell lymphoma (PCI
/ PCMZL)*$65 " primary cutaneous follicle center cell
lymphoma (PCFCCL)*-3%7¢ and primary cutaneous
large B-cell lymphoma of the leg (PCLBCL-leg)35%-
87073 Tn addition, plasmacytoma and intravascular large
B-cell lymphomas were included as provisional entities
(see Tabel 1). In Table 4 the most important clinical and
histopathological features of the three main types of CBCL
are summarized. The typical clinical manifestations are
shown in Figures 2-4.

In 2001 the WHO classification for hematopoietic and
lymphoid neoplasms was published as a successor of the
REAL classification.? This classification scheme adopted
the most common types of CTCL, including mycosis
fungoides, variants of mycosis fungoides, Sézary syndrome
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Figure 2. Primary cutaneous marginal zone B-cell lymphoma.

Figure 4. Primary cutaneous large B-cell lymphoma of the leg.
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and the group of primary cutaneous CD30 positive
lymphoproliferative disorders, together accounting for
more than 90% of the CTCL patients. However, the WHO
classification did not adopt the different types of CBCL
included in the EORTC classification. The PCMZL group
of the EORTC classification was included in a broad
category of extranodal marginal zone B-cell lymphoma of
mucosa-associated lymphoid tissue (MALT lymphoma),
although these skin-limited cases may show different
clinical behaviour than MALT lymphomas arising at other
extranodal sites. The well-defined group of PCFCCL was
approached in a rather traditional, i.e. histological way.
PCFCCL with a (partially) follicular growth pattern
were categorized as cutaneous follicle center lymphoma,
a variant of follicular lymphoma (FL), whereas cases
with a diffuse infiltrate of large follicle center cells were
classified as a diffuse large B-cell lymphoma (DLBCL)
(see Table 1).

In recent years the differences in terminology and
definition of the three main types of CBCL between the
EORTC and WHO classification schemes have resulted
in confusion and ongoing debate. These controversies
formed the starting point of the studies presented in this
thesis and will be discussed in more detail in the next
paragraph.

4. Current controversies, aims and outline of the
thesis

4.1. The terminology and differential diagnosis of
PCFCCL

In retrospect, the most important source of confusion
and debate has probably been the introduction of the
term ‘primary cutaneous follicle center cell lymphoma’,
which resembles the term follicular lymphoma (FL),
but is defined in a different way. The term FL denotes a
neoplasm of follicle center B-cells (centrocytes/cleaved
follicle center cells and centroblasts/noncleaved follicle
center cells), which has at least a partially follicular growth
pattern.> FL is graded by the proportion of centroblasts.
Histological grading of FL is currently assessed by a 3-
grade system (grade 1-3), based on the absolute number of
centroblasts present in ten neoplastic follicles, expressed
per 40x high-power microscopic field. This histological
grade correlates with prognosis in FL, with grades 1 and
2 showing an indolent clinical course, and grade 3 being
more aggressive and typically treated with multiagent
chemotherapy. FL was one of the first lymphomas in which
a recurrent chromosomal translocation was identified. In
the early eighties the characteristic t(14;18) resulting in
overexpression of the anti-apoptotic Bcl-2 protein was
recognized and appeared present in 80% of the cases.>?!

21

In contrast, the term PCFCCL was introduced in 1987
as an encompassing term for cutaneous lymphomas
composed of cells with the morphology of follicle center
cells (centroblasts and centrocytes).™® In contrast with
the follicular growth pattern observed in FL, it was
recognized that PCFCCL showed in most cases a diffuse
growing infiltrate, whereas a (partially) follicular growth
pattern was only observed in a minority of cases.’>*%
More important, no difference in clinical behaviour and
prognosis was found between cases classified as either
CB/CC or CB. Both showed an indolent clinical behaviour
and were amenable to local therapy. Since histological
grading had no clinical significance, the encompassing
term PCFCCL was preferred.

However, because of the rarity of the disease,
hematopathologists were in general not familiar with this
definition and did not recognize the large cleaved cells in
PCFCCL with a diffuse growth pattern as follicle center
cells. Moreover, the germinal center cell origin of these
lymphomas was questioned when it appeared that most
PCFCCL do not express Bcl-2 protein and do not contain
the t(14;18), both characteristic of FL.>%*"% Some authors
even suggested that most, if not all PCFCCL, were derived
from marginal zone B-cells.”

Recently, new markers allowing differentiation between
follicle center cells and marginal zone B-cells have become
available. To elucidate the relationship of PCFCCL with
both FL and PCMZL, in chapter 2 well defined groups of
PCFCCL, PCMZL, PCLBCL-leg, secondary cutaneous
FL and pseudo B-cell lymphomas were investigated for
expression of the anti-apoptotic protein Bcl-2 and the
germinal center markers Bcl-6 and CD10. The aim of this
study was to better define the neoplastic cells of PCFCCL,
and to find out whether differences in expression of these
markers might be helpful in the differential diagnosis of
B-cell lymphoproliferative disorders.

4.2 Clinical and genetic characterization of PCMZL

The results from the study presented in chapter 2 have led
to a better definition of the group of PCMZL. Based on
this new definition, clinical and therapeutic characteristics
of 50 PCMZL cases included in the registry of the Dutch
Cutaneous Lymphoma Working Group were evaluated.
The aim of the study was to further characterize the
clinical features and outcome and, in particular, to evaluate
the currently used therapeutic approach. The results are
presented in chapter 3.

Recently, the presence of a number of recurring
structural and numerical chromosomal aberrations has
been reported in MALT lymphomas of different sites of
origin, including two cases involving the skin.’”*° Because
the incidence of these genetic alterations is unknown in
PCMZL, the presence of chromosomal translocations



BOX 1 An overview of the molecular techniques used in studies included in this thesis.

Array-based comparative genomic hybridization (array-CGH) is a method used to detect copy number aberrations (gains and
losses) of specific chromosomal regions on a genome-wide scale. It makes use of microarrays consisting of multiple well-defined
genomic clones such as BAC (bacterial artificial chromosomes), PAC, cosmid clones or oligonucleotides. Genomic DNA isolated
from tumor tissue and from a reference sample are competitively hybridized to probes on the microarrays. Since these clones
or oligonucleotides are complementary to annotated genomic sequences, specific alterations of genes mapped within regions
involved in the detected copy number aberrations can be identified.

Fluorescent in situ hybridization (FISH) is a technology that utilizes fluorescently labeled DNA probes to detect structural
and numerical chromosomal abnormalities. A fluorescently labeled probe is hybridized to denatured sample DNA (metaphase
chromosomes or interphase nuclei), upon which the probe signal can be detected by fluorescence microscopy.

Oligonucleotide microarray analysis is a technique to investigate expression levels of thousands of genes simultaneously at the
mRNA level. The microarray used in these experiments consists of oligonucleotide (20~80-mer oligos) probes synthesized either
in situ (on-chip) or by conventional synthesis followed by on-chip immobilization. From isolated sample RNA complementary
DNA (cDNA) is synthesized followed by transcription to antisense RNA. Fragmented biotin-labeled antisense RNA is then
hybridized to the array and the expression values of the complementary sequences can be determined by specific software
programmes quantifying fluorescence signals.

Quantitative real-time polymerase chain reaction (QPCR) is a technique applied for sensitive measurement of mRNA levels
of genes of interest. From isolated sample RNA ¢cDNA is prepared, followed by amplification of a specific cDNA in a polymerase
chain reaction (PCR) using short oligonucleotide primers. During the multiple cycles of the PCR reaction fluorescence produced
by a fluorescent label that is incorporated in the newly formed PCR product is measured simultaneously. Initial cDNA quantity
is inferred from the number of PCR cycles required to synthesize a certain measurable amount of the fluorescently labeled PCR

product of interest.

t(11;18)(q21:921), t(1;14)(p22;q32), two different
t(14;18)(q32;q21) involving either IGH and MALTI1
genes or IGH and BCL2 genes and numerical aberrations
of chromosomes 3,7,12 and 18 were investigated in a
group of 12 well-defined PCMZL cases by fluorescent in
situ hybridization (FISH, see Box 1). The results of this
study are presented in chapter 4.

4.3 Differentiation between PCFCCL with a diffuse
growth pattern and PCLBCL-leg

In the EORTC classification PCFCCL, irrespective
of growth pattern (follicular, follicular and diffuse, or
diffuse) or number of blast cells, is considered as an
indolent type of CBCL, which should be treated primarily
with radiotherapy. PCLBCL-leg has a more aggressive
clinical behaviour and therefore systemic chemotherapy
is the treatment of first choice. In the WHO classification
both PCFCCL with a diffuse infiltration of large follicle
center cells and PCLBCL-leg are classified as a diffuse
large B-cell lymphoma, and consequently treated with
systemic chemotherapy. In the last decade several studies
addressed the question whether these two groups of
primary cutaneous large B-cell lymphoma should be
considered separately and whether distinction should be
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made primarily on the basis of site of presentation.””

In a large multicenter study, the clinical and histological
features of 145 cases of primary cutaneous large B-cell
lymphoma, including 97 PCFCCL and 48 PCLBCL-
leg, were evaluated to identify prognostic factors in
this group.” Multivariate analysis revealed the round
cell morphology and location on the leg as independent
adverse prognostic factors. Additionally, the presence of
multiple skin lesions at diagnosis was associated with a
poor prognosis only in the group of PCLBCL-leg, but
not in the group of PCFCCL. In another study, Goodlad
et al identified location on the leg as the most significant
factor in predicting adverse prognosis in 30 patients with
primary cutaneous large B-cell lymphoma.”” Some other
studies analyzing prognostic factors in these lymphomas
did not demonstrate significant differences in survival,
but this is probably due to the small number of cases
investigated.”s””

An important immunophenotypical difference between
PCFCCL and PCLBCL-leg is the strong Bcl-2 expression
in the latter, whereas PCFCCL are generally Bcl-2
negative.® The Bcl-2 overexpression in PCLBCL-leg is
not related to the t(14;18) like in FL and in some DLBCL,
but might in some cases result from chromosomal
amplification of the BCL2 gene.”’" In a study of 80



primary cutaneous large B-cell lymphoma, including both
PCFCCL, diffuse large cell, and PCLBCL-leg, Grange
et al detected Bcl-2 protein expression in 39 out of 80
cases and suggested that Bcl-2 protein expression has
prognostic significance in these lymphomas.”

Recent studies have started to evaluate the genetic
mechanisms involved in the development and progression
of primary cutaneous large B-cell lymphoma. Cytogenetic
analysis have revealed that the occurrence of chromosomal
aberrations is more common in PCLBCL-leg (85% of the
cases), than in PCFCCL (30% of the cases).”' The most
frequently detected genetic alterations in PCLBCL-leg
were loss of 6q and gain of 18q. Inactivation of P15
and P16 tumor suppressor genes was detected by Child
et al in 11% and 44% of primary cutaneous large B-
cell lymphoma cases.”” However, the number of studies
published to date is limited and specific genetic alterations
have not been identified yet. For that reason, we performed
microarray analysis to investigate the gene expression
profiles of 8 cases of PCFCCL and 13 cases of PCLBCL-
leg. Microarray analysis enables to assess the expression
values of many genes simultaneously at messenger RNA
level (oligonucleotide microarray, see Box 1). The general
aim of this study was to find out if these two types of
primary cutaneous large B-cell lymphoma have different
gene expression profiles, which might provide insight
in the molecular pathogenesis of these lymphomas and
possibly lead to the identification of novel diagnostic or
prognostic markers. The results of the microarray study
are presented in chapter 5.

As already mentioned, a round cell morphology and
the presence of multiple skin lesions at diagnosis were
identified as adverse prognostic factors in the group of
PCLBCL-leg. Bcl-2 is not a prognostic factor within
this group, since both cases with a good prognosis and
cases with a poor prognosis strongly express Bcl-2
protein.’® Chromosomal alterations that determine clinical
outcome in this group are still unknown. To further define
chromosomal aberrations in PCFCCL and PCLBCL-leg,
but particulary to find differences between PCLBCL-
leg with a favorable and unfavorable prognosis, a large
group of primary cutaneous large B-cell lymphomas
including 19 cases of PCFCCL and 12 cases of PCLBCL-
leg, was investigated by array-based comparative
genomic hybridization (array-based CGH, see Box 1).
The PCLBCL-leg cases consisted of 7 cases in which
the patients died of lymphoma and 5 cases in which the
patients were alive. In chapter 6 the results of this study
are described.

The results of chapter 2 and chapter 5 revealed the
role of B-cell transcription factors in the differentiation
between different CBCL subtypes and additionally
suggested pathogenetic significance. For this reason, the
immunohistochemical expression of an extended panel of
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B-cell transcription factors, expressed during the whole
spectrum of B-cell differentiation, was studied in the
three types of CBCL and compared with physiological
expression patterns in tonsils and pseudo B-cell
lymphomas. The following markers were investigated:
Pax-5, PU.1, Oct-2, BOB.1, Bcl-6, Mum1/IRF4, Blimp-1
and FOXP1. The aim of the study was (1) to compare the
expression patterns in CBCL with 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
is of additional use in the differential diagnosis of these
lymphomas. In chapter 7 the results of this study are
presented.

Finally, the results of the studies presented in this thesis
are summarized and discussed in chapter 8.
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