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Chapter 1 

1. Introduction 
In the human immune system three distinct compartments can be recognized. The 

primary lymphoid organs, bone marrow and thymus, produce naive lymphocytes which 
disseminate through the body to search for their cognate antigen. In the secondary lymphoid 
organs (lymph nodes and spleen) the anatomy is optimal for efficient lymphocyte-antigen 
interaction. After antigen-specific lymphocyte activation, the effector and memory cells migrate 
to the extralymphoid or tertiary lymphoid organs to be functionally active [1,2]. 

The functioning of the immune system depends on the pool of lymphocytes travelling 
between the different lymphoid compartments. These lymphocytes can be divided into two 
groups based on activation stage. The naive, non-activated lymphocytes leaving the bone marrow 
and thymus, freely move from the bloodstream through the secondary lymphoid organs and back 
to the blood. This process of lymphocyte recirculation comprises binding of lymphocytes to the 
specialized vascular endothelium of high endothelial venules (HEV), extravasation, migration 
through the lymphoid tissue and, via the efferent lymph vessels back to the systemic circulation 
[1-4]. After antigen-specific stimulation in the secondary lymphoid organs, the activated 
lymphocytes alter their recirculation pattern. These activated, effector or memory cells no longer 
freely move through the secondary lymphoid organs but migrate specifically to the sites that 
mimiek those where they originally were activated. 

The recirculation patterns of naive and effector or memory cells depend on the presence 
of adhesion molecules on the surface of lymphocytes called homing receptors. Binding of these 
adhesion molecules to tissue specific counterparts on the vascular endothelium (addressins) is 
essential in the first step of lymphocyte recirculation. After antigen stimulation of a naive 
lymphocyte, altered expression of adhesion molecules restricts recirculation of the resultant 
effector or memory cell to the site and related organs of initial antigen presentation [1,2,5]. 

The adhesion molecules involved in lymphocyte interaction with endothelium belong to 
4 families: the selectins, the immunoglobulin super family, the integrins and CD44 (fig.l). 

2. Adhesion molecules 
2.1 Selectins 

The selectin family, comprising L-selectin(CD62L), E-selectin (CD62E) and P-selectin 
(CD62P), is involved in leukocyte-endothelium interaction. These molecules are characterized 
by an N-terminal lectin domain, an epidermal growth factor domain, a variable number of 
tandem consensus repeats similar to domains of complement-bindingproteins, a transmembrane 
segment and a short cytoplasmic domain [6-10]. The N-terminal lectin domain is, in the presence 
of calcium ions, the binding site of these molecules with their carbohydrate ligands [10]. 

L-selectin, which is also known as peripheral lymph node homing receptor, is only 
present on leukocytes. It is expressed on all neutrophils, monocytes and on essentially all 
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Figure 1. Adhesion molecules involved in lymphocyte homing. 

virgin/naive T and B lymphocytes. On CD4+ memory T cells expression of L-selectin is 
restricted to a subset with homing properties to the peripheral lymph nodes [11]. In mice, 
functional inactivation of L-selectin by gene targeting results in diminished lymphocyte binding 
capacity to HEV, and a reduction in the number of lymphocytes localized to peripheral lymph 
nodes [12]. Cytokines can modulate the expression of L-selectin, but only interferon-a increases 
the synthesis [13]. After activation L-selectin is rapidly shed from the surface of leukocytes as 
a mechanism of downregulating its function [14]. 

Expression of E-selectin is limited to endothelium. Inflammatory stimuli, such as 
interleukin-1 and tumor necrosis factor-a upregulate E-selectin within a few hours. It is 
postulated that E-selectin functions as a skin-selective endothelial addressin that preferentially 
binds skin-homing lymphocytes [15]. However, in case of inflammation, expression of E-selectin 
is not restricted to the skin [6]. 

P-selectin is stored preformed in small cytoplasmic granules and is only expressed on 
platelets and endothelium [10,16]. Activation stimuli, i.e. thrombin, histamine, activators of 
protein kinase C and complement fragments, mediate rapid expression of P-selectin at the cell 
surface as a result of fusion of the cytoplasmic granules with the plasma membrane. 

2.2 Immunoglobulin family 
The molecules of the immunoglobin family share the presence of one or more 
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immunoglobulin domains composed of 90-100 amino acids arranged in a loop that is stabilized 

by a disulphidebond. Members of this family, ICAM-1, ICAM-2, VCAM-1 and MAdCAM-1, 

are expressed on endothelium and are involved in lymphocyte adhesion and extravasation. 

The intercellular adhesion molecule-1 (ICAM-1), the counter receptor of the integrins 

LFA-1 and Mac-1, mediates stable adhesion of lymphocytes to endothelium in the process of 

leukocyte extravasation [1,17-19]. LFA-1/ICAM-1 interaction has been implicated in T-

lymphocyte mediated killing and T cell interaction with antigen presenting cells [20,21]. ICAM-

2 is constitutively expressed on endothelium and lymphocytes and can also bind to LFA-1 [22], 

VCAM-1 is the ligand for the integrin a4ß, [23,24]. In vivo VCAM-1 is expressed on 

endothelium at very low levels. However, cytokine activation can induce high expression of 

VCAM-1 [25]. a4ßi/VCAM-l interaction is important in adhesion of lymphocytes to cytokine 

activated endothelium [26]. 

MAdCAM-1 is a member of the immunoglobulin family with expression on high 

endothelium in Peyer's patches and mesenterial lymph nodes and on flat-walled vessels in the 

lamina propria of the gut [27,28]. The main receptor for MAdCAM-1 is the integrin a4ß7, an 

adhesion molecule on lymphocytes involved in selective homing to mucosal sites [29-31 ]. Other 

leukocyte surface molecules, such as L-selectin and a4ß,, can also mediate initial binding to 

MAdCAM-1 in the process of leukocyte-endothelium interaction [32-35]. In the spleen, 

MAdCAM-1 is expressed on sinus-lining cells closest to the lymphoid white pulp, but so far no 

functional role has been demonstrated [36]. 

2.3 Integrins 

Integrins are heterodimeric transmembrane glycoproteins composed of noncovalently 

associated a and ß chains [23,37]. Most integrins are expressed on a wide variety of cells, and 

most cells express several integrins. According to their ß chain, the integrins have been divided 

into different subfamilies. In leukocyte-endothelium interactions the ß1; ß2 and ß7 integrins are 

important. 

The ß, integrins, synonymous with 'very late activation' antigens (VLA), can form a 

heterodimer with 8 different a chains (VLA-1 - VLA-8). They are expressed in a range of 

different cell types and are predominantly involved in cell binding to the extracellulair matrix 

molecules collagen, fibronectin and laminin [23,37,38]. The specificity of the binding is 

determined by the a chain. On peripheral blood T and B lymphocytes a4ß, (VLA-4) is the most 

abundant ß, integrin and is upregulated after activation. It is not only involved in cell-matrix but 

also in cell-cell interactions [39,40]. Besides binding to the CS-1 domain of fibronectin, it can 

bind to the vascular-cell adhesion molecule-1 (VCAM-1), expressed on activated endothelium. 

a4ß, is an important molecule in the process of lymphocyte migration to inflammatory sites [41-

43]. Furthermore, it can mediate cell-cell interactions in a homotypic manner via the a4 chain 
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[44]. 
The family of ß2 integrins consists of LFA-1, Mac-1, p 150,95 and the recently described 

aDß2, which are expressed on lymphoid and myeloid cells [37,45]. The ß2 integrins are involved 
in the regulation of cell-cell interactions. LFA-1 is expressed on nearly all lymphocytes and is 
one of the most important integrins of the immune system[46]. LFA-1 mediates lymphocyte 
adhesion to activated endothelium and HEV [19,37,47,48], binding to antigen presenting cells 
[49,50], follicular dendritic cells [51] and epithelium [52]. Particularly after lymphocyte 
activation, LFA-1 can bind to the endothelial intercellular adhesion molecules ICAM-1 and 
ICAM-2, creating a stable lymphocyte-endothelialinteraction [1,17,21,22,34,53]. Lymphocytes 
express only low levels of Mac-1 and pi 50,95 and it is likely that these ß2 integrins do not play 
a major role in lymphocyte-endothelial interaction. Although expressed at low levels on other 
leukocytes, aDß2 is mainly involved in macrophage functions [54]. 

At present the ß7-integrin subfamily consist of two members: a4ß7 and aEß7. a4ß7 is 
present at low levels on all naive peripheral blood lymphocytes and on a subset of memory T 
cells with gut tropism [55,56]. It is involved in lymphocyte migration to the intestinal mucosa 
by binding to mucosal vascular addressin (MAdCAM-1 ), an addressin selectively expressed on 
mucosal endothelium [28,29,57,58]. The integrin aEß7 is present on all intra-epithelial 
lymphocytes in the gut, and on approximately 50% of the T-lymphocytes in the lamina propria. 
Via binding to E-cadherin on epithelial cells, <xEß7 can mediate lymphocyte positioning in the 
epithelium [59,60]. 

2.4 CD44 
CD44 is a family of transmembrane glycoproteins, encoded by a single gene on 

chromosome 11 q 13. (fig.2) [61]. Members of the CD44 family have been implicated in a number 
of important physiological and pathological processes, including lymphocyte functioning, 
hematopoiesis, tumor progression and metastasis [62-73]. The CD44 gene consists of 19 exons; 
as the result of alternative RNA-splicing of at least 10 exons, by which additional domains can 
be inserted in the extracellular part of the molecule, a large number of CD44 isoforms can be 
generated [74]. Furthermore, CD44 can posttranslationally be modified by N&O linked sugars 
and glycosaminoglycan side chains [71]. 

On lymphocytes and hematopoietic cells the 85-95 kD 'standard' or 'hematopoietic' 
isoform of CD44 is widely expressed, while larger isoforms are present on activated 
lymphocytes and malignant lymphomas [61,70,71,75-78]. Expression of CD44 on lymphocytes 
is important in lymphopoiesis, lymphocyte activation, trafficking and homing [62,66,79-83]. In 
the process of lymphocyte-endotheliuminteraction, CD44 can bind to high endothelial venules, 
mediates rolling on post-capillair venules, and migration of lymphocytes to inflammatory sites 
[71,82,84-88]. Most of these functions involve interaction of CD44 with hyaluronic acid. 
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Figure 2. Schematical representation of the CD44 gene and its encoded proteins. The extracellular domain and 
cytoplasmic tail of CD44 isoforms vary in size as the result of alternative splicing. The alternatively spliced exons 
are indicated by open boxes. The human vl exon contains a stop codon. In the model of the protein, all putative 
glycosylation sites are indicated: O-glycosylation (open circles); N-glycosylation (closed circles); chondroitin 
sulfate (open squares); heparan sulfate (rod). As indicated, the heparan sulfate binding site in exon v3 has the ability 
to bind growth factors. In addition, the HA-binding sites (double line); the disulfide bonds (S-S); the ankyrin 
binding site ( ); the Ezrin binding site (—-); the phosphorylation sites (P); and the putative interaction sites for 
SRC-family kinases, are indicated. 
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Recently, CD44 splice variants decorated with heparan sulfate side chains have been shown to 
bind and present chemokines and growth factors [89-91]. 

3. Regulation of lymphocyte homing 
Lymphocyte-endothelium interactions leading to stable adhesion and diapedesis, involve 

a number of sequential adhesive interactions. Besides adhesion per se, these interactions are also 
important in regulating other cell functions e.g. cell growth, and cell survival [92,93]. Selective 
expression and regulation of adhesion molecules on lymphocytes and endothelium forms the 
basis for tissue-specific lymphocyte homing. 

The interaction of lymphocytes with endothelium is a multistep process [ 1,19,34,94]. The 
first step is a loose "tethering" engagement between the lymphocyte and the endothelium, leading 
to a characteristic rolling movement over the vascular endothelium of the post-capillary venule. 
In this step the long molecules of the selectin family localized on the tips of the cell membrane's 
microvilli are involved [95,96]. However, other molecules such as the integrins ß„ ß7 and CD44 
can also mediate lymphocyte rolling [34,86,87,97,98]. This rolling movement is transient if it 
is not followed by activationof adhesion molecules of the integrin family. These molecules, i.e. 
a4ß,, LFA-1 and a4ßy, mediate stable adhesion and the possibility for diapedesis. Extremely rapid 
integrin activation is regulated by chemokines which can be presented to lymphocytes by binding 
to proteoglycans on the endothelium [99-104]. 

Expression of adhesion molecules on lymphocytes is influenced by antigen and/or 
chemokine mediated activation signals. Initial lymphocyte-antigen interaction will alter the cell 
surface profile drastically, resulting in a set of adhesion molecules involved in tissue specific 
homing to the sites of primary antigenic stimulation. The ligands for these lymphocyte 'homing' 
receptors are site-specific endothelial surface molecules ('vascular addressins') crucial in tissue 
specific recirculation of lymphocytes. Combinations of lymphocyte adhesion molecules and 
vascular addressins involved in tissue-specific homing are: a4ß7/MAdCAM-l for MALT; 
cutaneous lymphocyte antigen (CLA) /E-selectin for skin and L-selectin/ PNAd for peripheral 
lymph node. Binding of aEß7 to E-cadherin expressed on epithelial cells, is important in 
positioning of lymphocytes in epithelium. 

4. Non-Hodgkin's lymphomas 
Malignant lymphomas form a diverse group of tumors, heterogeneous in clinical 

behaviour and morphologic appearance. Based on the morphology of Reed-Sternberg cells in an 
appropriate environmentofreactiveleukocytes,Hodgkin'sdisease is distinctive within this broad 
group of neoplasms. All other forms of the malignant lymphomas constitute the non-Hodgkin's 
lymphomas (NHL). 

In 1995 in the USA 22700 people died from NHL, which represent 4% of all cancer 
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deaths [105]. NHL incidence rates increase exponentially with age: 8.5 annual cases per 100 000 
under 65 years of age versus 68.8 per 100 000 in persons 65 and over. There is a male 
predominance, which is more outspoken in younger than older patients. Compared to other 
neoplasms, the incidence of NHL has increased rapidly over the last decades. In the USA, in the 
period between 1947-1988 the annual NHL incidence increased with 150% [105]. 

The etiology of NHLs is mostly unknown. However, two viruses, Epstein-Barr virus 
(EBV) and human T cell leukemia/lymphomavirus (HTLV-1) are etiologically associated with 
respectively, endemic Burkitt's lymphoma in central equatorial Africa and T cell 
leukemia/lymphoma in areas of Japan. The risk of NHL is greatly increased in patients with a 
congenital or acquired immunodeficiency. Particularly in patients with AIDS or in transplant 
recipients treated with immunosuppressiva,there is an increased risk for aggressive B-cell NHLs. 
In approximately 40% of AIDS-related lymphomas EBV DNA can be detected, however the 
precise role of EBV in the malignant transformation of these lymphomas is not understood. For 
a number of occupational and environmental factors (i.e. herbicide, hair dyes and benzene) a role 
in the pathogenesis of NHL has been suggested, however, at the moment no unequivocal 
evidence is present. 

At present a number of genetic changes, important in the formation of non-Hodgkin's 
lymphomas have been identified. For B-cell NHLs, the most frequent alterations are 
chromosomal translocations involving the immunoglobulin heavy (chr. 14) or light chain gene 
loci (lambda, chr. 22; kappa, chr. 2) and oncogenes encoding proteins involved in cell 
proliferation (c-myc) and differentiation(bcl-6), cell cycle control (cyclinDl/bcl-1) or apoptosis 
inhibition (bcl-2) [106-109]. In approximately one third of the anaplastic large-cell NHLs the 
t(2,5)(p23;q35) has been observed [110]. This translocation results in the fusion of the amino 
terminus of the nucleophosmin gene on chromosome 5 with the anaplastic lymphoma kinase 
(ALK) gene on chromosome 2 [111]. Rearrangements involving the T-cell a and ô receptor gene 
loci, localized on 14q 11, are often observed in T-cell NHLs. The most common of these are the 
reciprocal translocations t(l 1;14) and t(8;14) [112,113]. 

The development of lymphocytes from precursor cell to effector cell, is characterized by 
phenotypical changes. Since maturation arrest and clonal expansion are important in the 
formation of non-Hodgkin' s lymphomas, the phenotype of the tumor cells is reminiscent to that 
of their normal counterparts. Small lymphocytic lymphomas/ chronic lymphocytic leukemia 
(CLL) and mantle cell lymphomas are thought to be derived from 'naive' pre-germinal center 
B-cells. By contrast, follicle center lymphomas, diffuse large B-cell lymphomas, Burkitt's 
lymphomas and the myelomas are related to stages of antigen driven B-cell development. These 
lymphomas are related to germinal center and post-germinal center cells, or in the case of 
myelomas to plasma cells [114,115]. 

In 1966 Rappaport proposed a classificationof NHLs based on morphology [116]. In this 
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system, growth pattern (nodular or diffuse) and the shape of the tumor cells (lymphocytic or 
histiocytic) were used to predict the clinical grade of malignancy. Although applied for many 
years in clinicopathological investigations, it became clear that the classification of NHLs had 
to be improved. Based on the physiology of lymphocyte development, new classifications were 
proposed, i.e. the Kiel classification and the Lukes-Collins classification [117,118]. However, 
none of them gained worldwide acceptance and in a study of the National Cancer Institute in the 
US, none of them proved to be superior in reproducibility and predictive value for disease 
outcome [119]. This led to the so called Working Formulation for clinical usage, which divides 
malignant lymphomas into a low, intermediate and high grade of malignancy based on strictly 
morphological criteria. 

In an attempt to categorize NHL in well described subgroups relevant for treatment and 
research, recently, the Revised European-American Lymphoma (REAL) classification was 
proposed. This classification is not only based on morphology but also on modern insights in the 
tumorbiology of lymphomas [114]. Since in the REAL classification the reproducibility of 
criteria for categorization is emphasized, it is accepted that some subgroups of NHL comprise 
a diverse group of neoplasms. For instance the diffuse large B-cell lymphomas (DLCL) are 
heterogeneous in genetic background, morphology and treatment response, but form a single 
entity since criteria for a clinically relevant subdivision are currently lacking [115,120-123]. 
New, prognostic markers (morphologically, functionally or genetically) are needed to solve this 
problem in the diagnosis of NHL. 

5. Lymphoma dissemination 
Dissemination of malignant lymphomas depends on the type of NHL and the site of 

origin. While B-cell chronic lymphocytic leukemia/small lymphocytic lymphomas are 
extensively disseminated in the early phase of the disease, diffuse large B-cell lymphomas 
remain often localized initially and tend to disseminate primarily to adjacent lymph nodes. The 
extranodal lymphomas, low grade B-cell lymphoma of MALT and mycosis fungoides, show 
often at diagnosis dissemination limited to mucosal sites and skin, respectively. These 
observations indicate that NHLs follow, in part, the lymphocyte migration pathways of their 
presumptive non-neoplastic counterparts. Since adhesion molecules are important in the 
physiology of lymphocyte migration and recirculation, these molecules may also be involved in 
lymphoma dissemination. Expression of adhesion molecules might hence characterize specific 
subgroups of NHLs, and might be a marker for dissemination propensity. 

6. Outline of this study 
In the process of normal lymphocyte migration and recirculation,cell-adhesionmolecules 

are important in lymphocyte-endotheliuminteractions. Subsets of adhesion molecules expressed 
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on lymphocytes ('homing receptors'), are involved in tissue-specificmigration, by binding to site 

specific endothelial ligands (addressins). Since the dissemination patterns of malignant 

lymphomas, at least partly, resemble the normal lymphocyte migration pathways, adhesion 

molecules may also be involved in the spread of NHLs. In this study the role of adhesion 

molecules in the dissemination of non-Hodgkin's lymphomas was investigated. 

Malignant lymphomatouspolyposis (MLP) is a malignant lymphoma of mantle cell type, 

located in the gastro-intestinal tract, with the endoscopic picture of multiple polyps. This 

multifocal distribution throughout the intestinal tract suggest a role for tissue-specific homing 

mechanisms in the dissemination. In chapter 2 the expression of adhesion molecules in MLP is 

compared to that in nodal mantle cell lymphomas. 

The role of a4ß7 in lymphoma dissemination was further investigated in chapter 3. In a 

large panel of B- and T-cell NHLs, a4ß7 expression was related to the primary site of origin of 

the lymphoma. Furthermore, expression of a4ß7 was investigated on normal lymphocytes from 

the tonsil, mucosa and peripheral blood. 

Pagetoid reticulosis or Woringer-Kolopp disease is a cutaneous T-cell lymphoma with 

a characteristic distribution of tumor cells within the epidermis. The selective dissemination to 

the skin, and the extreme epitheliotropism of the tumor cells suggest the involvement of a 

specific set of adhesion molecules in the pathogenesis of pagetoid reticulosis. In chapter 4 the 

expression of adhesion molecules in a case of pagetoid reticulosis is described. 

At the moment, NHLs are categorized according to the Revised European-American 

Lymphoma classification. In this classification diffuse large B-cell lymphomas form a diverse 

group of neoplasms, heterogeneous in genetic background and prognosis. The presence of 

adhesion molecules might be of value as a marker for predicting disease outcome, since these 

molecules play a role in tumor dissemination. In chapter 5 and 6 the value of the cell adhesion 

molecule CD44 in predicting disease outcome in diffuse large B-cell lymphomas was 

investigated in a multi-center study material. 

Chapter 7 comprises a review on the role of adhesion molecules in the dissemination of 

non-Hodgkin's lymphomas. 
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