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Kyllönen, Heli, Gelatinases, their tissue inhibitors and p53 in lymphomas
Faculty of Medicine, Institute of Clinical Medicine, Department of Oncology and Radiotherapy,
University of Oulu, P.O.Box 5000,  FI-90014 University of Oulu, Finland 
Acta Univ. Oul. D 1017, 2009
Oulu, Finland

Abstract
Lymphomas are a heterogeneous group of malignancies, which usually have a good prognosis and
high cure rates. Lymphomas are sensitive to chemotherapy and radiotherapy, and many patients
can be cured even after a relapse, resulting in a need for effective follow-up. However, the cost-
benefit ratio of radiological imaging in predicting the forthcoming relapses is poor. Consequently,
there is a need for biological prognostic and predictive markers to distinguish patients at the
highest risk of relapse at the time of diagnosis or during follow-up. Despite rapid progress in
lymphoma treatments, some patients still die from lymphoma. Thus, more data on the basic
biological features of lymphomas are also needed.

Gelatinases (MMP-2 and MMP-9) and their tissue inhibitors (TIMP-1 and TIMP-2) have been
found to play a role in the progression of solid tumours. TP53 is a tumour suppressor gene, the
mutations and protein over-expression of which have been demonstrated to be associated with
survival in most cancer types. There is also some evidence that these proteins could have
prognostic significance in lymphomas as well. In the present study, the tissue expression, plasma
concentrations and clinical value of gelatinases and their tissue inhibitors were evaluated in
lymphomas. 249 primary tissue samples from patients with Hodgkin, follicular, or diffuse large
B-cell lymphoma were analysed for expression of gelatinases and/or their inhibitors using
immunohistochemistry. In follicular lymphoma, p53 protein expression was also investigated. The
plasma samples of 126 lymphoma patients and a control group of 44 healthy volunteers were
collected and studied by ELISA.

TIMP-1 expression correlated with bulky tumour and nodular sclerosis subtype of Hodgkin
lymphoma. In follicular lymphoma, p53 over-expression was an independent adverse prognostic
factor for survival and a predictor of histological transformation. Plasma MMP-2-TIMP-2
complex appeared to be a potential follow-up marker predicting the risk of relapse in lymphoma
patients. Plasma levels of the MMP-2-TIMP-2 complex, proMMP-2, TIMP-2 and proMMP-2/
TIMP-2 ratio were at abnormal levels both in patients with newly diagnosed lymphoma and those
in remission compared to healthy controls. The clinical significance of these markers needs further
studies.

Keywords: biological marker, enzyme-linked immunosorbent assay, immuno-
histochemistry, lymphoma, matrix metalloproteinase 2, matrix metalloproteinase 9,
prognosis, survival, tissue inhibitor of metalloproteinase-1, tissue inhibitor of
metalloproteinase-2, tumor suppressor protein p53
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HGF/SF hepatocyte growth factor/scatter factor 

HIV human immune deficiency virus 
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PFS progression-free survival 
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RNA ribonucleic acid 
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SLE systemic lupus erythematosus 

TGF transforming growth factor 

TIMP  tissue inhibitor of matrix metalloproteinases 

TNF tumour necrosis factor 

uPA urokinase plasminogen activator 

uPAR urokinase plasminogen activator receptor 

VEGF vascular endothelial growth factor 

WHO World Health Organization 
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1 Introduction 

Today, more than 1,000 patients are diagnosed with a lymphoma in Finland each 

year (Finnish Cancer Registry 2007), while at the end of the 1950s the 

corresponding number was only about 250 patients annually. The incidence of 

lymphomas is still growing, and in the future this group of malignancies will form 

a quantitatively remarkable subtype of malignant diseases. Ageing of the 

population explains only a small part of the increase, and the real reason for it is 

unknown. Lymphoma patients already form a significant group of cancer patients 

because of numerous possibilities of curative and palliative treatments. In many 

lymphoma subtypes, the prognosis is good and the treatment results are 

continuously improving due to new treatment modalities. However, some 

lymphoma patients still succumb to their disease and certain most aggressive 

subtypes of lymphoma are often beyond curative treatment. 

Lymphomas are sensitive to chemotherapy and radiotherapy, and significant 

responses are achieved even after short periods of treatment. Nevertheless, the 

treatments are toxic, causing a lot of short- and long-term side effects and also 

some treatment-related mortality. Traditionally, prognosis of lymphoma patients 

has been predicted by using different clinical indices, in which stage, number of 

affected nodal areas, patient characteristics and blood chemistry parameters have 

been taken into account. These scoring systems retain predictive capacity, but 

their ability to distinguish patients with different risks of relapse within the same 

prognostic group and to detect the patients with a very poor outcome is limited. 

Better tools are needed to identify the patients at the highest risk of relapse to be 

treated more intensively and to be kept in follow-up for a long time, while low-

risk patients could be treated and followed up with lower intensity to decrease 

both side effects and costs.  

Matrix metalloproteinases (MMPs) are a large family of zinc-dependent 

enzymes capable of proteolytic degradation of most extracellular matrix (ECM) 

components (Liotta & Stetler-Stevenson 1991). Two of the MMP enzymes form a 

subgroup of gelatinases, gelatinase A and gelatinase B (MMP-2 and MMP-9), 

which are able to degrade several ECM components, such as denatured collagen 

or gelatin, type IV and V collagens, and elastin (Birkedal-Hansen et al. 1993). 

Type IV collagen is an integral component of basement membranes, and 

enhanced expression of gelatinases is thus thought to play a critical role in the 

invasion through basement membranes and metastasis by malignant cells (Liotta 

1986). They are also involved in angiogenesis and growth of tumours (Egeblad & 
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Werb 2002). Gelatinases have been shown to have prognostic relevance in several 

solid tumours (Turpeenniemi-Hujanen 2005). 

Tissue inhibitors of the MMPs or TIMPs are four molecules capable of 

inhibiting the activities of all known MMPs, and as such they play a key role in 

maintaining the balance between ECM preservation and degradation (Fassina et 
al. 2000). Inhibitory activity of TIMP-1 is for the most part focused on MMP-9, 

while TIMP-2 mainly inhibits MMP-2. Paradoxically, TIMP-2 also plays an 

important role in the activation process of proMMP-2 to an active MMP-2 

enzyme (Shofunda et al. 1998). In addition to their inhibitory functions TIMP-1 

and TIMP-2 have other biological functions, which are not dependent on MMPs. 

TIMP-1 and TIMP-2 have turned out to be multifunctional proteins regulating 

cell proliferation, apoptosis, and angiogenesis of both normal and malignant cells 

and tissues. Hence, the role of TIMPs in tumorigenesis and tumour progression is 

contradictory. Both inhibitory and stimulatory effects have been demonstrated in 

many experimental models in which TIMPs were over-expressed in cancer cells 

or animal models (Jiang et al. 2002). Increased tissue expression of TIMP-1 and 

TIMP-2 has often been associated with unfavourable prognosis in many solid 

tumours (Zeng et al. 1995, Davidson et al. 1999). Besides, recently in many types 

of cancer high circulating levels of TIMP-1 have been shown to be a marker of 

adverse prognosis (Holten-Andersen et al. 2000, Ylisirniö et al. 2000, 

Talvensaari-Mattila & Turpeenniemi-Hujanen 2005a). 

TP53 is a tumour suppressor gene encoding the p53 protein that regulates the 

transcription of several genes and plays a key role in many cellular pathways 

controlling cell proliferation, cell survival and genomic integrity (Ko & Prives 

1996, Hainaut & Wiman 2007). TP53 has frequently been found to be mutated in 

almost every type of cancer (Hainaut & Hollstein 2000), and mutations of TP53 

appear to be of prognostic value in a variety of solid cancers (Hainaut & Wiman 

2007). TP53 mutations and p53 protein expression have also been demonstrated 

to have prognostic significance in lymphomas (Young et al. 2008, Jerkeman et al. 
2004). 

On a biological basis, haematological malignancies differ remarkably from 

solid tumours. However, gelatinases have also been indicated to have prognostic 

relevance in lymphomas (Kuittinen et al. 2002; 2003, Sakata et al. 2004). Data on 

the role of gelatinases and their tissue inhibitors in lymphomas are still scarce. 

There are even fewer studies concerning the clinical aspects and prognostic role 

of gelatinases or TIMPs in these diseases.  
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The aim of the present study was to investigate the expression and the clinical 

role of the gelatinases and their tissue inhibitors in some of the most common 

subtypes of lymphomas: Hodgkin lymphoma, follicular lymphoma and diffuse 

large B-cell lymphoma. Expression and clinical correlations of p53 protein in 

follicular lymphoma and those of factor VIII (angiogenesis-related biological 

marker) in Hodgkin lymphoma were also studied. Additionally, in diffuse large B-

cell lymphoma different correlations with the germinal centre (GC) phenotype 

and its prognostic value in patients treated with immunochemotherapy were 

investigated. The clinical significance and the prognostic role of plasma 

concentrations of gelatinases and their tissue inhibitors were also studied in a 

patient material containing patients with different subtypes of lymphoma. 
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2 Review of the literature 

2.1 Lymphomas 

Lymphomas are a large and heterogeneous group of malignant diseases of 

lymphoid tissue, consisting of 70 different subtypes recognized within the new 

World Health Organisation (WHO) IV lymphoma classification (Swerdlow et al. 
2008). Traditionally, lymphomas have been divided into two groups, Hodgkin 

lymphomas (HL) and non-Hodgkin lymphomas (NHL), although this simplified 

approach is not practical because of the wide heterogeneity of non-Hodgkin 

lymphomas. Different entities of lymphomas differ remarkably from each other in 

regard of pathophysiology, histopathological features, clinical disease 

presentation, treatment, and outcome. In addition, marked heterogeneity also 

exists even within the same histopathological entity. 

2.1.1 Epidemiology 

In Finland, 1,138 patients (603 men and 535 women) were diagnosed as having a 

lymphoma in 2005, comprising 4.3% of all cancer diagnoses. Out of these cases, 

129 patients were diagnosed with Hodgkin lymphoma and 1,009 with non-

Hodgkin lymphoma, with 388 of the cases primarily extranodal. In 2005, non-

Hodgkin lymphomas were the fifth most common type of cancer in men and the 

sixth most common cancer in women, comprising 3.8% of all new cases in both 

sexes. Generally, lymphomas are equally common in men and women. (Finnish 

Cancer Registry 2007) 

Non-Hodgkin lymphomas mainly affect elderly people, and the highest 

incidence occurs in the oldest age group (over 74 years). The age distribution of 

non-Hodgkin lymphoma patients is wide, from 0 to over 84 years; however, only 

3% of the patients are under 30 years of age. The age distribution of Hodgkin 

lymphoma has two peaks. The first is between 15–34 years and the second in 

more than 60 years of age. (Finnish Cancer Registry 2007) 

The incidence of lymphomas has been continuously growing in the Western 

countries. In Finland at the end of the 1950s, some 250 new lymphomas were 

diagnosed annually, while the corresponding number in the 2000s is more than 

1,000 cases (Finnish Cancer Registry 2007). Thus, the incidence of lymphomas 

has more than quadrupled in fifty years. Only a minor part of the increase can be 
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explained by ageing of the population; the real reason is unknown. Possibly, some 

factors connected with the Western lifestyle have contributed to the change, but 

only speculations about this have been presented. 

Hodgkin lymphoma represents some 15% of all lymphomas. Diffuse large B-

cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin 

lymphomas, accounting for approximately 40% of all newly diagnosed cases and 

more than 80% of aggressive lymphomas. Follicular lymphoma (FL) is the 

second most common subtype of NHL, representing approximately 70% of all 

indolent lymphomas and about 25% of all new cases of lymphomas. (Swerdlow et 
al. 2008) 

2.1.2. Aetiology 

The aetiology of lymphomas is largely unknown and there are thus no methods 

for prevention. Some viruses are thought to be aetiological factors. The Epstein-

Barr virus (EBV) has been linked to many B-cell, natural killer (NK)/T-cell and 

human immune deficiency virus (HIV)-related lymphoproliferative disorders, 

such as Hodgkin lymphoma and Burkitt’s lymphoma (Sherif et al. 2007). 

Ribonucleic acid (RNA) or membrane protein of EBV has been found in Reed-

Sternberg cells of Hodgkin lymphoma (Jarrett 2002). Human T-lymphotrophic 

virus type-1 (HTLV-1) causes adult T-cell lymphoma/leukaemia in Japan and the 

Caribbean (Takatsuki 1995). Hepatitis C virus (HCV) antibodies are more 

common in lymphoma patients than in reference population (Zignego et al. 2007). 

Some bacteria have been found to be in a causal relationship with lymphomas. 

Helicobacter pylori is known to cause gastric mucosa-associated lymphoid tissue 

(MALT) lymphoma (Bouzourene et al. 1998) and Chlamydia psittaci causes 

ocular adnexal MALT lymphoma (Husain et al. 2007). Borrelia burgdorferi 
possibly causes skin B-cell lymphoma (Cerroni et al. 1997).  

Immune deficiency is one of the best characterised and strongest known risk 

factors for NHLs. The incidence of NHLs in people with congenital or acquired 

immune deficiency, such as HIV infection, is 50 or more times higher than in the 

general population (Beral et al. 1991, Filipovich et al. 1992). The 

primary/congenital immune deficiencies constitute a heterogeneous group of 

disorders with a variable degree of deficiency in B-cell and/or T-cell function. 

NHLs are the most common type of cancer in these patients (Filipovich et al. 
1992). Recipients of organ transplants receive a range of immunosuppressive 
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agents, and relative risk of NHL after transplantation is 10 to 50 or even higher 

(Opelz & Dohler 2003). 

Many autoimmune disorders have increasingly been recognised as risk 

factors for NHLs. Sjögren’s syndrome is found to associate with a 6.5-fold 

increased risk of NHL, a 1000-fold increased risk of parotid gland MALT 

lymphoma, as well as an increased risk of DLBCL and follicular lymphoma 

(Smedby et al. 2008). Systemic lupus erythematosus (SLE) is associated with a 

2.7-fold increased risk of NHL, DLBCL and MALT lymphoma. Haemolytic 

anaemia is also associated with DLBCL. (Smedby et al. 2008) Patients with 

coeliac disease are at increased risk of being diagnosed with T-cell NHL (Smedby 

et al. 2008), especially enteropathy-associated T-cell lymphoma (Halfdanarson et 
al. 2007). Risk of T-cell NHL is also increased in patients with psoriasis and 

rheumatoid arthritis (Grulich et al. 2007). Hashimoto’s thyreoiditis predisposes to 

MALT lymphoma of inflamed parenchymal tissue (Thieblemont et al. 2002).  

2.1.3 Diagnosis, treatment and prognosis 

Hodgkin lymphoma 

Hodgkin lymphomas most often affect lymph nodes, mainly in the cervical region, 

and the majority of them are diagnosed in young adults. Hodgkin lymphomas 

account for approximately 10–15% of all lymphomas. Their absolute incidence 

has not changed markedly, whereas the incidence of non-Hodgkin lymphomas has 

shown a constant increase. (Swerdlow et al. 2008) 

Malignant tissues of HL contain a small number of scattered large malignant 

cells with one or more nuclei. The malignant cells are called Hodgkin, Reed-

Sternberg, lacunar or popcorn cells, depending on the histological subtype of HL. 

For clarity, they can be called Hodgkin-Reed-Sternberg (HRS) cells in all 

subtypes. The malignant cells are surrounded by a profuse heterogeneous mixture 

of benign inflammatory and accessory cells. The tumour cells are usually 

surrounded by T-lymphocytes in a rosette-like manner. The origin of the HRS cell 

is a lymphoid cell, predominantly a B-cell, and thus the term Hodgkin lymphoma 

is more recommended than Hodgkin’s disease. (Swerdlow et al. 2008) 

Hodgkin lymphomas are comprised of two entities: classical Hodgkin 

lymphoma (CHL) and nodular lymphocyte predominant Hodgkin lymphoma 

(NLPHL). These two entities differ in their clinical features and behaviour, and in 



 26 

their morphology, immunophenotype and immunoglobulin transcription of the 

malignant cells, as well as in the composition of their cellular background. CHL 

consists of four subtypes: nodular sclerosis, mixed cellularity, lymphocyte-rich 

and lymphocyte-depleted. These subtypes differ in their sites of involvement, 

clinical features, growth pattern, presence of fibrosis, composition of cellular 

background, number or degree of atypia of the tumour cells, and frequency of 

EBV infection. However, the immunophenotype of the tumour cells is similar in 

all four variants. The malignant cells of NLPHL are designated L&H cells 

(lymphocytic and/or histiocytic Reed-Sternberg cell variants). They are positive 

for CD20 and lack CD15 and CD30 in almost all cases, while HRS cells of 

classical HL are positive for CD30 and CD15 in nearly all cases, and CD20 is 

detectable in a minority of cases and only in a minority of the neoplastic cells. 

(Swerdlow et al. 2008) 

The diagnosis of Hodgkin lymphoma is based on the recognition of Reed-

Sternberg cells and/or Hodgkin cells in tissue sections from a lymph node or an 

extralymphatic organ. Treatment of HL is based on clinical, and occasionally on 

pathological staging of the disease. The modified Ann Arbor/Cotswolds staging 

system, which is used for most lymphoma subtypes, is presented in Table 1. 

Patients with stages IA, IB and IIA are regarded as having an early stage HL. 

Bulky tumour (> 10 cm), enlarged mediastinum (> 1/3 of the width of the normal 

mediastinum), at least three affected lymph node areas and erythrocyte 

sedimentation rate (ESR) > 50 are regarded as risk factors for early-stage patients 

in the ongoing Nordic HL treatment programme. B symptoms should be regarded 

as a risk factor for stage IB patients. According to the ongoing Nordic HL 

treatment programme, patients with stage IA and IIA supradiaphragmatic HL 

without risk factors should be treated with two cycles of ABVD followed by 

involved field radiotherapy (IFRT) of 30 Gy, and those with at least one risk 

factor should be treated with four cycles of ABVD followed by 30 Gy IFRT. 

Explanations for different chemotherapy combination abbreviations used in 

lymphoma treatments are presented in Table 2. Patients with stage IA inguinal HL 

without risk factors should also be treated with two cycles of ABVD with 30 Gy 

IFRT. For patients with infradiaphragmatic stage IIA HL, any early-stage 

infradiaphragmatic HL with risk factors or central or pelvic stage IA HL, 

recommended treatment is four cycles of ABVD with 30 Gy IFRT. The German 

Lymphoma Group has suggested that for patients with early-stage HL with risk 

factors a new treatment recommendation might be two cycles of dose-escalated 

BEACOPP followed by two cycles of ABVD with or without IFRT. In advanced-
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stage (IIB, III-IV) HL there are seven independent prognostic factors 

(International Prognostic Score, IPS) indicating decreased probability of freedom 

from progression (Table 3) (Hasenclever & Diehl 1998). For patients with 

advanced-stage HL and good prognosis (IPS < 3), recommended first-line 

treatment could be ABVD until two cycles past complete response (CR) 

(minimum 6, maximum 8 cycles) (Canellos et al. 1992), possibly followed by 30 

Gy IFRT (Wu & Prosnitz 1996). For patients with advanced-stage HL and several 

adverse prognostic factors (IPS > 3), dose-escalated BEACOPP with or without 

radiotherapy should be considered as a primary treatment (Diehl et al. 2003, 

Diehl et al. 2004, Tesch et al. 1998). The patients with refractory or relapsed 

Hodgkin lymphoma should be treated with high-dose chemotherapy with 

autologous stem cell transplantation (ASCT) (Schmitz et al. 2002, Linch et al. 
1993). 

In patients with NLPHL, the clinical behaviour of the lymphoma often differs 

markedly from CHL. Disease course is usually slow, but the lymphoma can 

relapse even 10 to 20 years after the treatment. In approximately 10% of the cases, 

HL transforms to DLBCL during a follow-up of about 10 years (Miettinen et al. 
1983, Orlandi et al. 1997). According to the recommendations of the Nordic 

Lymphoma Group, recommended primary treatment for patients with stage IA/B 

and IIA NLPHL without risk factors is IFRT of 30 Gy alone. If the NLPHL 

patients have many risk factors, their treatment should be more aggressive, but 

there is no clear consensus on this matter. 

In patients with stage IA or IIA non-bulky HL cure rates in excess of 90% to 

95% can be expected. 80% of Hodgkin lymphoma patients have three or fewer 

risk factors (IPS adverse factors) and experience 5-year progression-free survival 

(PFS) of 70%, while PFS of the remaining 20% with four or more risk factors 

falls below 50%. 
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Table 1. Cotswold revision of the Ann Arbor staging classification. (Reproduced from 

Swerdlow et al. 2008). 

Stage Definition 

I Involvement of a single lymph node region or lymphoid structure 

(e.g. spleen, thymus, Waldeyer’s ring) 

II Involvement of two or more lymph node regions on the same side of the 

diaphragm (the mediastinum is a single site; hilar lymph nodes are lateralised); 

the number of anatomic sites should be indicated by suffix (e.g. II3) 

III Involvement of lymph node regions or structures on both sides of the diaphragm 

III1 With or without splenic, hilar, celiac or portal nodes 

III2 With para-aortic, iliac or mesenteric nodes 

IV Involvement of extranodal site(s) beyond those designated E 

E Involvement of a single extranodal site, or contiguous or proximal to known 

nodal site of disease 

Table 2. Explanations for different abbreviations of chemotherapy combinations used 

in lymphoma treatments. 

Chemotherapy 

combination 

Drugs included 

ABVD doxorubicin, bleomycin, vinblastine, dacarbazine 

BEACOPP bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, 

prednisone 

CHOP cyclophosphamide, doxorubicin, vincristine, prednisone 

CEOP cyclophosphamide, epirubicin, vincristine, prednisone 

CHOEP cyclophosphamide, doxorubicin, vincristine, etoposide, prednisone 

DHAP cisplatin, cytosine arabinoside, dexamethasone 

ICE ifosfamide, carboplatinum, etoposide 

IMVP ifosfamide, methotrexate, etoposide 

MINE mitoxantrone, ifosfamide, etoposide 

Table 3. International Prognostic Score (IPS) for Hodgkin lymphoma, which is used for 

risk evaluation of patients with advanced-stage HL. (Modified from Hasenclever & 

Diehl 1998). 

Parameter Adverse factor 

Serum albumine level < 40 g/l 

White blood cell count > 15 x 109 

Lymphocyte count < 0.6 x 109 or < 8% of the total amount of blood cells 

Haemoglobin level < 105 g/l 

Age > 45 years 

Sex male 

Stage IV 
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Follicular lymphoma 

Follicular lymphoma (FL) accounts for about 25% of all lymphomas and its 

incidence is highest in Western Europe and the USA (Anderson et al. 1998). FL is 

the most common subtype of indolent or low-grade lymphomas and the second 

most common of all lymphomas (70% of all indolent lymphomas). It affects 

predominantly adults, with a median age of 59 years and a male:female ratio of 

1:1.7. It is rare in individuals under the age of 20 years (Anon 1997, Glass et al. 
1997). 

Follicular lymphoma predominantly affects the lymph nodes, but the spleen, 

bone marrow, peripheral blood, or Waldeyer’s ring are also involved in many 

cases. Involvement of non-haematopoietic extranodal sites, such as the 

gastrointestinal tract, soft tissue, skin, and other sites may occur, but this is 

usually present only with widespread nodal disease (Swerdlow et al. 2008). At 

diagnosis, most patients have widespread disease, including peripheral and central 

(abdominal and thoracic) lymph nodes and/or spleen. The bone marrow is 

involved in about 40% of the cases. Only 1/3 of patients are diagnosed with a 

stage I or II disease (Anon 1997). Despite widespread disease, patients usually do 

not suffer from any symptoms except for those caused by enlarged lymph nodes. 

(Swerdlow et al. 2008) 

Neoplastic cells of follicular lymphoma are follicle centre B-cells, both 

centrocytes and centroblasts. Most cases of FL have a predominantly follicular 

pattern. Neoplastic follicles are often poorly defined and lack mantle zones; they 

are closely packed with disappearance of nodal architecture, and have neither 

polarisation nor a clearly detectable starry-sky pattern. Diffuse areas with or 

without sclerosis may often be present. Follicular lymphoma is graded according 

to the proportion of centroblasts. Histological grading can predict clinical 

outcome, but the optimal method for grading and its clinical significance are still 

under debate. A grading system with three grades (1–3), based on counting the 

absolute number of centroblasts in ten neoplastic follicles, expressed per 40x 

high-power microscopic field (hpf), is recommended. Grade 1 cases have 0–5 

centroblasts/hpf; Grade 2 cases 6–15 centroblasts/hpf and Grade 3 cases > 15 

centroblasts/hpf. Grade 3 is further divided into grade 3a, in which centrocytes are 

present, and grade 3b, in which solid sheets of centroblasts can be found. 

(Swerdlow et al. 2008) 

A whole lymph node is needed as a sample for diagnosing follicular 

lymphoma. Diagnosis is based on histological and immunohistochemical study. In 
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cytogenetic studies, t(14;18)(q32;q21) translocation can be identified in 

approximately 80% of FLs (Horsman et al. 1995). The translocation results in the 

over-expression of B-cell lymphoma gene-2 (Bcl-2), which protects lymphoma 

cells from apoptosis. The disappearance of the Bcl-2 mutation as a result of 

immunochemotherapy is regarded as molecular remission. 

Clinical and radiological staging, symptoms, tumour burden (size and number 

of affected lymph nodes), patient characteristics (age, performance status, and 

other diseases), and clinical risk classification affect the treatment choices of FL. 

Stage is defined according to the Ann Arbor staging system (Table 1). Whole-

body computed tomography (CT), bone marrow biopsy and aspiration sample are 

needed for staging. Different lymph node areas are presented in Fig. 1. Systemic 

B symptoms (fever, night sweats and weight loss), compression symptoms and 

disturbances in haematopoiesis should be taken into account. Clinical risk 

classification of FL (Follicular Lymphoma International Prognostic Index, FLIPI) 

is presented in Table 4 (Solal-Celigny et al. 2004). 
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Fig. 1. Mannikin used for counting the number of involved nodal areas in the staging 

of lymphomas. Each rectangle corresponds to a nodal area. Bilateral involvement is 

quoted as two affected nodal areas (Solal-Celigny et al. 2004). 
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Patients with good-prognosis FL (stage I-II, grade I-II) comprise approximately 

20% of all FL patients. Recommended primary treatment for these patients is 

radiotherapy of affected areas (24–30 Gy) (Mac Manus & Hoppe 1996). 

Combination of systemic treatment and radiotherapy may attain higher rates of 

disease control (Seymour et al. 2003). However, randomized trials are lacking, 

and secondary cancers are more common after combination therapy. Follow-up is 

a recommended treatment policy for patients with asymptomatic stage III-IV FL 

without indications for active treatment. Immediate treatment initiation attains 

more complete responses, but it is not known whether it affects survival or 

reduces the risk of transformation. For these patients, treatment is initiated when 

FL activates. There is also some evidence that early treatment initiation with 

CD20 antibody (rituximab, R) could have some advantage, but clinical trials are 

lacking. Indications for active treatment are grade 3 FL, B symptoms, bulky 

tumour (diameter > 7 cm), organ compression, bone marrow involvement causing 

insufficiency of haematopoiesis, rapid progression of FL or FLIPI score 3 or more. 

Treatment of grade 3b FL is similar to the treatment of DLBCL. Recommended 

first-line treatment for patients with poor-prognosis or symptomatic FL is R-

CHOP 6–8 cycles (Hiddemann et al. 2005). Fludarabin-based chemotherapy 

combinations attain good responses (Zinzani et al. 2004), but this kind of 

treatment is often complicated by opportunistic infections. The aim of the 

treatment is clinical and radiological remission. There is no undeniable clinical 

evidence on the significance of molecular remission. 

In relapsed FL, if patients are asymptomatic and without a large tumour 

burden, they can be followed without treatment. The indications for active 

treatment are similar to those in first-line treatment. In relapsed FL, many 

chemotherapeutics attain good responses. Because the conventional relapse 

treatments do not prolong overall survival, the aim of the relapse treatment is to 

control the lymphoma symptoms with as few adverse effects as possible. Low-

dose (4 Gy) involved field radiotherapy can be effective as palliative treatment 

(Haas et al. 2003). Radioimmunotherapy can be used in the treatment of recurrent 

FL, but it is not yet in routine clinical use. If response after the relapse treatment 

is good, but the patient is not suitable for high-dose therapy, prolonged 

progression-free survival times can be achieved by giving rituximab as a 

maintenance therapy (van Oers et al. 2006, Forstpointner et al. 2006). 

High-dose chemotherapy with ASCT should be considered if the first relapse 

occurs within three years of the first-line treatment, if only partial response is 

achieved with conventional treatment, or if FL is transformed (Schouten et al. 
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2003). Allogenous stem cell transplantation can be considered in young patients 

after the failure of relapse treatment (van Besien et al. 2003). 

The disease course of FL is usually indolent and progression is slow. FL is 

often very chemosensitive, but relapses are common. Over the years, FL typically 

eventually develops resistance to chemotherapy or transforms into aggressive 

lymphoma subtype resembling DLBCL. The annual risk of transformation is 

approximately 3% during a follow-up of 15 years (Al-Tourah et al. 2008). Except 

for patients with stage I disease, FL has until now been considered to be incurable. 

However, high-dose chemotherapy with ASCT or allogenous stem cell 

transplantation might be curative treatment (Sebban et al. 2008). The median 

survival before introducing rituximab has been 8 to 10 years. Using FLIPI, FL 

patients can be divided into low, intermediate and high-risk groups, which have 

been identified with 10-year overall survival rates of 71%, 51%, and 36%, 

respectively (Solal-Celigny et al. 2004). However, one limitation of the FLIPI has 

been its inability to identify a very poor outcome group, since even the high-risk 

group has a 5-year overall survival of greater than 50%. 

Table 4. Clinical risk classification of follicular lymphoma, Follicular Lymphoma 

International Prognostic Index (FLIPI). (Reproduced from Solal-Celigny et al. 2004). 

Parameter Adverse factor 

Age > 60 years 

Stage III-IV 

Haemoglobin level < 120 g/l 

LDH* level > upper limit of normal 

Number of affected nodal sites > 4 

*lactate dehydrogenase (LDH) 

Diffuse large B-cell lymphoma 

Diffuse large B-cell lymphomas constitute 30–40% of adult non-Hodgkin 

lymphomas in the Western countries. The median age of the patients is more than 

60 years, but the range is wide, and these lymphomas may also manifest in 

children and young adults (Anon 1997, Armitage & Weisenburger 1998). They 

are more common in males than females. During the past few decades the 

incidence has been increasing (Swerdlow et al. 2008). 

Diffuse large B-cell lymphoma, not otherwise specified (NOS) is a diffuse 

proliferation of large neoplastic B-lymphoid cells with nuclear size equal to or 
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exceeding normal macrophage nuclei or more than twice the size of a normal 

lymphocyte. The cytologic features are divergent in different variants. Patients 

may be diagnosed with nodal or extranodal disease. Up to 40% of DLBCLs are at 

least at diagnosis restricted to extranodal sites (Harris et al. 1994). The 

gastrointestinal tract is the most common extranodal site, but virtually any 

extranodal locations, such as bone, testis, soft tissue, salivary gland, female 

genital tract, lung, kidney, liver, Waldeyer’s ring, spleen, or central nervous 

system (CNS) may be a primary site. Bone marrow (BM) involvement is detected 

in 11–27% of the cases (Campbell et al. 2006). Usually, patients have a rapidly 

enlarging, often symptomatic mass at a single nodal or extranodal site. Almost 

half of the patients present stage I or II disease at diagnosis. Most patients are 

asymptomatic, but if symptoms are present, they depend on the site of 

involvement. (Anon 1997, Armitage & Weisenburger 1998) 

In DLBCL, the normal architecture of the affected lymph node or extranodal 

tissue is typically replaced by a diffuse pattern. Lymph node involvement may be 

complete, partial, interfollicular or sinusoidal, and the perinodal soft tissue is 

often infiltrated. DLBCLs consist of large transformed lymphoid cells. DLBCLs 

are cytologically varied and can be divided into three morphologic variants: 

centroblastic, immunoblastic and anaplastic (Swerdlow et al. 2008). In the novel 

lymphoma classification WHO IV, T-cell/histiocyte-rich DLBCL constitutes its 

own discrete subgroup of large B-cell lymphoma, although the treatments of this 

subtype remain the same as in DLBCL NOS. In the new classification, primary 

DLBCL of CNS, primary cutaneous DLBCL (leg type) and EBV positive DLBCL 

of the elderly are also regarded as separate subgroups of large B-cell lymphomas 

(Swerdlow et al. 2008). 

Diagnosis is based on the histological study and immunohistochemistry of 

paraffin-embedded lymphoma tissue (Swerdlow et al. 2008). Diagnostic criteria 

are blast type chromatine, cytoplasmic basofilia, and positivity of B-cell antigens 

in immunohistochemistry (CD20+ or CD19+, CD79a+). Morphology and genetic 

changes are heterogeneous, and immunophenotype and proliferation activity vary. 

Initially, it has been identified by gene expression profiling that DLBCL includes 

at least three distinct subtypes: germinal centre (GC) type, activated B-cell type 

and type 3 gene expression profiles, which differ both in terms of cell of origin 

and prognosis (Alizadeh et al. 2000). Later, it has been shown that these subtypes 

can also be distinguished immunohistochemically. By analysing the tissue 

expression of CD10, Bcl-6 and interferon regulatory factor 4 (IRF4) (MUM-1 

epitope), DLBCL can be divided into GC and non-GC phenotypes (Fig. 2), which 
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have been demonstrated to be important prognostic factors for patients treated 

with chemotherapy. Patients with non-GC phenotype of DLBCL have a more 

aggressive disease course and significantly poorer survival compared to those 

with GC phenotype. (Hans et al. 2004) However, CD20 antibody in combination 

with chemotherapy seems to eliminate the prognostic impact of GC phenotype 

(Nyman et al. 2007). 

Fig. 2. Decision tree for subclassification of DLBCL by immunohistochemistry. 

Antibody detects the MUM-1 epitope of interferon regulatory factor 4 (IRF4) molecule 

which acts as a transcription factor (Hans et al. 2004). 

The treatment of DLBCL is based on clinical and radiological staging (CT of the 

whole body) and clinical risk classification. In history and status, B symptoms, 

enlarged superficial lymph nodes, the size of the spleen and liver as well as bone 

marrow aspiration sample and biopsy need to be examined. Nose and pharynx 

symptoms, stomach symptoms, CNS and bone symptoms should be taken into 

account and appropriate investigations should be conducted. Stage is defined 

according to the Ann Arbor/Cotswolds staging system (Table 1). 

The prognosis of DLBCL depends on many clinical and cell-biological 

factors as well as on treatments. New prognostic factors and risk classifications 

have lately been introduced, but they have not been validated in sufficiently large 

materials or in patients treated with effective modern immunochemotherapy. 
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Clinical treatment choices are still based on traditional International Prognostic 

Index (IPI) classification (IPI project 1993) (Table 5). According to the IPI system, 

four discrete groups (Table 6) can be identified with a 5-year overall survival 

ranging from 26% to 73% when patients are treated with CHOP without 

rituximab (IPI project 1993). In R-CHOP-treated patients, the outcome of patients 

in these four groups is quite similar in low and low-intermediate risk groups (4-

year overall survival (OS) 82% and 81%, respectively) and high-intermediate and 

high-risk groups (4-year OS 49% and 59%, respectively). Therefore, Sehn et al. 
(2007) have suggested that patients treated with rituximab and CHOP should be 

divided into three groups according to the so-called revised IPI (R-IPI) (Table 6). 

R-IPI subclassifies patients into groups of very good, good and poor prognosis, 

with 4-year OS of 94%, 79% and 55%, respectively (Sehn et al. 2007). Age-

adjusted IPI (aa-IPI) can also be used for patients under or above 60 years. 

Table 5. Adverse factors for clinical risk classification of diffuse large B-cell 

lymphoma, International Prognostic Index (IPI). (Modified from Anon 1997). 

Parameter Adverse factor 

Age > 60 years 

Stage III-IV 

LDH level > upper limit of normal 

Number of extranodal sites > 1 

WHO performance status > 1 

Table 6. Clinical risk classification of DLBCL according to IPI and R-IPI. (Reproduced 

from Sehn et al. 2007). 

Risk group Number of IPI factors 

Standard IPI  

Low 0-1 

Low-intermediate 2 

High-intermediate 3 

High 4-5 

Revised IPI  

Very good 0 

Good 1-2 

Poor 3-5 
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The aim of the treatment is curative. The basis of the treatment is 

immunochemotherapy including rituximab and anthracycline-based 

chemotherapy combination. For young (≤ 60 years) patients with good prognosis 

DLBCL (IPI 0–1), recommended primary treatment is six cycles of R-CHOP21 

(the next cycle of R-CHOP begins every 22nd day) (Pfreundschuh et al. 2006). 

After chemotherapy, patients with a bulky tumour or extranodal involvement 

might be given radiotherapy of the affected areas to 36–40 Gy. For elderly (> 60 

years) patients with good-prognosis DLBCL, 6 cycles of R-CHOP21 or R-

CHOP14 is also recommended as primary treatment (Coiffier et al. 2002, 

Pfreundschuh et al. 2008). If elderly patients have severe adverse effects, three 

cycles of R-CHOP21 and radiotherapy of the affected area are recommended 

treatment in the case of stage I-II disease (Miller et al. 1998). There is no strong 

clinical evidence as to what is the best primary treatment for young patients with 

poor-prognosis DLBCL (IPI 2–5). Rituximab and dose intensifying are 

advantageous and a primary recommendation is six cycles of R-CHOP14, R-

CHOEP14 or R-CHOEP-21 (Pfreundschuh et al. 2004a; 2006). CNS prophylaxis 

is recommended for selected patients (Hill & Owen 2006). For elderly patients 

with poor-prognosis DLBCL, the primary treatment recommendation is six cycles 

of R-CHOP14 or R-CHOP21 (Pfreundschuh et al. 2004b; 2008, Verdonck et al. 
2007, Coiffier et al. 2002). In the case of severe adverse effects six to eight cycles 

of R-CHOP21 is recommended as primary treatment for elderly patients (Coiffier 

et al. 2002). In primary refractory DLBCL, recommended second-line treatment 

is R-ICE or R-DHAP followed by high-dose chemotherapy and ASCT, if CR or 

partial response (PR) is achieved (Kewalramani et al. 2004, Vellenga et al. 2008). 

Adjuvant radiotherapy is recommended after chemotherapy in the case of a 

detectable bulky tumour or local extranodal involvement at the time of diagnosis, 

or if a residual tumour can be detected after systemic treatment (Aviles et al. 2004; 

2005). 

Second-line aa-IPI is an important prognostic factor after relapse. It is not 

known what is the best treatment after relapse. The recommended relapse 

treatment for patients under 65 years is R-DHAP or R-ICE (Kewalramani et al. 
2004, Vellenga et al. 2008). If good response is achieved, high-dose 

chemotherapy with ASCT should be considered. For elderly patients, for instance 

R-IMVP-16 or R-MINE could be possible relapse treatments (Rodriguez et al. 
1995), but if the performance status is low, radiotherapy or palliative treatment 

alone might be adequate choices. 
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Other lymphomas 

Non-Hodgkin lymphomas are a very heterogeneous group of diseases, and 

therefore they cannot be considered as one disease. Some non-Hodgkin 

lymphomas, such as MALT lymphoma, are indolent and may be curable even 

without chemotherapy, while others, such as Burkitt’s lymphoma (BL), have a 

rapidly progressing disease course demanding immediate treatment initiation. 

Mantle cell lymphoma is an aggressive lymphoma subtype with a poor prognosis 

that has been considered to be incurable, but forthcoming studies will show 

whether induction treatment with high-dose cytosine arabinoside (cytarabine) and 

rituximab followed by high-dose chemotherapy with ASCT can be curative for 

these patients (Geisler et al. 2008). The treatment regimens in different non-

Hodgkin lymphomas vary a great deal, with the exception that all patients with a 

CD20 positive B-cell derived lymphoma are considered to benefit from adding 

CD20 antibody to the chemotherapy combination. Most T-cell derived 

lymphomas are considered to be aggressive. The treatments of T-cell lymphomas 

are usually initiated with a curative intention, but treatment results are poor, with 

the exception of anaplastic lymphoma kinase (ALK)-positive anaplastic large T-

cell/null cell lymphomas. In addition, T-cell lymphomas are infrequent, which is 

why strong clinical evidence as a basis of treatment choices is very limited. 
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2.2 Matrix metalloproteinases 

Matrix metalloproteinases (MMPs) are calcium-dependent endopeptidases that 

also contain a zinc ion. MMPs are involved in tissue remodelling and are capable 

of degrading all ECM components, including collagens, elastins, gelatin 

(denatured collagen), matrix glycoproteins and proteoglycans. In normal 

physiological conditions, MMPs are usually expressed only at low levels, which 

is important for maintaining the homeostasis. So far at least 26 human MMPs are 

known to exist. According to substrate specificity, MMPs are divided into 

collagenases, gelatinases, stromelysins, and matrilysins (Table 7). Membrane-type 

MMPs (MT-MMPs) are another subclass of MMPs (Verna & Hansch 2007). In 

addition to their function in ECM turnover and tissue remodelling, MMPs are 

able to regulate several cell functions, such as cell growth, differentiation, 

apoptosis, angiogenesis, immune responses, inflammation, invasion and 

metastasis by cleaving growth factor precursors, cell adhesion molecules and 

other bioactive proteins (Egeblad & Werb 2002). MMPs also play an integral role 

in many pathological conditions, which include both malignant and non-

malignant diseases (Verna & Hansch 2007). 

The N-terminal predomain is required for the correct secretion of all MMPs. 

The predomain is followed by a prodomain that forms an integral contact site 

with the catalytic zinc ion and maintains the latency of the enzymes. The 

prodomain is followed by a catalytic domain, which is characteristic for zinc-

dependent metalloenzymes. The catalytic centre contains a zinc-binding motif 

(Stocker et al. 1995). MMPs also contain calcium ions besides zinc ions. Almost 

all MMPs contain a haemopexin/vitronectin-like domain, which is connected to 

the catalytic domain by a short linker or hinge region (Gomis-Ruth 2004). The 

haemopexin/vitronectin-like C-terminal domain is involved in many protein-

protein interactions, such as binding the tissue inhibitors of matrix 

metalloproteinases (TIMPs) and MMP substrates, and it also has a role in the 

activation processes of MMPs. The collagen-binding domain (CBD) of 

gelatinases and the transmembrane domains of MT-MMPs are additional domains 

that are not present in all MMPs. 
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Table 7. Classification of matrix metalloproteinase enzymes. (Reproduced from Verna 

& Hansch 2007) 

No. Enzyme subclass, MMP No. Enzyme 

 Collagenases  

1 MMP-1 collagenase-1 

2 MMP-8 collagenase-2 / neutrophil collagenase 

3 MMP-13 collagenase-3 

4 MMP-18 collagenase-4 

 Gelatinases  

5 MMP-2 gelatinase A 

6 MMP-9 gelatinase B 

 Stromelysins  

7 MMP-3 stromelysin-1 

8 MMP-10 stromelysin-2 

9 MMP-11 stromelysin-3 

10 MMP-27 homology to stromelysin-2 (51.6%) 

 Matrilysins  

11 MMP-7 matrilysin (PUMP, “putative metalloprotease”) 

12 MMP-26 matrilysin-2 

 MT-MMPs (membrane-type)  

13 MMP-14 MT1-MMP 

14 MMP-15 MT2-MMP 

15 MMP-16 MT3-MMP 

16 MMP-17 MT4-MMP 

17 MMP-24 MT5-MMP 

18 MMP-25 MT6-MMP 

 Other enzymes  

19 MMP-12 macrophage metalloelastase 

20 MMP-19 RASI 1 

21 MMP-20 enamelysin 

22 MMP-21 MMP identified on chromosome 1 

23 MMP-22 MMP identified on chromosome 1 

24 MMP-23 CA-MMP (from human ovary cDNA*) 

25 MMP-28 Epilysin 

26 MMP-29 Unnamed 

*cDNA, complementary deoxyribonucleic acid 
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2.2.1 Gelatinases 

Two MMP enzymes form a subgroup of gelatinases, gelatinase A (MMP-2) and 

gelatinase B (MMP-9), which are able to degrade several ECM components, such 

as gelatin, type IV and V collagens and elastin (Birkedal-Hansen et al. 1993). 

Type IV collagen is an integral component of basement membranes, and 

enhanced expression of gelatinases is thus thought to play a critical role in the 

invasion through basement membranes and metastasis by malignant cells (Liotta 

1986). Gelatinases have a function in several physiological and pathological 

conditions, and their role in cancer has been studied intensively. Gelatinases are 

also involved in invasive processes during growth and development, leukocyte 

mobilisation, inflammation, wound healing and reproduction. Increased activity 

of gelatinases has been found in many pathological processes such as cancer, 

inflammation and infections, degenerative diseases of different organs, and 

vascular disorders (Van den Steen et al. 2002).  

MMP-2 and MMP-9 are quite similar enzymes, but on the other hand, they 

also have marked differences, for example in the regulation of expression, 

glycosylation, proenzyme activation and substrate selectivity. The variety of 

gelatinase substrate proteins is wide and contains ECM proteins, proteinases, 

proteinase inhibitors, clotting factors, chemotactic molecules, latent growth 

factors, binding proteins of growth factors, cell surface receptors, adhesion 

molecules and intracellular molecules. MMP-2 and MMP-9 have many substrates 

in common, but their substrate specificities are not identical. The structures of the 

catalytic domains of gelatinases have some small differences, which result in 

functional differences as well as divergent substrate selectivity. (Björklund & 

Koivunen 2005) 

It is important to control the activity of the proteases to avoid excess tissue 

damage. Therefore, there are several regulation points for gelatinase activity, such 

as transcription, secretion, activation and the action of proteinase inhibitors. 

Gelatinase expression can be regulated by different growth factors, chemokines 

and integrins and signals mediated by ECM (Björklund & Koivunen 2005). 

Endothelial and tumour cells can secrete the gelatinases in specific transport 

vesicles that also contain other proteins, such as integrins and components of the 

plasminogen activation system (Taraboletti et al. 2002). 

After the secretion to the extracellular space, gelatinases are still inactive 

proenzymes, and to achieve complete catalytic activity, they need to be activated. 

The activation process of the gelatinases takes place on the cell surface or in the 
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extracellular space. The MMPs are activated when the propeptide is removed or 

its conformation is disrupted. (Björklund & Koivunen 2005)  

Although MMP-2 and MMP-9 have many functions in common, they also 

have totally opposing biological activities. The domain structure of gelatinases is 

illustrated in Fig. 3. 

Fig. 3. Domain structure of MMP-2 and MMP-9. Pre: signal sequence, Pro: propeptide 

with a free zinc-ligating thiol (SH) group, Zn: zinc-ion binding site, II: collagen-binding 

fibronectin type II inserts, H: hinge region (Sternlicht & Werb 2001). 

Matrix metalloproteinase-2 

The structure of proMMP-2 was the first complete MMP structure solved 

(Morgunova et al. 1999), and the structure of the proMMP-2-TIMP-2 complex 

has also been crystallised (Morgunova et al. 2002). MMP-2 is a 72-kilodalton 

(kDa) non-glycosylated protein, which is expressed in normal fibroblasts, 

endothelial and epithelial cells as well as in many malignant cells (Björklund & 

Koivunen 2005). The catalytic domain of pro-MMP-2 contains two calcium ions, 

and a third ion is located in the C-terminal domain. The function of the calcium 

ions is to maintain the architecture of the catalytic domain and stabilise the 

enzyme (Morgunova et al. 1999, Bu & Pourmotabbed 1996). 

Concerning the substrate specificities of gelatinases, the most important 

difference between the two gelatinases is that MMP-2 is able to degrade native 

type I collagen. Some substrates common for both of the gelatinases show over 

200-fold selectivity towards MMP-2 over MMP-9 (Chen et al. 2002). 

For MMP-2, a constitutive expression pattern is the most typical, and its 

expression is only slightly up- or downregulated under different conditions 

(Birkedal-Hansen et al. 1993). In cells treated with protein kinase C activators 

MMP-2 expression is modestly downregulated (Huhtala et al. 1991). MMP-2 

expression can be stimulated by the extracellular matrix metalloproteinase 

inducer (EMMPRIN) (Caudroy et al. 2002). α3β1 integrin-tetraspanin complex 

antibodies also induce MMP-2 expression (Sugiura & Berditchevski 1999). 

MMP-2 is activated on the cell surface by forming a complex of MMP-2, 

MT1-MMP and TIMP-2 molecules. First, the TIMP-2 N-terminal domain binds to 
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MT1-MMP inhibiting it, while the C-terminal domain of the same TIMP-2 

molecule binds the haemopexin-like domain of MMP-2 and forms a ternary 

complex. Thereafter, another MT1-MMP molecule cleaves the MMP-2 to the 

intermediate 64-kDa form by cleaving an amino acid bond between the first and 

the second α helix of the prodomain. Finally, an already active MMP-2 molecule 

cleaves another amino acid bond from this intermediate molecule, thus processing 

it to the mature 62-kDa MMP-2 (Strongin et al. 1995). Only the active MT1-

MMP is able to bind MMP-2 on the cell surface. Therefore, regulation of MT1-

MMP activation is an important control point of MMP-2 activity (Lehti et al. 
1998). Although TIMP-2 is required for the MMP-2 activation process, in higher 

concentrations TIMP-2 has been found to inhibit MMP-2 activation. However, if 

TIMP-2 is lacking, soluble MT1-MMP is also able to efficiently activate MMP-2 

(Pei & Weiss 1996). MMP-1 and MMP-7 can also activate MMP-2 (Sang et al. 

1996), and proteases that are not able to activate MMP-2 can also mediate its 

activation process by activating MT1-MMP (Shamamian et al. 2000). 

Changes in the phenotype of MMP-2-deficient mice have no severe 

consequences. The mice have only minor defects in developmental angiogenesis, 

in the skeleton and joints, but angiogenesis and growth of tumours is notably 

reduced (Itoh et al. 1998, Corry et al. 2002). However, MMP-2/MT1-MMP 

double knockout mice die immediately after birth, suffering from respiratory 

failure, abnormal blood vessels and immature muscle fibres (Oh et al. 1997). On 

the contrary, MMP2/MMP-9 knockout mice are viable and do not differ from the 

wild-type mice in the inflammatory response to a mycoplasma infection (Baluk et 
al. 2004). 

In several studies, MMP-2 has been connected to increased tumour 

angiogenesis. In MMP-2-deficient mice, tumour angiogenesis and progression are 

reduced (Itoh et al. 1998). MMP-2 has been shown to be upregulated in 

angiogenic lesions of breast carcinoma (Kurizaki et al. 1998). Vascular 

endothelial growth factor (VEGF) has been shown to increase MMP-2 release 

from microvascular endothelial cells (Lamoreaux et al. 1998). However, MMP-2 

can also have an antiangiogenic effect when increasing the production of 

angiostatin (O’Reilly et al. 1999). MMP-2 is also able to induce apoptosis in 

tumour and endothelial cells (Bello et al. 2001) and it has been found to promote 

platelet aggregation (Fernandez-Patron et al. 1999). 



 44 

Matrix metalloproteinase-9 

MMP-9 is a 92-kDa protein that contains two N-glycosylated sites in the 

prodomain and in the catalytic domain (Kotra et al. 2002). The basic structure of 

MMP-9 is similar to other MMPs, but it additionally has a unique collagen V-like 

insertion between the catalytic domain and the C-terminal domain, which 

contains O-linked glycans (Rudd et al. 1999, Mattu et al. 2000). The function of 

this insertion is unknown. The haemopexin-like domain of the molecule 

participates in the homodimerisation of MMP-9 (Cha et al. 2002), and the C-

terminal domain is required in forming heterodimers of MMP-9 and MMP-1. 

Unlike MMP-2 expression, MMP-9 expression is highly inducible and can be 

controlled by growth factors, chemokines and other stimulatory signals (Hipps et 
al. 1991). In protein kinase C activator treated cells, the expression of MMP-9 is 

stimulated several-fold (Huhtala et al. 1991). MMP-9 expression activating 

cytokines and growth factors include epidermal growth factor (EGF), platelet-

derived growth factor (PDGF), hepatocyte growth factor/scatter factor (HGF/SF), 

basic fibroblast growth factor (bFGF), FGF-2, transforming growth factor (TGF)-

α and β, amphiregulin, tumour necrosis factor (TNF)-α, interleukin (IL)-1α and β, 

interferon (IFN)-α and γ (Van den Steen et al. 2002). In addition to growth factors 

and chemokines, MMP-9 expression can be stimulated by some ECM- and 

integrin-mediated signals, such as αMβ2 and α3β1 integrin ligation (Wize et al. 
1998). 

White blood cells have to be able to bind to the vascular endothelium and 

extravasate into tissues, and thus they have a unique mechanism to regulate the 

activity of gelatinases. Leukocytes include protease-containing granules, which 

can be transferred to the cell membrane and secreted to the extracellular space 

during a short time after leukocyte activation. One of these granules is called 

gelatinase granule because of its high MMP-9 concentration (Borregaard 1997). 

Antisense expression of αV integrin has been found to reduce MMP-9 expression 

in EBV-infected B-cells (Huang et al. 2000) 

ProMMP-9 can be activated by several mechanisms. In many cultured cells 

plasminogen/MMP-3-mediated activation has been observed. In this process, 

urokinase plasminogen activator (uPA) also activates plasminogen to plasmin 

(Ramos-DeSimone et al. 1999). uPA cleaves plasminogen after binding to its 

receptor (uPAR) on the cell surface. Plasmin activates proMMP-3, which further 

activates MMP-9 by cleaving two amino acid bonds (Murphy & Crabbe 1995). 

Plasmin can also directly activate proMMP-9, but this is a relatively inefficient 
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mechanism. The activation process may be potentiated on the cell surface, which 

has been detected with plasmin and MT1-MMP/MMP-2- and MMP-3-mediated 

activation of proMMP-9 (Toth et al. 2003). Human tumour-associated trypsin-2, 

chymotrypsin-like proteinase and mast cell-derived α and β chymase have also 

been demonstrated to activate MMP-9. MMP-9 can also be activated by purified 

MMP-2, MMP-3, MMP-7, MMP-10, MMP-13 and MMP-26 in vitro, all of which 

produce the active 82-kDa enzyme (Björklund & Koivunen 2005). Neutrophils 

can also activate MMP-9 by an oxidative mechanism (Peppin & Weiss 1986). 

In MMP-9-deficient mice, vascularisation and ossification of cartilage have 

been found to be delayed, causing moderate abnormalities in the skeleton (Vu et 
al. 1998). Although MMP-9 expression is high in normal leukocytes, MMP-9-

deficient mice do not seem to have major immunodeficiencies (Van den Steen et 
al. 2002). 

MMP-9 has been connected to increased tumour angiogenesis in several 

studies. For example, increased MMP-9 expression has been found in angiogenic 

lesions of breast carcinoma (Kurizaki et al. 1998). Monocytes have been shown to 

produce increased amounts of MMP-9 after adhering to endothelial cells 

(Amorino & Hoover 1998). MMP-9 can also have antiangiogenic effects when 

enhancing the production of angiostatin (Patterson & Sang 1997). MMP-9 

expression has been observed both in normal and transformed leukocytes 

(Björklund & Koivunen 2005). MMP-9 has been found to decrease apoptosis in 

cancer cells and to increase developmental apoptosis (Bergers et al. 2000, Vu et al. 
1998). 

2.3 Tissue inhibitors of matrix metalloproteinases 

α2-macroglobulin and the tissue inhibitors of matrix metalloproteinases (TIMPs) 

are known to act as physiological inhibitors of gelatinases (Björklund & 

Koivunen 2005). TIMPs are small cysteine-rich proteins that are able to inhibit 

the activities of all known MMPs. They can form high-affinity 1:1 complexes 

with either latent or activated MMPs (Fujimoto et al. 1996, Strongin et al. 1995, 

Kähäri & Saarialho-Kere 1999, Gomez et al. 1997). There are four different 

TIMPs, which have been numbered in the order of their identification: TIMP-1, -2, 

-3 and -4. The tissue-specificity of their expression and their ability to inhibit 

various MMPs are divergent (Egeblad & Werb 2002). TIMP-1 inhibits MMP-9 

with the highest affinity, whereas TIMP-2 predominantly inhibits MMP-2 (Olson 

et al. 1997). TIMPs can also inhibit the members of another metalloproteinase 
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family, the ADAMs (a disintegrin and metalloproteinase) (Egeblad & Werb 2002). 

TIMPs also have MMP-independent cancer-inhibiting functions. They have been 

found to decrease tumour angiogenesis, growth, migration and metastasis in 

experimental models (Kähäri & Saarialho-Kere 1999, Gomez et al. 1997). 

TIMPs are known to have many different functions and they also participate 

in the activation processes of MMPs (Fujimoto et al. 1996, Strongin et al. 1995, 

Kähäri & Saarialho-Kere 1999). Regardless of the MMP-inhibitory function of 

TIMPs, there are several studies showing that high levels of TIMP-1 or TIMP-2 

correlate with poor prognosis in many cancers. The TIMPs are known to be able 

to inhibit apoptosis of tumour cells and promote growth and angiogenesis 

(Björklund & Koivunen 2005). The growth-promoting activity of TIMPs is 

demonstrated in a wide variety of cells and it does not seem to be dependent on 

the MMP-inhibitory function (Nemeth et al. 1996). 

TIMPs consist of two domains, which are structurally and functionally 

divergent. The N-terminal domain interacts with the catalytic domain of MMPs 

and is an efficient inhibitor of all MMPs. The C-terminal domain has two separate 

enzyme-binding sites, one for MMP-2 and the other for stromelysin-1 (Fassina et 
al. 2000). The expression of TIMPs may be induced by many cytokines such as 

IL-1, -6, -11, leukaemia inhibitory factor and oncostatin M, growth factors such 

as TGF-β, hormones and retinoids (Reynolds et al. 1994, Clark et al. 1987).  

2.3.1 Tissue inhibitor of matrix metalloproteinases-1 

TIMP-1 is a soluble, glycosylated protein with a molecular weight of 28.5 kDa 

(Fassina et al. 2000, Nagase et al. 2006). TIMP-1 inhibits MMP-9 with a high 

affinity, but it is not able to interact with MMP-2, because TIMP-1 lacks the 

critical C-terminal MMP-2-interacting residues that are present in TIMP-2 

(Morgunova et al. 2002). TIMP-1 can also be found in the nucleus (Zhao et al. 
1998), where it may be translocated from the cell membrane (Ritter et al. 1999). 

The expression of TIMP-1 has many control points including transcription, 

messenger-(m)RNA stability, degradation and endocytosis. TIMP-1 expression 

can be upregulated by phorbol esters, IL-1β, TGF-β and retinoids, for example 

(Fassina et al. 2000, Nagase et al. 2006). 

TIMP-1 was originally found as a protein with an erythropoietin-potentiating 

effect on erythrocyte progenitor cells (Hayakawa et al. 1992). Thereafter, TIMP-1 

has been found to have growth-promoting effects on a wide range of cells, such as 
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keratinocytes, chondrocytes, fibroblasts, epithelial and endothelial cells as well as 

lymphoid and myeloid cells (Lambert et al. 2004). 

2.3.2 Tissue inhibitor of matrix metalloproteinases-2 

TIMP-2 is a 21-kDa unglycosylated protein, which shares approximately 40% 

sequence identity with TIMP-1 (Fassina et al. 2000, Nagase et al. 2006). Studies 

with TIMP-2 knockout mice have indicated that the dominant function of TIMP-2 

in vivo is proMMP-2 activation (Wang et al. 2000). Solving of the crystal 

structure of proMMP-2 with TIMP-2 has revealed the interacting sites required 

for MMP-2 activation. The C-terminal haemopexin-like domain of MMP-2 forms 

a contact with the C-terminal domain of TIMP-2, whereas the catalytic domain of 

MMP-2 and the MMP-inhibitory N-terminal domain of TIMP-2 do not interact in 

this structure (Morgunova et al. 2002). Low concentrations of TIMP-2 have been 

associated with MMP-2 activation, whereas high concentrations are associated 

with MMP-2 inhibition (Kinoshita et al. 1998, Kurschat et al. 1999). TIMP-2 is 

typically constitutively expressed and can be downregulated by TGF-β (Fassina et 
al. 2000, Nagase et al. 2006). 

TIMP-2 has been found to have growth-promoting effects on fibroblasts, 

fibrosarcoma cells and osteosarcoma cells (Lambert et al. 2004). On the other 

hand, TIMP-2 may also directly inhibit endothelial cell proliferation and 

angiogenesis through α3β1 integrin decreasing tyrosine phosphatase activity 

associated with this integrin (Seo et al. 2003). TIMP-2 has been shown to inhibit 

angiogenesis and growth of gliomas both in vitro and in animal models 

(Takahashi et al. 2002). 

2.4 Prognostic value of tissue expression of gelatinases and their 

tissue inhibitors in solid tumours 

Several studies have shown that the MMP-2 immunoreactive protein is linked to 

aggressive clinical course and/or poor survival in different types of solid cancer, 

such as breast carcinoma (Talvensaari-Mattila et al. 2003, Sivula et al. 2005), 

ovarian carcinoma (Garzetti et al. 1995, Westerlund et al. 1999), endometrial 

carcinoma (Honkavuori et al. 2007), cervical cancer (Rauvala et al. 2006), 

bladder cancer (Vasala et al. 2003), head and neck squamous cell carcinoma 

(HNSCC) (Ruokolainen et al. 2006), lung adenocarcinoma (Kodate et al. 1997) 

and melanoma (Väisänen et al. 1996, 1998, 1999). 
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Tissue expression of MMP-9 is usually associated with shortened survival 

and adverse clinical course in solid cancers, but the results are not as 

homogeneous as they are for MMP-2. Tissue expression of MMP-9 is linked to 

poor prognosis, for example in lung carcinoma (Kodate et al. 1997, Cox et al. 
2000, Sienal et al. 2003), HNSCC (Ruokolainen et al. 2004) and gastric 

carcinoma (Sier et al. 1996). On the contrary, in bladder carcinoma, MMP-9 

immunoreactive protein was found to be a marker of favourable prognosis (Vasala 

et al. 2008a). Results of the studies concerning the favourable or unfavourable 

prognostic role of MMP-9 immunoreactive protein in breast cancer are 

contradictory (Scorilas et al. 2001, Pellikainen et al. 2004, Rahko et al. 2004). 

TIMP-1 tissue expression is associated with poor prognosis in many types of 

solid cancers. High levels of TIMP-1 mRNAs are associated with development of 

distant metastases and shortened survival in primary breast carcinoma (Ree et al. 
1997, Nakopoulou et al. 2002). TIMP-1 immunoreactive protein has also been 

found to correlate with adverse prognosis in primarily lymph node positive breast 

carcinoma (Kuvaja et al. 2005). Tissue expression of TIMP-1 has been shown to 

associate with shortened survival in HNSCC (Ruokolainen et al. 2005a), renal 

cell carcinoma (Kallakury et al. 2001) and non-small cell lung cancer (Fong et al. 
1996, Aljada et al. 2004). 

Tissue TIMP-2 has been found to associate with poor prognosis in most types 

of solid cancers. High tissue levels of TIMP-2 have been detected to be in 

association with distant metastases and adverse prognosis in breast carcinoma 

(Ree et al. 1997, Remacle et al. 2000). However, in the study of Nakopoulou et al. 
(2002), TIMP-2 protein expression in stromal fibroblasts was associated with 

better survival of breast cancer. TIMP-2 mRNA in primary tumours has been 

correlated with poor survival in cervical carcinoma (Davidson et al. 1999). Tissue 

TIMP-2 has also been found to predict poor prognosis in bladder cancer (Grignon 

et al. 1996, Kanayama et al. 1998), HNSCC (Ruokolainen et al. 2006) and tongue 

squamous cell carcinoma (Yoshizaki et al. 2001). 
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2.5 Gelatinases and their tissue inhibitors in lymphomas 

2.5.1 Gelatinases and their tissue inhibitors in white blood cell lines 

and in lymphoma animal models 

On a biological basis, haematological malignancies differ remarkably from solid 

tumours. In the invasion of solid tumours, malignant cells have to break through 

the natural barrier formed by basement membrane and migrate through the ECM 

until they encounter blood or lymphatic vessels (Pauli & Knudson 1988, Kohn & 

Liotta 1995). Vascular invasion and ECM destruction enables malignant epithelial 

cells to disseminate throughout the body. This is not the case in lymphomas, as 

both normal and malignant lymphocytes can migrate freely from one lymphoid 

organ to another through the postcapillary venules lined by high endothelial cells 

(Stauder et al. 1993, Cottier et al. 1972, Duijvestijn & Hamann 1989). 

By Northern blot analysis and zymography, MMP-9 expression has been 

found in Burkitt’s lymphoma (BL) cell lines and in a tonsillar cell suspension. 

TIMP-1 expression was demonstrated in the multipotential neoplastic K-562 cell 

line, the high grade BL cell lines, isolated tonsillar B cells and at low levels in 

peripheral blood T-cells, but not in neoplastic T-cells or peripheral blood B-cells. 

TIMP-2 expression was found in both neoplastic and normal blood cells of T-cell 

lineage, but expression was not detected in B-cells. However, MMP-2 expression 

was not detected in any of these cell lines (Stetler-Stevenson et al. 1997). 

Lymphoblastic leukaemia B-cells have been shown to express constitutively both 

MMP-2 and MMP-9 mRNA, whereas multiple myeloma cells and lymphoblastic 

leukaemia T-cells expressed only MMP-2 (Vacca et al. 2000). MMP-9 expression 

has also been found in murine foetal thymus (Canete-Soler et al. 1995) and in 

mature peripheral T-cells following cellular activation (Leppert et al. 1995). 

CD4+ T-lymphocytes from a non-malignant cloned human T-cell line have been 

found to produce MMP-9, while malignant T-cell lines have been shown to 

release low amounts of MMP-2 in addition to MMP-9 (Hauzenberger et al. 1999). 

Overexpression of MMP-9 by gene transfer has been shown to increase the 

tumorigenity and growth rate of experimental thymic lymphoma (Aoudjit et al. 
1999). MMP expression of lymphoma cells at the late stages of spreading of the 

lymphoma is thought to occur during contact with the vascular endothelium via 

cell-adhesion molecules (Aoudjit et al. 1999, Papadimitriou et al. 1999, St-Pierre 

et al. 1999). The findings that the vascular endothelial cell-adhesion molecule, 

intracellular adhesion molecule-1 (ICAM-1), controls the production of MMP-9 
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in lymphoma cells (Aoudjit et al. 1998a) and that ICAM-1-deficient mice are 

resistant to the spread of lymphoma (Aoudjit et al. 1998b) indicate a strong 

relationship between extracellular proteases and adhesion molecules in the 

progression of lymphomas. However, in a more recent study, the same research 

group generated highly aggressive lymphoma cell variants, and they found that in 

repeated in vivo passages, a selective pressure favoured lymphoma cells that 

constitutively expressed high levels of MMP-9. These more aggressive lymphoma 

cells were shown to be able to grow tumours in these ICAM-1-deficient mice, 

although the parent lymphoma cells were not. (Lalancette et al. 2000) 

Kossakowska et al. (1998) have demonstrated that lymphocytes and other 

leukocytes derived from both human NHLs and reactive lymphoid hyperplasia, 

e.g. hyperplastic tonsils, are capable of MatrigelTM (basement membrane matrix, a 

gelatinous protein mixture secreted by mouse tumour cells) penetration, but only 

cells isolated from aggressive NHLs had the ability to penetrate physical barriers 

constituted by elastin. In human NHLs, elastolytic activity was blocked by 

metalloproteinase inhibitors, while other proteinase inhibitors had only minor 

effects, indicating metalloproteinases to be the most important class of proteinases 

involved in ECM degradation by NHLs. However, established lymphoid or 

lymphoma cell lines representing pure populations of lymphoid cells did not 

degrade elastin or Matrigel and did not produce MMP-9. (Kossakowska et al. 
1998) 

Aoudjit et al. (1997) investigated mRNA expression of MMP-9 in an 

experimental thymic lymphoma model in mice bearing large thymic lymphomas. 

Although MMP-9 was found within the thymic tumours, lymphoma cells did not 

express it in vivo, indicating that MMP-9 expression was associated with stromal 

cells rather than lymphoma cells (Aoudjit et al. 1997). 

In the study of Aoudjit et al. (1998a), cell adhesion molecule ICAM-1 did not 

affect the production of TIMP-1 in lymphoma cells as it did for MMP-9. 

Overexpression of TIMP-1 did not affect the growth rate of murine experimental 

thymic lymphoma. Moreover, in lymphoma cell lines expressing high levels of 

both MMP-9 and TIMP-1, TIMP-1 expression did not decrease the capacity of 

MMP-9 to enhance the development of thymic lymphoma. (Aoudjit et al. 1999) 

When Burkitt’s lymphoma cell lines were analysed for their TIMP-1 expression, 

the expression of surface antigens in TIMP-1 positive BL cell lines differed from 

TIMP-1 negative ones and referred to antiapoptotic phenotype (Guedez et al. 
1998a). In a further study with BL cell lines, TIMP-1 positive cell lines showed 

resistance to cold-shock-induced apoptosis. In addition, recombinant TIMP-1, but 
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not TIMP-2, conferred resistance to apoptosis in TIMP-1 negative cell lines. 

TIMP-1 suppression of apoptosis was independent of MMP inhibition and 

resistance to apoptosis was reversed by anti-TIMP-1 antibodies. (Guedez et al. 
1998b) In a mouse model of Burkitt’s lymphoma, induction of TIMP-1 expression 

in an EBV-negative BL cell line resulted in a biphasic, in vivo tumour growth 

pattern in the nude mouse that was identical to EBV-positive BL cell lines. The 

initial effect of TIMP-1 is a rapid increase in tumour growth, which is followed 

by tumour necrosis and regression. The latter effect is mediated by TIMP-1 

inhibition of an angiogenic response within the developing tumour mass. (Guedez 

et al. 2001) In the most recent study of Guedez et al. (2005), an EBV-negative BL 

cell line with ectopic TIMP-1 expression was used to identify genes affected by 

TIMP-1. The study revealed changes in genes coding for B-cell growth and/or 

differentiation, transcription and cell cycle regulators. TIMP-1 repressed the 

expression of germinal centre markers CD10, Bcl-6 and PAX-5, and upregulated 

plasma cell-associated antigens CD138, MUM-1, XBP-1 and CD44, suggesting a 

plasma cell differentiation. Further validation in human lymphoma cell lines and 

in primary B-cell tumours demonstrated a predominant TIMP-1 expression in 

tumours with plasmacytic/plasmablastic phenotypes, including multiple 

myelomas, supporting the role of TIMP-1 as an important factor in the 

pathogenesis of plasmacytic/plasmablastic tumours. (Guedez et al. 2005) 

In a canine lymphoma study, MMP-2 and TIMP-2 mRNAs were detectable in 

the majority of normal lymph node and lymphoma samples evaluated, but there 

were no statistical differences between normal and neoplastic nodes, nodal and 

extranodal lymphomas, lymphoma grades or B- and T-cell lymphomas (Newman 

et al. 2008). 

2.5.2 Gelatinases and their tissue inhibitors in clinical lymphoma 

studies 

In one of the first studies concerning gelatinases and their tissue inhibitors in 

lymphomas, Kossakowska et al. (1993) found that in human high-grade non-

Hodgkin lymphomas, there was a correlation between the level of MMP-9 and 

TIMP-1 mRNA expression and the clinical aggressiveness of lymphoma, whereas 

low-grade lymphomas expressed low and relatively constant levels of MMP-9 

and TIMP-1 mRNAs. 

In an immunohistochemical study of classical Hodgkin lymphoma, malignant 

cells were positive for MMP-9 only in 3% and surrounding non-neoplastic cells in 
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32% of the cases; corresponding proportions for MMP-2 were 18% and 71%, but 

clinical correlations were not analysed (Thorns et al. 2003). In the 

immunohistochemical study of Flavell et al. (2000), MMP-9 expression was 

demonstrated in the malignant cells of all the Hodgkin lymphoma cases, but the 

expression did not correlate to the EBV status or survival. In Hodgkin lymphoma, 

Thorns et al. (2002) have shown TIMP-1 expression in approximately 68% of all 

cases, but clinical correlations were not analysed. In the study of Oelmann et al. 
(2002), TIMP-1 RNA expression was detected in malignant cells of all 15 

Hodgkin lymphoma cases and five out of seven Hodgkin-derived cell lines 

expressed TIMP-1 at protein level, while TIMP-2 RNA expression was not found 

in malignant cells and only one of the cell lines expressed TIMP-2. In the study of 

Kuittinen et al. (2002), protein expression of MMP-2 and MMP-9 was studied in 

a material of 67 Hodgkin lymphoma patients. Surprisingly, strong MMP-2 

expression correlated with favourable prognosis and nodular sclerosis subtype, 

whereas MMP-9 expression showed only a trend towards an adverse outcome and 

correlated with B symptoms (Kuittinen et al. 2002). 

In a limited patient material, MMP-9 mRNA expression was found to 

correlate with poor survival in large cell immunoblastic lymphoma (Kossakowska 

et al. 1992). In the study of Kuittinen et al. (2003), MMP-9 immunoreactivity was 

studied in a material of 57 non-Hodgkin lymphoma patients (35 DLBCLs, 8 

follicular lymphomas), and strong MMP-9 expression was found to be an adverse 

prognostic factor in patients with aggressive B-cell lymphomas. In the study of 

Sakata et al. (2004), expression of MMP-2 and MMP-9 was evaluated 

immunohistochemically in 158 patients with different types of non-Hodgkin 

lymphomas (75 DLBCLs, 14 follicular lymphomas). Nearly all patients with T-

cell lymphoma and approximately 50% of those with DLBCL expressed MMP-9. 

In the whole material, the OS rates of patients who expressed MMP-9 were 

significantly lower than of those who did not. A similar survival difference was 

detected when patients with DLBCL and those with T-cell/NK-cell lymphoma 

were analysed separately according to MMP-9 expression. Such a correlation was 

not found in MMP-2 expression. Chemotherapy was associated with better OS in 

DLBCL patients who expressed MMP-9. (Sakata et al. 2004) In the latter study, 

Sakata et al. (2007) studied immunohistochemically MMP-9 expression in 

patients with nasal NK/T-cell and nasal non-NK/T-cell lymphoma. Almost all of 

the patients with nasal NK/T-cell lymphoma expressed MMP-9, whereas nasal 

non-NK/T-cell lymphomas were mostly MMP-9 negative. Distant involvement-
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free 5-year survival was significantly lower in patients with MMP-9 positive 

lymphoma compared to MMP-9 negative lymphomas (Sakata et al. 2007). 

In a material consisting of different non-Hodgkin lymphomas, high levels of 

TIMP-1 mRNAs correlated directly with clinically aggressive lymphoma 

phenotypes (Kossakowska et al. 1991). In DLBCL, TIMP-1 positivity has been 

demonstrated to associate with poor OS compared to TIMP-1-negative DLBCLs. 

TIMP-1 expression did not correlate with stage, IPI score, GC phenotype or EBV 

infection status, suggesting that TIMP-1 might be an independent prognostic 

factor for DLBCL. (Choi et al. 2006) High-level TIMP-1 expression has been 

demonstrated in ALK-positive anaplastic large cell lymphoma (ALCL) cell lines 

and tumour samples, whereas ALK-negative tumours showed lower levels of 

TIMP-1 expression. TIMP-1 immunostaining was detected in all ALK-positive 

ALCLs, but only in a minority of ALK-negative ALCLs. TIMP-1 expression was 

restricted to macrophages in the majority of TIMP-1-positive tumours. (Rust et al. 
2005) 

In childhood B-cell non-Hodgkin lymphomas, MMP-9 immunohistochemical 

positivity was associated with the presence of B symptoms, but did not correlate 

with survival in a patient material of limited size (Citak et al. 2008a). In 

childhood Hodgkin lymphoma with a very limited material, 

immunohistochemically detected expression of MMP-2 in malignant cells 

correlated with nodular sclerosis subtype and that of MMP-9 in reactive 

lymphocytes correlated with B symptoms, whereas low TIMP-1 expression in 

reactive lymphocytes was associated with advanced stage (Citak et al. 2008b). In 

another immunohistochemical study with childhood lymphoma, MMP-9 or 

TIMP-1 staining did not correlate with lymphoma type, stage or prognosis 

(Bozkurt et al. 2008). 

Tumours from patients with active multiple myeloma (MM) have been shown 

to express higher levels of MMP-2 mRNA and protein than tumours from patients 

with non-active MM, whereas MMP-9 levels were similar in all patient groups 

(Vacca et al. 2000). In patients with mycosis fungoides (MF), the expression of 

MMP-2 and MMP-9 mRNAs has been found to be significantly upregulated in 

patients with advancing stage of MF (Vacca et al. 1997, Vacca et al. 2000). One 

study has shown that acute myelogenous leukaemia (AML) patients with lower 

MMP-9 levels tend to have longer survival times than those with high levels (Lin 

et al. 2002). Another study showed that 82% of the MMP-2 positive patients 

survived for more than 3 years, whereas all MMP-2 negative patients relapsed 

within 13.5 months of diagnosis (Kuittinen et al. 1999). Only Kuittinen et al. 
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(2001) have studied the role of MMP-2 and MMP-9 expression in the clinical 

course of acute lymphoblastic leukaemia (ALL). MMP-2 expression correlated 

with an extramedullary disease pattern, and a trend towards worse survival could 

be observed in cases with MMP-9 positive blasts (Kuittinen et al. 2001). 

2.6 Gelatinases and their tissue inhibitors as circulating markers 

Recently, the potential role of circulating gelatinases and TIMPs as prognostic 

markers in solid malignant tumours has been under evaluation, and in many types 

of solid tumours, circulating levels of gelatinases and TIMPs have been shown to 

exhibit prognostic value.  

2.6.1 Gelatinases and their tissue inhibitors as circulating markers in 
solid tumours 

In preoperative serum samples, low levels of MMP-9 have been detected to 

associate with an increased risk of relapse in primary breast carcinoma 

(Talvensaari-Mattila & Turpeenniemi-Hujanen 2005b). On the contrary, in 

preoperative serum samples, high levels of MMP-9 have been shown to correlate 

with shortened relapse-free and cause-specific survival in HNSCC (Ruokolainen 

et al. 2005b). In lung cancer, high serum MMP-9 was also associated with poor 

survival (Ylisirniö et al. 2000). 

High levels of TIMP-1 in preoperative serum samples have been detected to 

be associated with an increased risk of relapse in primary breast carcinoma 

(Talvensaari-Mattila & Turpeenniemi-Hujanen 2005a). In primary breast 

carcinoma, high levels of TIMP-1 in preoperative plasma samples, but not in 

postoperative samples, were found to associate with an increased risk of systemic 

relapse (Kuvaja et al. 2008). A high serum level of TIMP-1 was also found to 

correlate with shortened survival in HNSCC (Ruokolainen et al. 2005a), ovarian 

carcinoma (Rauvala et al. 2005), lung cancer (Ylisirniö et al. 2000) and colorectal 

cancer (Holten-Andersen et al. 2000). 

High postoperative serum MMP-2 has been found to correlate with adverse 

prognosis in breast carcinoma (Leppä et al. 2004). On the contrary, in 

preoperative serum samples of patients with breast carcinoma, low levels of 

active MMP-2 have been detected to associate with shortened relapse-free 

survival, while low levels of total proMMP-2 correlated with high grade and stage 

(Kuvaja et al. 2006). In colorectal carcinoma, high preoperative serum MMP-2 



 55 

was associated with shorter survival (Oberg et al. 2000). In urothelial carcinomas, 

a correlation between elevated circulating proMMP-2 level and tumour 

recurrence has been found (Gohji et al. 1996, Staack et al. 2006). However, in 

bladder cancer, low serum levels of proMMP-2 and MMP-2-TIMP-2 complex 

were found to correlate with adverse prognosis (Vasala et al. 2008b, Vasala 

&Turpeenniemi-Hujanen 2007).  

In bladder cancer, serum concentrations of TIMP-2 were detected to be 

significantly lower than in healthy controls, and low levels of TIMP-2 were 

associated with poor prognosis (Vasala & Turpeenniemi-Hujanen 2007). However, 

data on the prognostic value of circulating TIMP-2 are still few. 

2.6.2 Circulating gelatinases and their tissue inhibitors in 

lymphomas 

Even though there are a lot of studies on the role of circulating gelatinases and 

their tissue inhibitors in solid cancers, the data on their significance in lymphomas 

are still scarce. In an experimental murine thymic lymphoma model, there was a 

3-fold increase in serum MMP-9 in mice bearing thymic lymphoma compared 

with those found in normal animals, and a correlation between MMP-9 serum 

levels and the size of the tumour was also found (Aoudjit et al. 1997). 

In patients with Hodgkin lymphoma, TIMP-1 levels in plasma were within 

the same range as those in plasma from healthy controls (Oelmann et al. 2002). In 

lymphoma-affected dogs, both plasma MMP-2 and MMP-9 have been shown to 

be elevated compared to healthy control dogs. Additionally, elevated plasma 

levels of MMP-2 and MMP-9 correlated with B symptoms, but not with other 

prognostic factors or survival. (Gentilini et al. 2005) Hazar et al. (2004) have 

measured the levels of MMP-2 and MMP-9 in serum of patients with Hodgkin 

and non-Hodgkin lymphoma. Neither MMP-2 nor MMP-9 was associated with 

clinical parameters or survival of the patients. Serum levels of MMP-9 were 

significantly higher in patients with Hodgkin lymphoma and non-Hodgkin 

lymphoma compared to healthy controls, but a similar difference could not be 

detected in MMP-2 levels (Hazar et al. 2004). 

In cerebrospinal fluid (CSF) samples of patients with CNS lymphoma, 

increased white blood cell count and high MMP-9 concentration had a strong 

correlation with abnormal CSF cytology, whereas MMP-2 did not correlate with 

lymphomatous meningitis. Additionally, activated MMP-9 appeared and 
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disappeared depending on the activity of lymphomatous meningitis. (Wong et al. 
2007) 

2.7 p53 in cancer 

TP53 is a tumour suppressor gene that encodes the p53 protein regulating the 

transcription of several genes, and plays a key role in many cellular pathways 

controlling cell proliferation, cell survival and genomic integrity (Ko & Prives 

1996, Hainaut & Wiman 2007). Wild-type TP53 acts in response to various 

signals of cellular stress, such as DNA damage, to mediate antiproliferative 

processes, such as cell cycle arrest or apoptosis (Giaccia & Kastan 1998, Hainaut 

& Wiman 2007). Disrupting its function promotes checkpoint defects, genomic 

instability and inappropriate survival, leading to the uncontrolled proliferation of 

damaged cells (Hainaut & Wiman 2007). The proliferative advantage given by its 

inactivation and the fact that it is ubiquitously expressed explain why it is 

frequently found to be mutated in almost every type of cancer (Hainaut & 

Hollstein 2000). TP53 may thus be a potential marker for malignant 

transformation, tumour aggressiveness and treatment outcome in a wide range of 

cancers (Hainaut & Wiman 2007). 

The half-life of wild-type p53 protein is short and it cannot be visualised by 

immunohistochemistry (IHC). Mutations of the TP53 gene result in the 

production of a protein with an abnormal structure and prolonged half-life that 

accumulates in the nucleus, resulting in immunohistochemically detectable over-

expression. Earlier observations have shown that the majority of TP53 mutations 

are missense mutations that accumulate in cancer cells and can thus be detected 

by IHC. However, it has previously been admitted that IHC would not be suitable 

as a screening method for mutations since all types of mutations are not detected. 

Sequencing of the complete coding sequence of TP53 shows that 10–25% of the 

mutations are truncating mutations (nonsense, frameshift or splice site mutations) 

that are not detected by IHC since they do not lead to a stable protein. Moreover, 

some cancer cases with IHC positive cells do not carry a mutation, but the 

positivity may result from the accumulation of the wild-type protein in response 

to cellular stress signals. (Hainaut & Wiman 2007) 

When only studies that have used gene sequencing to assess TP53 mutation 

status are taken into account, TP53 appears to be of prognostic value in a variety 

of solid cancers (Hainaut & Wiman 2007). Association with poor prognosis has 

repeatedly been reported for breast (Berns et al. 1998), bladder (Shiraishi et al. 
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2003) as well as head and neck cancer (Erber et al. 1998). Results for colorectal, 

lung and oesophageal cancers are more heterogeneous, but the majority of studies 

have found an association with poor prognosis (Borresen-Dale et al. 1998, de 

Anta et al. 1997, Kihara et al. 2000).  

2.7.1 p53 as prognostic factor in lymphomas 

In comparison to other cancers, the incidence of TP53 mutations in 

haematological malignancies is low. However, TP53 mutations are quite frequent 

in these diseases as well, and they have been shown to correlate with 

unfavourable prognosis and chemotherapy resistance (Prokocimer & Rotter 1994, 

Preudhomme & Fenaux 1997, Krug et al. 2002). TP53 mutations have been 

reported in 10–20% of various non-Hodgkin lymphomas (Koduru et al. 1997). 

At the time of diagnosis of follicular lymphoma, TP53 mutations are present 

infrequently and are usually associated with histological transformation (Sander 

et al. 1993, Lo Coco et al. 1993, Davies et al. 2005). p53 protein expression has 

also been found to associate with transformation of FL (Sander et al. 1993, 

Symmans et al. 1995). In the study of O’Shea et al. (2008), TP53 mutation was 

found in 6% of the FL patients at diagnosis, and it identified a high-risk group of 

patients with shortened time to progression and poorer OS. Llanos et al. (2001) 

have investigated the clinical significance of p53 expression in a material of 49 

FL patients, in which p53 turned out to be associated with a short relapse-free 

time, but failed to correlate with OS. 

In the study of Koduru et al. (1997), containing patients with several types of 

B-cell non-Hodgkin lymphomas, both TP53 mutations and p53 protein expression 

had a negative influence on survival, although their prognostic impact was not 

statistically significant. 

In DLBCL, Young et al. (2007) identified 24 TP53 mutations in 113 patients 

(21%), and there was no difference in the frequency of mutations in molecular 

subgroups of DLBCL. The presence of any TP53 mutation correlated with poor 

OS, but DNA-binding mutations were the most significant predictor of poor OS 

(Young et al. 2007). In a later study of Young et al. (2008), TP53 mutations were 

detected in 102 of 477 patients (21%) with DLBCL, and the OS of patients with 

TP53 mutation was significantly worse than of those with wild-type TP53. 

Mutations in the TP53 DNA-binding domains were again the strongest predictors 

of poor OS, but also Loop-Sheet-Helix and Loop-L3 mutations were associated 

with decreased OS. TP53 mutations also divided patients with GC phenotype of 
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DLBCL into molecularly distinct subsets with different survivals. (Young et al. 
2008) In DLBCL, p53 protein expression in more than 75% of the malignant cells 

has been found to associate with inferior OS in univariate analysis, and it was 

shown to add prognostic information to the IPI in terms of OS in multivariate 

analysis (Jerkeman et al. 2004). 

Some authors have investigated p53 protein expression in combination with 

p21 protein expression. p21 is a downstream effector of the activation of the p53 

pathway and its induction determines cell cycle arrest. Mutations of TP53 result 

in the production of an abnormal protein, which is unable to induce p21 

expression. Consequently, the lack of p21 expression correlates strongly with the 

existence of TP53 mutation (Chilosi et al. 1996). Immunohistochemically 

detected p53+/p21- phenotype has been shown to correlate with inferior survival 

in patients with low- and intermediate-risk DLBCL (Leroy et al. 2002) and in 

patients with GC phenotype of DLBCL (Visco et al. 2006). 

In mantle cell lymphoma, both TP53 mutations and high p53 protein 

expression were reported to associate with poor prognosis (Greiner et al. 1996). 

In the study of Takahara et al. (2004), TP53 missense mutations were 

significantly related to worse cause-specific survival in patients with nasal NK/T-

cell lymphoma. In the study of peripheral T-cell lymphomas, independent p53 

protein expression did not correlate with survival, but when confined to the Bcl-2 

over-expressing patient group, p53 over-expression was significantly associated 

with poor OS (Jung et al. 2006). 

In Hodgkin lymphoma, TP53 mutations occur only in a minor fraction of 

cases, the highest incidence being approximately 10% of cases (Montesinos-

Rongen et al. 1999, Maggio et al. 2001), and data on the clinical and prognostic 

role of the mutations in HL is lacking. Thus, the prognostic role of p53 expression 

in HL patients is more controversial than in non-Hodgkin lymphomas. There are 

studies demonstrating an association between p53 protein expression and adverse 

prognosis in HL (Montalbán et al. 2004, Garcia et al. 2003, Smolewski et al. 
2000). However, many other studies have failed to find a correlation between p53 

expression and prognosis of HL patients (Xerri et al. 1994, Morente et al. 1997, 

Spector et al. 2005, Pinheiro et al. 2007). In addition, in the study of Brink et al. 
(1998), the authors found a correlation between high p53 expression and 

favourable outcome of HL patients. 
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3 Aims of the present study 

Lymphomas are sensitive to chemotherapy and radiotherapy, and good responses 

are achieved even with short treatments. Most lymphomas are treated with 

curative intention, and aggressive treatments usually offer better chances of total 

cure, but they also entail an increased risk of toxicity, causing side effects and 

even treatment-related mortality. Hence, better tools are required to identify the 

patients at the highest risk of relapse to be treated with the most intensive 

treatment protocols and to be followed up longer, while low-risk patients could be 

treated and followed up with lower intensity to decrease both side effects and 

costs. 

Gelatinases (MMP-2 and MMP-9) have been demonstrated to exhibit 

prognostic significance in a wide variety of solid tumours, whereas data on the 

prognostic value of other matrix metalloproteinases are modest. Furthermore, the 

tissue inhibitors of gelatinases (TIMP-1 and TIMP-2) have been found to have 

clinical value in solid cancers. Although lymphomas differ considerably from 

solid tumours biologically, there is some evidence that gelatinases and their 

inhibitors could also have clinical significance in lymphomas. Nevertheless, data 

on the biological and clinical role of these molecules during lymphoma 

progression are still few. Particularly studies in patients treated with modern 

immunochemotherapy and studies on their role as circulating markers are rare. 

The specific aims of this study were: 

1. To assess the clinicopathological role and possible prognostic value of the 

tissue expression of the tissue inhibitors of matrix metalloproteinases-1 and -

2 (TIMP-1 and -2) in Hodgkin lymphoma. 

2. To evaluate the prognostic and clinical implications of immunoreactive 

proteins of the matrix metalloproteinases-2 and -9 (MMP-2 and -9), TIMP-1, 

TIMP-2 and p53 in follicular lymphoma. 

3. To find out whether tissue expression of MMP-2, MMP-9, TIMP-1 or TIMP-

2 correlates with germinal centre phenotype and whether they could be used 

as prognostic markers in diffuse large B-cell lymphoma in patients treated 

with CD20 antibody and modern chemotherapy. 

4. To find out whether the plasma concentrations of MMP-9, proMMP-2, MMP-

2-TIMP-2 complex, TIMP-1 or TIMP-2 could reflect the clinical course of 

different subtypes of lymphoma and whether they could be used as follow-up 

markers predicting the risk of lymphoma relapse. 
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4 Materials and methods 

4.1 Patient material 

The patient material consisted of 375 patients with different subtypes of 

lymphoma; study IV also included 44 healthy controls. Detailed distribution of 

lymphoma subtypes is presented in Table 8. 

Table 8. Patient and control material of the present study. 

Lymphoma subtype or healthy controls No. of tumour 

tissue samples (% of cases) 

No. of plasma 

samples (% of cases) 

Paraffin-embedded tumour samples 249 (100)  

Plasma samples  170 (100) 

Hodgkin lymphoma 68 (27.3) 31 (18.2) 

Nodular sclerosis 35 (14.1) 20 (11.8) 

Mixed cellularity 15 (6.0) 2 (1.2) 

Lymphocyte-rich 16 (6.4) 8 (4.7) 

Lymphocyte-depleted 2 (0.8) 0 (0) 

NLPHL 0 (0) 1 (0.6) 

Follicular lymphoma 67 (26.9) 38 (22.4) 

Diffuse large B-cell lymphoma 114 (45.8) 29 (17.1) 

CLL*/small lymphocytic B-cell lymphoma 0 (0) 3 (1.8) 

MALT lymphoma 0 (0) 6 (3.5) 

Mantle cell lymphoma 0 (0) 7 (4.1) 

Burkitt’s lymphoma 0 (0) 2 (1.2) 

T-cell lymphomas 0 (0) 4 (2.4) 

Skin lymphomas 0 (0) 6 (3.5) 

Healthy controls 0 (0) 44 (25.9) 

Total 249 (100) 170 (100) 

*CLL, chronic lymphocytic leukaemia 

4.1.1 Diagnostic work-up and treatment 

The lymphoma diagnoses were based on the histopathological examination of 

lymph node or extranodal tumour tissue samples of 375 lymphoma patients who 

were treated for their lymphoma at the Department of Oncology and 

Radiotherapy in Oulu University Hospital between the years 1980–2006. The 

diagnostic work-up included history and physical examination, histopathological 

examination of the lymph node or extranodal tumour sample, blood chemistry, 
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thoracic and abdominal CT or thorax native x-ray and abdominal ultrasound, as 

well as bone marrow aspiration and biopsy sample. At the beginning of the study 

period, staging laparotomy was performed on the Hodgkin lymphoma patients 

scheduled for mantle field irradiation without chemotherapy. 

In Hodgkin lymphoma, mantle field irradiation without a subdiaphragmatic 

field (40 Gy, 2.0 Gy/fraction, 5 fractions/week) was used in patients diagnosed 

with stage I or IIA disease. At the end of the study period (1987–1997), patients 

with stage II disease and bulky tumour were treated with a combination of 

chemotherapy and radiotherapy. The patients with stages IIB-IV underwent 6–8 

cycles of hybrid mechlorethamine, vincristine, procarbazine, and prednisone 

(MOPP)-ABVD or ABVD chemotherapy combination followed by involved field 

radiotherapy of 36 Gy on the primary site of bulky tumour or on the residual 

tumour. The number of chemotherapy cycles was chosen according to the 

treatment response, and two cycles were administered after achievement of the 

CR. 

IFRT (30–40 Gy) was used as primary treatment in patients diagnosed with 

stage I or II follicular lymphoma. Patients with advanced stage (III-IV) were 

primarily treated with different types of chemotherapies according to their 

performance and preferences (CHOP or COP). Seven out of the 67 patients were 

treated frontline with CD20 antibody combined with CHOP chemotherapy. 

For patients with diffuse large B-cell lymphoma, CHOP or CEOP regimen 

was used as chemotherapy for all curatively treated patients whose treatments 

were initiated between 1999–2001. Since 2001, patients 65 years and younger 

whose IPI was at least 1 were treated with CHOEP regimen. Patients aged 65 or 

younger whose IPI was at least 3 were considered to be treated with primary high-

dose chemotherapy and autologous stem cell transplantation. Since 2001, 

rituximab was administered to patients older than 65, and since 2003 to all 

patients. Adjuvant radiotherapy was administered to patients with a bulky tumour 

(> 7.5 cm) or residual tumour mass, and after individual case selection also to 

those with extranodal lesions. Of the 114 patients in study III, 61 were treated 

frontline with CHOP or CEOP regimen, 20 with CHOEP regimen and 1 with 

primary high-dose chemotherapy with ASCT. Out of these 82 patients, 52 were 

treated frontline with rituximab, and adjuvant radiotherapy was administered to 

50 patients. The rest of the patients (33) were not suitable for anthracycline-

containing chemotherapy and were treated only with palliative chemotherapy or 

radiotherapy. Patients who had not been treated with curative intention were not 

included in survival analyses. 
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The patient material in study IV included 126 patients with nine different 

lymphoma subtypes. At the time of inclusion in the study, 16 patients had been 

treated with radiotherapy, 37 patients with chemotherapy and 60 patients with 

combined chemotherapy and radiotherapy. Treatments of 13 newly diagnosed 

patients had not been initiated before obtaining the plasma sample. Treatment 

choices were made according to the current recommendations for each lymphoma 

subtype. 

4.2 Immunohistochemistry 

Paraffin sections of 3–4 μm were incubated at 37°C for at least 4 hours, usually 

overnight, dewaxed in Histo-Clear, and hydrated in a descending alcohol series. 

Endogenous peroxidase activity was blocked by hydrogen peroxide incubation, 

after which non-specific binding was blocked. For stainings with p53 antibody, 

the sections were pre-treated by microwaving with 10 mM citrate buffer and for 

stainings with CD10, Bcl-6 and MUM-1 antibodies with Tris-EDTA before 

antibody incubation. In study I, the immunohistochemical staining of lymph node 

samples was performed by the avidin-biotin immunoperoxidase method modified 

from the original avidin-biotin immunoperoxidase staining method developed for 

histological samples (Hsu et al. 1981). The mouse monoclonal (primary) 

antibodies for each detected molecule, antibody dilutions and primary antibody 

incubation times are presented in Table 9. The specimens were incubated 

overnight in a humidified chamber at room temperature, and staining was 

continued by using a Histostain-bulk kit (Zymed, San Francisco, CA, USA) in 

study I and a LSAB2 System-HRP kit (Dako, DakoCytomation, Inc., Carpinteria, 

CA, USA) in study II and III according to the manufacturer’s instructions. 

Biotinylated anti-mouse immunoglobulin G (IgG) was used as a second antibody, 

and the peroxidase was introduced with a streptavidin conjugate. Between all the 

stages of the procedure, the sections were washed thoroughly with phosphate-

buffered saline (PBS). The antibody reaction was visualised by using a fresh 

substrate solution (AEC, Zymed, San Francisco, CA, USA in study I; DAB, Dako, 

DakoCytomation, Inc., Carpinteria, CA, USA in study II and III). The 

immunohistochemical staining for CD10, Bcl-6 and MUM-1 was performed 

using Dako REALTM EnVisionTM Detection System (K5007, DakoCytomation, 

Glostrup, Denmark) according to the manufacturer’s instructions. Finally, the 

slides were counterstained with haematoxylin, dehydrated and mounted. 
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Previously known positive control samples were used in each set of staining. 

For negative controls, mouse non-immuno IgG served as the primary antibody 

replacing the MMP, TIMP, factor VIII, p53, CD10, Bcl-6 and MUM-1 antibodies. 

The principle of the immunohistochemical staining method is illustrated in Fig. 4. 

The immunohistochemical methods are presented in more detail in original article 

I. 

Table 9. Primary antibodies for each detected molecule, antibody dilutions and 

primary antibody incubation times in studies I-III. 

Study Detected 

molecule 

Primary antibody, 

manufacturer 

Dilution Incubation 

time 

I MMP-2 Ca-4001, Diabor Ltd., Oulu, Finland 4.2 μg/mL 1 h 

II   5 μg/mL  

III   3 μg/mL  

I MMP-9 Ge-231C, Diabor Ltd., Oulu, Finland 36 μg/mL 1 h 

II   7 μg/mL overnight 

III   10 μg/mL overnight 

I TIMP-1 R&D Systems, Minneapolis, MN, USA 20 μg/mL overnight 

II & III  NCL-TIMP-1 antibody, Novocastra  

Laboratories Ltd., Newcastle upon Tyne, UK 

1:75 1 h 

I TIMP-2 R&D Systems, Minneapolis, MN, USA 20 μg/mL overnight 

II  SC-21735 TIMP-2 antibody, clone 3A4, 

Santa Cruz Biotechnology, Inc., 

Santa Cruz, CA, USA 

3 μg/mL 1 h 

III   2 μg/mL 1 h 

I Factor VIII Dako A/S, Glostrup, Denmark 19 μg/mL overnight 

II p53 protein p53-DO7, Novocastra Laboratories Ltd., 

Newcastle upon Tyne, UK  

1:50 1 h 

III CD10 NCL-CD10-270, Novocastra, 

Newcastle upon Tyne, UK 

1:100 30 min 

III Bcl-6 anti-human Bcl-6 antibody, 

DakoCytomation, Glostrup, Denmark 

1:50 30 min 

III MUM-1 anti-human MUM-1 antibody, 

DakoCytomation, Glostrup, Denmark 

1:100 30 min 
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Fig. 4. The principle of (A) the immunohistochemical staining method, (B) ELISA for 

MMP-9, proMMP-2, TIMP-1 and TIMP-2 assays and (C) ELISA for MMP-2-TIMP-2 

complex assay. 
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4.3 Sample evaluation 

For studies I-III, the stained tumour sections were reviewed and the stainings 

analysed by two independent observers blinded to the clinical data. The analysis 

of MMP and TIMP stainings was performed according to the presence of positive 

staining in study I separately in Reed-Sternberg cells or large neoplastic cells and 

in reactive stromal cells surrounding the malignant cells, and in study II 

separately in centrocytes and centroblasts. In study I, positive staining in 

malignant cells correlated strongly with that in stromal cells, so the correlations 

were calculated according to the maximal intensity of the staining in either 

malignant or reactive cells. In study III, positive staining only in large malignant 

centroblasts of DLBCL was taken into account. Each slide was graded according 

to the intensity of staining and the magnitude of positive cells on a scale from 0 to 

3. Level 0 presents a totally negative sample. Level 1 presents a barely detectable 

light staining or a few strongly positive cells. Clearly detectable staining in most 

of the cells or strong staining in less than half of the cells was scored as level 2. A 

strong positivity occupying most of the sample was graded as level 3. If the 

sample contained areas with different intensities, the sample was scored according 

to the most intensive staining. The analyses were made in these four categories of 

expression. In studies II and III, negative cases and positivity at level 1 were 

combined as low expression level, and positivity levels 2 and 3 were combined as 

high expression level. 

The factor VIII immunohistochemical staining was positive in the endothelial 

cells in vessel walls. The analysis was performed counting the numbers of blood 

vessel cross-sections from 20 different high-power microscopic fields. These 

fields were chosen from the parts of the tumour showing the most pronounced 

vascularisation. The given numerical value is an average of the calculated fields. 

The evaluation of p53 stainings was performed estimating the percentage of 

positive cells with 40-fold magnification in the whole lymph node sample. The 

stainings were graded on a scale from 0 to 4. On this scale, the staining was 

graded as negative if no positive cells were found. The section was graded 

positive at level 1 when at least two positive cells were found in the whole sample 

but not more than 5% of the cells were positive. The slides were graded as 

positive at level 2, level 3 and level 4 when 6–10%, 11–40% and at least 41% of 

the cells were positive, respectively. Because p53 immunoreactivity in more than 

5% of the cells was quite rare, levels 2–4 were combined and regarded as p53 

over-expression. 
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In study III, immunohistochemical stainings of CD10, Bcl-6 and MUM-1 

only in large malignant centroblasts of DLBCL was quoted as positivity. Staining 

in fibrotic areas surrounding the malignant cells and for MUM-1 in plasma cells 

was ignored. The samples were graded as positive if more than one positive 

malignant cell was detected, and as negative if the whole sample was negative. 

The scoring was based on the algorithm described by Hans et al. (2004), and the 

results of these stainings were used to subclassify the cases accordingly into GC 

and non-GC subgroups (Fig. 2). 

4.4 Enzyme-linked immunosorbent assay 

The plasma samples were obtained from the patients at the time they were 

included in study IV. The venous blood for plasma samples was collected in two 

glass tubes including ethylenediamine tetraacetic acid (EDTA) as anticoagulant, 

allowed to incubate for 30 min at room temperature, and centrifuged at 1800 g for 

10 min. The plasma was then separated, frozen and stored at -70°C until use. The 

enzyme-linked immunosorbent assay (ELISA) was used to detect the levels of 

circulating MMP-9, proMMP-2, MMP-2-TIMP-2 complex, TIMP-1, and TIMP-2 

from the plasma samples. 

A commercial assay kit (MMP-2, Human Biotrak ELISA system, Amersham 

Biosciences, Buckinghamshire, UK) was used to detect the total proMMP-2 

levels. The assay for total proMMP-2 (RNP2617) recognised both free proMMP-

2 and proMMP-2-TIMP-2 complexes. The assay was conducted according to the 

manufacturer’s instructions, and plasma samples were diluted 1:100 in assay 

buffer included in the proMMP-2 assay. The MMP-9, MMP-2-TIMP-2 complex, 

TIMP-1 and TIMP-2 were detected by using 8-well EIA/RIA strips (Corning 

Incorporated, Corning, NY, USA) for microtitre plates. The strips were coated 

with capture (monoclonal) antibody for each molecule and incubated overnight at 

4°C. The monoclonal and polyclonal antibodies used for each molecule and the 

sensitivity and plasma sample dilutions of each assay are presented in Table 10. 

MMP-9, TIMP-1 and TIMP-2 were determined as total amount of all molecules. 

The assay for MMP-2-TIMP-2 complex recognised all complexes of molecules 

including at least one MMP-2 molecule and one TIMP-2 molecule. The blocking 

solution, 1% bovine serum albumine (BSA)/PBS, was then added and the plates 

were incubated for 30 min. The diluted samples and standard dilutions were then 

added. Plates including MMP-9 antibody-coated strips were incubated overnight 

at 4°C. The plates including other antibodies were incubated for 1 h at room 
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temperature. Thereafter, detection antibody (second, polyclonal antibody) for 

each molecule was added and the plates were incubated for 1 h at room 

temperature. Horseradish peroxidase enzyme conjugated antichicken antibody 

(Chemicon International, Inc., Temecula, CA, USA) was added and the plates 

were incubated for 30 min. The reaction was visualised by o-phenylenediamine 

dihydrochloride enzyme substrate (P-1526, Sigma, Steinheim, Germany). The 

absorbances were read at wavelength of 492 nm by Anthos Reader 2001, and 

calculations were done using specific Windows-based control and evaluation 

software for Rosys Anthos Microplate Readers (Anthos Labtec Instruments, Wals, 

Austria). Between each step of the procedure, the wells were thoroughly washed 

with 0.05% Tween/PBS. Each sample was run in duplicate to minimise intra-

assay variation. The absorbance values for standard samples and the standard 

curves constructed for each assay were compared and used to minimise inter-

assay variation. The principle of the ELISA assays is illustrated in Fig. 4. 

Table 10. Monoclonal and polyclonal antibodies, sensitivity and plasma sample 

dilutions of each assay 

Detected 

molecule 

Monoclonal antibody 

(mouse, 10 ug/mL) 

Polyclonal antibody 

(chicken) / dilution 

Sensitivity Dilution 

MMP-9 anti-MMP-9 

antibody GE-213, SBA 

polyclonal anti-MMP-9 

antibody DB-209, 

SBA / 0.5 μg/mL 

1 ng/mL 1:2 

MMP-2-TIMP-2 

complex 

anti-human TIMP-2 

antibody MAB9711, 

clone 127711 R&D 

polyclonal anti-MMP-2 

antibody DB-202, 

SBA / 5 μg/mL 

1 μg/mL 1:40 

TIMP-1 anti-human TIMP-1 

antibody MAB970, 

clone 63515, R&D 

Polyclonal anti-TIMP-1 

antibody, SBA / 0.5 μg/mL 

0.5 ng/mL 1:40 

TIMP-2 anti-human TIMP-2 

antibody MAB9711, 

clone 127711, R&D 

polyclonal anti-TIMP-2 

antibody DB-205, 

SBA / 5 μg/mL 

1 μg/mL 1:40 

4.5 Statistical analysis 

The correlations between immunoreactivity for p53, MMP-2, MMP-9, TIMP-1, 

TIMP-2, factor VIII and clinical parameters were tested by chi-square test. The 

correlation between continuous and categorical variables was tested by Mann-
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Whitney U-test if only two different categories existed, and by Kruskall-Wallis H-

test for categorical variables with more than two categories. 

The correlations between plasma concentrations of MMP-9, proMMP-2, 

MMP-2-TIMP-2 complex, TIMP-1 and TIMP-2 and clinical parameters were 

tested by Student t-test or analysis of variance for normally distributed variables. 

Mann-Whitney U-test or Kruskall-Wallis test was used for continuous variables 

otherwise normally distributed. When investigating differences between more 

than two groups, analysis of variance or Kruskall-Wallis test was used according 

to the distribution of variables. Student t-test or Mann-Whitney U-test was used if 

only two different groups existed. If differences between different groups were 

detected in analysis of variance, their significances were tested by Scheffe’s test. 

The cut-off value for each molecule for survival analyses was extracted from the 

receiver operating characteristics (ROC) curve. The patients were divided into 

two groups according to their plasma levels (under or above the optimal cut-off 

value), and the risk of relapse was analysed by Kaplan-Meier analysis. The hazard 

ratio and 95% confidence interval (CI) were analysed by Cox regression model. 

In study IV, proMMP-2/TIMP-2 and MMP-9/TIMP-1 molar ratios were 

calculated according to the molecular weights and concentrations of each 

molecule. 

The skewness of the distribution was determined using Kolmogorow-

Smirnov test with Lillefors significance correction. Pearson correlation was used 

to test for correlation between normally distributed continuous variables and 

Spearman correlation between continuous variables otherwise normally 

distributed or categorical variables. Overall survival was calculated from the date 

of diagnosis to the date of the last follow-up visit or death. Cause-specific 

survival was calculated from the date of diagnosis to the date of the last follow-up 

visit or death from lymphoma; patients who had died because of other reasons or 

lost from the follow-up were censored. Relapse-free survival was calculated from 

the date of diagnosis to the date of the last follow-up visit or the first relapse. 

Patients lost from the follow-up were censored. Survival analyses were first 

performed by Kaplan-Meier analysis and the significance was determined by log-

rank test. The stepwise proportional hazard regression model of Cox was used for 

univariate and multivariate analyses. P-values < 0.05 were considered statistically 

significant. All statistics were performed using the Statistical Package of Social 

Sciences software (SPSS, Chicago, IL, USA). 
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4.6 Ethical aspects 

In our laboratory, tissue sections have been handled with caution and following 

good laboratory practise. The sections have been marked with codes that do not 

refer to the patient’s identity. Studies or their results have not affected the 

treatment or follow-up of the patients. The study information is not included in 

the patient records. The literal study material is coded, and information associated 

with patients’ identities has been stored separately from other study material. 

This study is part of the metalloproteinases study protocol (EETTMK: 

17/2002) approved by the Ethics Committee of Oulu University Hospital on 28 

January 2002. Some studies include a large retrospective material. In this case, it 

is not always possible to obtain permission for the study from the patient himself 

due to death or discontinuation of treatment. That is why we have applied for 

permission from the National Authority of Medicolegal Affairs to use tissues in 

research (Permission to use paraffin-embedded tissue sections in research, Dnro 

4356/32/300/02). Permission to use patient records in retrospective studies has 

been obtained from the Ministry of Health, so patient records can be obtained 

without a separate permission. In prospective analyses (blood samples) the 

patients received a written informed consent and proof before inclusion in the 

study. 



 71 

5 Results 

5.1 Expression of gelatinases and their tissue inhibitors in 

lymphomas 

5.1.1 Hodgkin lymphoma (I) 

Primary diagnostic lymph node samples were available from 57 Hodgkin 

lymphoma patients. In study I, the samples were stained by immunohistochemical 

method with TIMP-1 and TIMP-2 antibodies. Results of the earlier 

immunohistochemical study on MMP-2 and MMP-9 in Hodgkin lymphoma with 

the same patient material (Kuittinen et al. 2002) were compared with the results 

of the present study. 

The staining patterns of TIMP-1 and TIMP-2 antibody were similar. Positive 

staining was present both in large malignant cells and reactive stromal cells 

(benign small lymphocytes, fibroblasts, endothelial cells of small vessels). The 

staining was diffuse and localised in the cell cytoplasm. In positive slides, the 

proportion of positive cells varied from a single positive cell surrounded by a 

negative background to areas of almost 100% positivity. Variable staining of 

blood vessel endothelial cells was also detected. In some slides, the vessels were 

totally negative, while in others remarkably intensive staining could be observed. 

Sometimes a tiny line of staining separated endothelial cells from matrix 

lymphocytes. 

In the majority of the sections (71.9%) the malignant cells were negative for 

TIMP-1, 22.8% were graded as positive at level 1, 3.5% at level 2, and 1.8% at 

level 3. Reactive stromal cells were negative for TIMP-1 in 73.7% of the cases, 

and positive at level 1 in 21.1%, at level 2 in 3.5%, and at level 3 in 1.8% of the 

cases. TIMP-2 was graded as negative in malignant cells in 56.5% of the cases, 

while 33.9% were graded as positive at level 1, 1.6% at level 2, and 8.1% at level 

3. In reactive cells the representative percentages were 69.4%, 21.0%, 1.6%, and 

8.1%, respectively. 

Positive staining for TIMP-1 antibody in malignant cells correlated strongly 

with positivity in surrounding reactive stromal cells (P < 0.001). TIMP-2 

expression was also observed simultaneously in both cell compartments (P < 

0.001). Therefore, the staining results of malignant and reactive cells were 

combined and the combined variable was used to analyse the correlations of 
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TIMP-1 and TIMP-2 expression with the clinical parameters. Most of the sections 

(57.9%) expressed TIMPs, and hence in more than half of the patients the tumour 

tissue expressed either TIMP-1 (33.3%) or TIMP-2 (46.8%) or both (22.8%). A 

total of 66.7% of the sections were negative for TIMP-1 and 53.2% for TIMP-2. 

No correlations between either TIMP-1 and MMP-2 or MMP-9 expression or 

between the expression of TIMP-2 and MMP-2 or MMP-9 were observed. 

5.1.2 Follicular lymphoma (II) 

The material of study II consisted of 67 patients with follicular lymphoma, whose 

diagnostic lymph node tissue sections were stained by IHC using specific 

monoclonal antibodies for MMP-2, MMP-9, TIMP-1 and TIMP-2. 

The staining patterns for MMP-2, MMP-9, TIMP-1 and TIMP-2 were similar. 

Positive staining could be detected in both large centroblasts and small 

centrocytes as well as in the surrounding connective tissue. The staining appeared 

as diffuse and localised in the cell cytoplasm. In positive sections, the proportion 

of positive cells varied from a single positive cell against a negative background 

to sheets of with almost 100% positivity of the cells. Blood vessel endothelial 

cells were mainly positively stained, but cases with totally negative endothelial 

cells were found as well. 

The majority of the samples were stained as positive for MMP-2 and MMP-9. 

A significant proportion of TIMP-1 stainings were negative, whereas all the cases 

were graded as positive for TIMP-2 at least at level 1. The staining results are 

presented in Table 11, in which staining in centroblasts and centrocytes is 

reported separately. 

The centroblasts or centrocytes were negative for MMP-2 in only a minority 

of the sections, and all the cases were graded as positive for TIMP-2 in both 

centroblasts and centrocytes (Table 11). For TIMP-1 the cells appeared mostly as 

low-degree positive (+) or negative, whereas for MMP-9 the cells showed more 

often positive and particularly strongly positive (+++) staining when compared to 

TIMP-1 expression (Table 11). 
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Table 11. Percentages of the samples of FL with different intensities of staining in 

centroblasts/centrocytes. 

Antibody used negative + ++ +++ 

MMP-2 1.5% / 6.0% 13.4% / 40.3% 44.8% / 35.8% 40.3% / 17.9% 

MMP-9 6.0% / 14.9% 26.9% / 37.3% 38.8% / 25.4% 28.4% / 22.4% 

TIMP-1 26.9% / 43.3% 44.8% / 40.3% 25.4% / 14.9% 3.0% / 1.5% 

TIMP-2 0% / 0% 14.9% / 22.4% 43.3% / 64.2% 41.8% / 13.4% 

MMP-2, MMP-9, TIMP-1 and TIMP-2 expression in centroblasts correlated 

strongly with the corresponding expression in centrocytes. Moreover, MMP-2 

expression in centroblasts was associated with TIMP-1 expression in both 

centroblasts and centrocytes and with TIMP-2 expression in centroblasts. As 

regards MMP-2 expression in centrocytes, the same correlations were found, but 

it also correlated with TIMP-2 expression in centrocytes. Centroblastic and 

centrocytic MMP-9 expression associated with TIMP-2 expression in both types 

of lymphoma cells. Additionally, centroblastic MMP-9 expression correlated with 

TIMP-1 expression in centroblasts. TIMP-1 expression in centroblasts, but not 

that in centrocytes, also correlated with centroblastic TIMP-2 expression. 

5.1.3 Diffuse large B cell lymphoma (III) 

The patient material of study III consisted of 114 consecutive patients with 

histologically confirmed de novo DLBCL whose paraffin-embedded tumour 

tissue sections from diagnostic samples of a lymph node or extralymphatic site 

were available. The sections were stained immunohistochemically with antibodies 

for MMP-2, MMP-9, TIMP-1 and TIMP-2.  

The staining patterns were quite similar with antibodies for MMP-2, MMP-9 

(Fig. 5), TIMP-1 and TIMP-2. The positive immunoreaction for these antibodies 

appeared as diffuse and localised in the cell cytoplasm. Immunoreaction was 

detected in large malignant centroblasts as well as in the surrounding connective 

tissue, but only staining in malignant cells was taken into account for statistical 

analyses. In positive sections, the proportion of positive cells varied from a few 

positive cells in a negative background to sheets with 100% positivity of the cells. 

MMP-2 was graded as negative in 19.3% of the cases, while 33.3% were 

graded as positive at level 1, 28.9% at level 2 and 17.5% at level 3. MMP-9 

stainings were negative in 24.6% of the cases, 26.3% were positive at level 1, 

26.3% at level 2 and 21.9% at level 3. For TIMP-1, the majority of the cases 

(56.1%) were graded as negative, while 26.3% were graded as positive at level 1, 
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13.2% at level 2 and only 3.5% at level 3. For TIMP-2, the corresponding 

percentages were 28.1%, 28.1%, 27.2% and 16.7%, respectively. 

Tissue expressions of MMP-2, MMP-9, TIMP-1 and TIMP-2 correlated 

strongly with each other in chi-squared test. The expression of MMP-9 was 

strongly associated with the expression of MMP-2 (P < 0.001), TIMP-1 (P < 

0.001) and TIMP-2 (P < 0.001). MMP-2 expression also correlated with the 

expression of TIMP-1 (P = 0.012) and TIMP-2 (P < 0.001), and TIMP-1 

expression was in association with TIMP-2 expression (P < 0.001). 
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Fig. 5. Immunohistochemical staining with MMP-9 antibody representing (A) 

positive staining at level 3, (B) positive staining at level 1 and (C) negative staining. 

A 

B 

C 
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5.2 Correlations of expression of gelatinases and their tissue 
inhibitors with clinical disease presentation 

5.2.1 Hodgkin lymphoma (I) 

Strong correlation was found between the expression of TIMP-1 and the nodular 

sclerosis subtype of HL. A total of 48.3% of the sections from patients with this 

type of HL showed positive staining (P = 0.015). In the other subtypes, TIMP-1 

staining was mostly absent. Among patients with mixed cellularity subtype, 

23.1% of the sections were graded as positive, while in lymphocyte-rich subtype 

only 7.7% of the samples were positive. TIMP-1 expression also correlated with 

the existence of a bulky tumour (largest diameter > 7.5 cm) (P = 0.004). Among 

patients with a bulky tumour, 69.2% of the tumours expressed TIMP-1 protein, 

while among patients without bulky lymphoma, only 23.3% of the sections were 

positive. The expression of TIMP-1 did not correlate with the occurrence of B 

symptoms, stage of the disease or extranodal involvement. 

A correlation was found between TIMP-2 expression and the presence of B 

symptoms (P = 0.032). A total of 60.7% of lymphoma sections from patients with 

B symptoms showed positive staining, while only 33.3% of the slides from 

lymphoma patients without B symptoms showed positivity for TIMP-2. 

Expression of TIMP-2 did not correlate with any of the histological subtypes of 

HL, the existence of a bulky tumour or an extranodal disease. 

5.2.2 Follicular lymphoma (II) 

In follicular lymphoma, high MMP-2 expression in both centroblasts and 

centrocytes was associated with high grade (P = 0.013 and 0.027, respectively). 

Centroblastic MMP-2 expression also correlated with the presence of a bulky 

tumour (P = 0.009). High MMP-9 expression in both types of malignant cells 

correlated with high grade (P = 0.003 and 0.002, respectively). High TIMP-2 

expression in both types of lymphoma cells also associated with high grade (P = 

0.030 and 0.004, respectively) and also had a weak correlation with age 

(Spearman = 0.302 and 0.258, respectively). TIMP-1 expression did not correlate 

with clinical disease parameters. No correlations were found between the stage of 

follicular lymphoma and the expression of the detected molecules. 
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5.2.3 Diffuse large B-cell lymphoma (III) 

In DLBCL, TIMP-2 was associated with high stage (P = 0.026). TIMP-2 was also 

higher in male patients, and the difference between male and female patients was 

statistically significant (P = 0.033). MMP-2, MMP-9, TIMP-1 or TIMP-2 

expression did not correlate with IPI, the existence of B symptoms, bulky tumour 

or the age of the patients. 

5.3 The prognostic value of expression of gelatinases and their 
tissue inhibitors in lymphomas (I-III) 

No correlation between TIMP-1 and TIMP-2 expression and the outcome of 

Hodgkin lymphoma could be detected. This was analysed separately according to 

cause-specific and relapse-free survival and the expression of TIMP-1 and TIMP-

2 immunoreactive proteins. In addition, there was no statistically significant 

difference in survival between TIMP-1 or TIMP-2 positive and negative cases in 

the patient group representing the nodular sclerosis subtype of Hodgkin 

lymphoma. 

In patients with follicular lymphoma, tissue expression of MMP-2, MMP-9, 

TIMP-1 or TIMP-2 did not correlate with relapse-free, cause-specific or overall 

survival or time to transformation in Kaplan-Meier analysis. Although there was a 

difference of 13%, the five-year overall survival rate was not significantly lower 

in patients with high MMP-9 expression compared to patients with low MMP-9 

expression in this material (P = 0.73; 60.0% vs. 73.1%) (Fig. 6). 

In Kapplan-Meier analysis, tissue expression of MMP-2, MMP-9, TIMP-1 or 

TIMP-2 did not correlate with cause-specific, overall or relapse-free survival of 

patients with diffuse large B-cell lymphoma. 
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Fig. 6. Overall survival rates of follicular lymphoma patients according to the level of 

MMP-9. 

5.4 Factor VIII in Hodgkin lymphoma (I) 

In order to study tumour vascularity in Hodgkin lymphoma (I), samples from 57 

cases were stained by IHC with factor VIII antibody. Factor VIII antibody stained 

the endothelial cells of the small blood vessels infiltrating the tumour. Vascular 

density was found to be lower in TIMP-1 positive than in TIMP-1 negative 

tumours. The median vascular density was 29.6 vessel cross-sections/hpf in the 

group of negative TIMP-1 stainings, and 22.8/hpf in the group of positive 

stainings; however, this difference was not statistically significant (P = 0.119). 

Such a difference could not be detected for TIMP-2. 
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Fig. 7. Immunohistochemical staining with p53 antibody representing (A) positive 

staining at level 4, (B) positive staining at level 1, and (C) negative staining. 

A 

B 

C 
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5.5 p53 expression and its prognostic value in follicular 
lymphoma (II) 

In study II, diagnostic lymph node tissue sections from 67 follicular lymphoma 

patients were stained immunohistochemically with a specific antibody for p53 

protein. 

The positive immunoreaction for p53 was distinct and localised in the nuclei 

of the malignant cells in both centroblasts and centrocytes (Fig 7). The proportion 

of positive cells in the sections varied from totally negative to positivity in more 

than 90% of tumour cells. 13.4% of the cases were graded as negative for p53; 

74.6% of the cases were graded as positive at level 1, 4.5% at level 2, 3.0% at 

level 3 and 4.5% at level 4. p53 immunoreactivity associated with MMP-9 

expression in centrocytes, but did not correlate with the expression of other 

molecules detected in study II. 

p53 over-expression (levels 2–4) correlated with high grade (P = 0.011) and 

the presence of a bulky tumour (P = 0.031), and most strikingly, had a strong 

correlation with forthcoming transformation (P = 0.001). Three out of eight 

patients with p53 over-expression in a primary sample of follicular lymphoma 

experienced a disease transformation within a time frame of 31 months. In 

addition, the remaining five patients with p53 over-expression without 

transformation had an aggressive disease course (median OS 32.6 months). Only 

2 out of 59 patients with low p53 expression had a lymphoma transformation. The 

proportion of transformed diseases in the whole material was 7.5%, with a median 

follow-up time of 54.5 months. The p53 over-expression also had a strong inverse 

correlation with the time to transformation (P < 0.001). 

For study II, clinicopathological characteristics of patients and the results of 

univariate analyses for relapse-free and overall survival and the results of 

multivariate analysis for overall survival are presented in Table 12. A multivariate 

analysis was performed for all variables that had been found to be significant at 

univariate analysis. The Cox regression model identified stage (P = 0.003, hazard 

ratio (HR) = 6.42; 1.53–9.20) as the only independent variable influencing the 

relapse-free survival of patients with follicular lymphoma. Although p53 over-

expression was significant in univariate analysis for relapse-free survival, it failed 

to be significant in multivariate analysis. However, in multivariate analysis for the 

overall survival, age (P = 0.001, HR = 1.08/yr of age; 1.04–1.13), B symptoms (P 

< 0.001, HR = 8.69; 3.34–22.62) and p53 over-expression (Fig 8) (P = 0.001, HR 

= 8.07; 2.49–26.18) were all found to be independent prognostic factors. For 
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cause-specific survival, B symptoms (P < 0.001, HR = 7.72; 2.88–20.68) and p53 

over-expression (P = 0.010, HR = 4.3; 1.42–13.19) were independent prognostic 

factors. Age thus contributed to deaths due to other causes. 

Fig. 8. Overall survival rates of follicular lymphoma patients according to the level of 

p53.
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5.6 Correlations of immunohistochemically defined germinal 
centre phenotype and other clinical correlations in diffuse large 

B-cell lymphoma (III) 

Of the 110 cases of DLBCL, 42 (38.2%) were subclassified into GC phenotype 

and 68 (61.8%) into non-GC phenotype. In four cases, tissue material for 

GC/non-GC immunostaining was not available. Immunohistochemically defined 

germinal centre phenotype was not associated with tissue expression of MMP-2, 

MMP-9, TIMP-1 or TIMP-2. There was no significant difference in any survival 

parameters between the patients with GC and those with non-GC phenotype of 

DLBCL, either.  

In Kaplan-Meier analysis for cause-specific, overall and relapse-free survival, 

IPI and stage turned out to be statistically significant prognostic factors (P < 0.05). 

After the follow-up of 57 months, cause-specific survival was 64.1% among 

patients diagnosed before the year 1999–2002, and 75.3% among those who were 

diagnosed in 2003–2006 (P = 0.323). The follow-up time of 57 months was used, 

because the follow-up time of the more newly diagnosed patient group ended 

before 5 years. 

5.7 Plasma concentrations of gelatinases and their tissue 

inhibitors in healthy subjects and in lymphoma patients with an 
active disease or in remission (IV) 

The plasma samples of 44 healthy controls, 31 patients with Hodgkin lymphoma 

and 95 patients with non-Hodgkin lymphoma were analysed by ELISA for MMP-

9, proMMP-2, MMP-2-TIMP-2 complex, TIMP-1 and TIMP-2. The proMMP-

2/TIMP-2 and MMP-9/TIMP-1 molecular ratios were calculated according to the 

molecular weights and concentrations of each molecule. 

Plasma levels of the MMP-2-TIMP-2 complex were significantly higher in 

lymphoma patients with active disease (stationary or progressive lymphoma) and 

in patients in remission when compared to the control group (P = 0.002, Table 13, 

Fig. 9). Similar results could be detected when each major lymphoma subtype 

was analysed separately (Hodgkin lymphoma P = 0.05, follicular lymphoma P = 

0.003, diffuse large B cell lymphoma P = 0.01). Hodgkin lymphoma was the only 

group where the plasma levels of the complex differed significantly in patients 

with active lymphoma compared to those in remission or the control group (P = 

0.006). Among the Hodgkin lymphoma patients the highest values were seen in 
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remission (mean 893.7 ng/mL), being significantly higher than in the control 

group (mean 779.4 ng/mL, P = 0.03). Patients with active disease had the lowest 

levels of the complex (mean 682.9 ng/mL). Such a difference between the levels 

of the complex during active disease or remission could not be detected in other 

major types of lymphoma. 

Fig. 9. Levels of (A) plasma MMP-2-TIMP-2 complex, (B) plasma proMMP-2/TIMP-2 

molar ratio, (C) plasma proMMP-2 and (D) plasma TIMP-2 in patients with active 

lymphoma, patients in remission and in healthy controls. Medians and percentiles of 

2.5%, 25%, 75% and 97.5% are presented in the figure. 

A

C

B

D
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Table 13. Medians and rates of the plasma concentrations of detected molecules in 

different groups of study subjects and P values of differences between the different 

groups. 

Group of study subjects Median (rate) P 

MMP-2-TIMP-2 complex (ng/mL)  0.002 

Active lymphoma 819.4 (371.7-1681)   

Remission 854.2 (521.0-2926)   

Controls 755.8 (476.0-1147)   

proMMP-2/TIMP-2 -ratio  < 0.001 

Active lymphoma 2.41 (1.56-3.37)  

Remission 2.31 (1.64-3.40)  

Controls 1.39 (0.43-2.78)  

proMMP-2 (ng/mL)  < 0.001 

Active lymphoma 1555 (647.7-2462)  

Remission 1489 (923.4-2654)  

Controls 1043 (230.4-1541)  

TIMP-2 (ng/mL)  0.001 

Active lymphoma 182.1 (121.0-244.1)  

Remission 188.7 (128.5-288.6)  

Controls 203.1 (151.4-280.9)  

MMP-9 (ng/mL)  0.02 

Active Hodgkin lymphoma 20.02 (14.40-21.23)  

Hodgkin lymphoma in remission 16.73 (5.72-84.96)  

Controls 13.97 (5.43-103.5)  

Table 14. Medians and rates of the plasma concentrations of detected molecules in 

major subtypes of lymphoma and P values of differences between the different 

subtypes. 

Subtype of lymphoma Median (rate) P 

TIMP-2 (ng/mL)  0.012 

Diffuse large B-cell lymphoma 205.6 (143.1-288.6)  

Hodgkin lymphoma 182.1 (128.5-273.3)  

Follicular lymphoma 180.6 (121.0-265.9)  

MMP-9 (ng/mL)  0.04 

Diffuse large B-cell lymphoma 16.89 (4.96-60.51)  

Hodgkin lymphoma 17.42 (5.72-84.96)  

Follicular lymphoma 11.21 (1.03-333.0)  

MMP-9/TIMP-1 –ratio  0.02 

Diffuse large B-cell lymphoma 0.026 (0.006-0.056)  

Hodgkin lymphoma 0.030 (0.009-0.192)  

Follicular lymphoma 0.019 (0.001-0.493)  
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Plasma molecular ratios of proMMP-2 and TIMP-2 were significantly higher in 

lymphoma patients with active disease and patients in remission when compared 

to the control group (P < 0.001, Table 13, Fig. 9). Similar results could be 

detected when each major lymphoma subtype was analysed separately (P < 0.001 

in all subgroups). No significant difference was found between patients with an 

active lymphoma and those in remission. 

Plasma levels of proMMP-2 were significantly higher in lymphoma patients 

with active disease and in patients in remission when compared to the control 

group (P < 0.001, Table 13, Fig. 9). Similar results could be detected when each 

major lymphoma subtype was analysed separately (P < 0.001 in all subgroups). 

Plasma levels of TIMP-2 were significantly lower in lymphoma patients with 

an active disease and those in remission when compared to the control group (P = 

0.001, Table 13, Fig. 9). Similar results could be detected when each major 

subtype of lymphoma was analysed separately (Hodgkin lymphoma P = 0.001, 

follicular lymphoma P < 0.001), with the exception of diffuse large B-cell 

lymphoma. There was no difference in the plasma levels of TIMP-2 between the 

patient groups with active lymphoma and those in remission. The major 

lymphoma subtypes had different levels of TIMP-2 when all patients were 

analysed together (P = 0.012). The values of TIMP-2 were significantly higher in 

diffuse large B-cell lymphoma than in Hodgkin or follicular lymphoma (Table 14).  

When all the cases were analysed together, there was no significant difference 

in circulating MMP-9 or TIMP-1 levels or in their molecular ratio between active 

lymphoma, remission or control group. There were, however, significant 

differences in the plasma levels of some of these markers between the major 

lymphoma subtypes. 

The values of MMP-9 were significantly lower in follicular lymphoma when 

compared to the patients with diffuse large B-cell or Hodgkin lymphoma (P = 

0.04, Table 14). In addition, the MMP-9/TIMP-1 molecular ratio was at its lowest 

in patients with follicular lymphoma, at intermediate level in patients with diffuse 

large B cell lymphoma, and at its highest in Hodgkin lymphoma (P = 0.02, Table 

14). 

In Hodgkin lymphoma, the plasma concentrations of MMP-9 were, however, 

significantly higher in lymphoma patients with active disease and in patients in 

remission when compared to the control group (P = 0.02, Table 13). Accordingly, 

the same trend was detected in Hodgkin lymphoma in the plasma molecular ratios 

of MMP-9 and TIMP-1, albeit with only borderline significance. The existence of 



 88 

lymphoma, lymphoma subtype, disease status or treatment modality did not affect 

the plasma levels of TIMP-1. 

Sex or age did not affect the circulating levels of these proteins, except for 

values of the complex having a weak positive correlation with age (Spearman = 

0.182). Patients having or having had chemotherapy had higher circulating levels 

of MMP-2-TIMP-2 complex than patients without lymphoma treatment (newly 

diagnosed) (P = 0.002). Treatments did not influence the plasma values of 

proMMP-2, MMP-9, TIMP-1, TIMP-2, MMP-2/TIMP-2 ratio, or MMP-9/TIMP-

1 ratio. 

5.8 Correlations of plasma concentrations of gelatinases and their 
tissue inhibitors with prognosis (IV) 

When all patients who had reached complete response were included in the 

Kaplan-Meier analysis, there was a statistically significant difference in the risk 

of relapse according to the MMP-2-TIMP-2 complex level (under or above 

994.15 ng/mL) (P = 0.036) (Fig. 10.A). The risk of relapse at 24 months from 

obtaining the sample was 7.5% in the group with low levels of the complex and 

22.6% in the high-level group. The hazard ratio for patients in the high complex 

level group was 3.169 (95% CI = 1.006–9.988) when compared to the low 

complex level group. The same, albeit not statistically significant, trend was 

detectable for proMMP-2, MMP-9, TIMP-1, TIMP-2, proMMP-2/TIMP-2 ratio 

(Fig. 10.B), and MMP-9/TIMP-1 ratio. The patients with plasma concentrations 

approaching the levels of healthy controls had the best relapse-free survival, while 

patients with the highest deviation from the control group experienced the worst 

prognosis. No correlation was found between the complex level and the time 

elapsed from the last treatment. The patient material included only 13 newly 

diagnosed patients, whose pre-treatment plasma samples were available. Thus, 

reliable cause-specific or overall survival analyses could not be performed in this 

study. 
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Fig. 10. Relapse-free survival rates of lymphoma patients according to (A) plasma level 

of MMP-2-TIMP-2 complex and (B) plasma proMMP-2/TIMP-2 molecular ratio.  

A B
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6 Discussion 

6.1 Prognostic factors in lymphomas 

Generally, lymphomas are malignancies of lymphoid tissue with an excellent 

prognosis. In many lymphoma subtypes the prognosis of patients is good and the 

treatment results are continuously improving due to new treatment modalities. In 

Hodgkin lymphoma, for example, for patients diagnosed with low-risk disease, 

cure rates even higher than 95% can be expected and in DLBCL, the 4-year 

overall survival for the patients in the group of very good prognosis is 94% (Sehn 

et al. 2007). Therefore, during recent years increasing attention has been focused 

on the long-term side effects of the treatments, such as cardiovascular 

complications and secondary malignancies. On the other hand, more than a half of 

Hodgkin lymphoma patients within the worst-prognosis group experience a 

relapse within five years from diagnosis, and in DLBCL patients with the poorest 

prognosis the 4-year overall survival is still only about 55% (Sehn et al. 2007). 

Today, lymphoma therapies are undergoing rapid evolution. There are very 

effective conventional treatment regimens available that decrease the risk of 

relapse but also predispose patients to severe adverse effects. On the other hand, 

modern treatments, such as maintenance antibody therapy, are costly. It would 

therefore be important to be able to distinguish the patients who are at the highest 

risk and target the most demanding treatments at the right patients. Although 

clinical risk factors are well characterised, there is also a need for new biological 

factors that could be used in the evaluation of the relapse risk of individual 

patients. 

6.2 Clinicopathological correlations of TIMP-1 and TIMP-2 in 
Hodgkin lymphoma 

In Hodgkin lymphoma patients with stage I-IIA disease, the evaluation of risk is 

based on the counting of risk factors, whereas IPS (Table 3) is used for those with 

stage IIB-IV lymphoma. During the 1990s, many biological factors were also 

proposed as new prognostic markers for Hodgkin lymphoma, such as β2 

microglobulin (Dimopoulos et al. 1993), disrupted dendritic reticulum (Alavaikko 

et al. 1994), Ki-67, retinoblastoma and EBV protein (Morente et al. 1998), IL-2 

receptor (Viviani et al. 1997), proliferating cell nuclear antigen (PCNA), p53 and 



 92 

Bcl-2 (Smolewski et al. 1998), but none of these have been accepted into clinical 

practice. 

Thereafter, Kuittinen et al., (2002) have found a correlation between strong 

MMP-2 expression and favourable prognosis of HL. MMP-2 expression was also 

associated with nodular sclerosis subtype. MMP-9 expression correlated with B 

symptoms, but in patients with high MMP-9 expression, there was only a trend 

towards an adverse outcome. (Kuittinen et al. 2002)  

There are no earlier Hodgkin lymphoma studies in which comparisons have 

been done between protein expression of TIMPs and clinicopathological 

parameters. Thorns et al. (2002) have shown TIMP-1 expression in approximately 

68% of Hodgkin lymphoma cases, but clinical correlations were not analysed. In 

the study of Oelmann et al. (2002), TIMP-1 RNA expression was detected in 

malignant cells of all 15 Hodgkin lymphoma cases, and five out of seven 

Hodgkin-derived cell lines expressed TIMP-1 at protein level. No TIMP-2 RNA 

expression was found in malignant cells and only one of the cell lines expressed 

TIMP-2 (Oelmann et al. 2002). 

TIMP-1 has been found to act as a growth factor for a wide range of cells 

(Hayakawa et al. 1992, Lambert et al. 2004). In the present work, we found 

TIMP-1 expression to be more frequent in the nodular sclerosis subtype than in 

other subtypes. In nodular sclerosis Hodgkin lymphoma, there is relatively 

abundant fibrotic stromal tissue in the affected lymph nodes. This finding might 

thus suggest that TIMP-1 plays a role in connective tissue turnover in fibrotic 

areas surrounding malignant cells. In study I, TIMP-1 immunoreactive protein 

was also found to be in association with the existence of bulky tumour. Both of 

these findings are in line with previous studies and suggest that TIMP-1 could act 

as a growth factor for both fibroblasts and malignant cells in HL-affected lymph 

nodes. The results showing that TIMP-1 expression correlates with bulky tumour 

and nodular sclerosis subtype of HL may indicate some interaction between the 

ECM turnover and malignant cells in this type of HL, but the correlation between 

TIMP-1 and bulky tumour may also be explained by the fact that bulky tumours 

are most common precisely in the nodular sclerosis subtype of HL. 

In the present study, TIMP-2 protein expression correlated with the presence 

of B symptoms. This is in line with the findings of Oelmann et al. (2002) that 

TIMP-2 can act as immunosuppressant in vitro by causing almost complete 

suppression of T-cell mediated cytotoxicity. Both results support the hypothesis 

that TIMPs have a complex role in the regulation of inflammatory reactions. 
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The expression of TIMP-1 and TIMP-2 did not associate with each other in 

this study, and they did not correlate with the same clinicopathological 

characteristics of HL, underlining differences in the regulation and biological 

functions of these two molecules. 

6.3 Immunohistochemically defined expression of gelatinases and 

their tissue inhibitors as prognostic factors in lymphomas 

Tissue expression of MMP-9 has been reported to be an indicator of adverse 

prognosis in Hodgkin lymphoma, diffuse large B-cell lymphoma, nasal NK/T-cell 

and non-NK/T-cell lymphomas and large cell immunoblastic lymphoma 

(Kuittinen et al. 2002; 2003, Sakata et al. 2004; 2007, Kossakowska et al. 1992). 

To the best of my knowledge, MMP-9 expression has been shown to associate 

with adverse prognosis in all lymphoma subtypes in which its prognostic 

significance has been studied. In this work, MMP-9 expression correlated with 

high grade in follicular lymphoma, but failed to correlate with survival. The 

association with high grade might, however, implicate its role as a marker of 

biological aggressiveness. In DLBCL, in patients treated with modern 

chemotherapy with or without rituximab, MMP-9 protein expression did not 

correlate with survival parameters. Hence it seems that MMP-9 is associated with 

prognosis in aggressive but not in indolent lymphomas, but in the era of modern 

treatments, MMP-9 has lost its prognostic impact in DLBCL as well. 

In Hodgkin lymphoma, strong MMP-2 expression has been found to be 

associated with favourable prognosis and nodular sclerosis subtype (Kuittinen et 
al. 2002). In other lymphomas, studies concerning the prognostic role of MMP-2 

are lacking. In a material consisting of different non-Hodgkin lymphomas, high 

levels of TIMP-1 mRNAs correlated with clinically aggressive lymphoma 

phenotypes (Kossakowska et al. 1991). In DLBCL, TIMP-1 positivity has been 

demonstrated to associate with poor OS in patients treated with CHOP type 

chemotherapy without rituximab (Choi et al. 2006). There are no data on the 

prognostic significance of TIMP-1 in other lymphoma subtypes, and data on 

TIMP-2 in lymphomas are lacking altogether. In this thesis work, a statistically 

significant correlation was not detected between the levels of positivity with 

TIMP-1 or TIMP-2 antibody staining and cause-specific or relapse-free survival 

of Hodgkin lymphoma patients. The expression of MMP-2, TIMP-1 or TIMP-2 

did not correlate with survival of follicular lymphoma patients. In DLBCL, an 
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association between MMP-2, TIMP-1 or TIMP-2 and survival or germinal centre 

phenotype could not be demonstrated, either. 

When considering different studies concerning tissue expression of 

gelatinases or TIMPs in lymphomas, several differences can be observed. Some 

authors have used immunohistochemical staining of tissue sections like in this 

thesis, whereas others have used tissue microarray immunohistochemisty. In some 

studies, MMP or TIMP expression has been studied at RNA level. This makes 

comparisons between different studies difficult, e.g. with regard to the level of 

tissue expression. In immunohistochemical studies, the staining patterns are 

divergent and the proportions of positively stained cells vary between different 

studies. In this work, the staining pattern in MMP and TIMP stainings was diffuse 

and localised in the cell cytoplasm, and the range in the staining intensities was 

wide, which made it difficult to draw a line e.g. between negative and weak 

positive cases. When compared to p53 IHC, in which the positive 

immunoreaction is distinct, strong and localised in the nucleus, MMP and TIMP 

IHC stainings are difficult to evaluate. In some IHC studies, the intensity of the 

staining was not taken into account when grading the sections, as many staining 

process-related factors were thought to affect the intensity, but the grading was 

made only according to the proportion of positive cells. In this thesis work, the 

precise percentages of MMP or TIMP positivity were not counted, but the 

strength of the stainings was evaluated ocularly. Some of the differences between 

the results of different studies are thus likely to be due to methodological 

differences. 

If immunohistochemical detection of MMPs or TIMPs is planned to be used 

as a prognostic device for a particular disease, it requires a lot of further study to 

standardise the IHC methods. Grading of the cases should be performed 

according to an accurate protocol and there should be a consensus on the 

percentage limits between the different levels of positivity. 

6.4 p53 protein expression as a prognostic factor in follicular 

lymphoma 

Using the FLIPI, follicular lymphoma patients can be divided into three different 

risk groups that have been identified with 10-year overall survival rates ranging 

from 71% to 36% (Solal-Celigny et al. 2004). However, a limitation of the FLIPI 

has been its inability to identify a very poor outcome group, since even the high-

risk group has a 5-year OS of more than 50%. There are many recent studies 



 95 

introducing different biological prognostic factors for follicular lymphoma, such 

as TP53 mutations (O’Shea et al. 2008), tumour sclerosis (Klapper et al. 2007), 

immunohistochemical patterns of reactive microenvironment (Alvaro et al. 2006), 

CD8+ T-cell content (Wahlin et al. 2007), tumour-associated macrophage content 

(Farinha et al. 2005, Taskinen et al. 2007), host immune gene polymorphism 

(Cerhan et al. 2007) and tumour-infiltrating FOXP3-positive regulatory T-cells 

(Carreras et al. 2006). However, the results of these studies are partly 

contradictory. Gene expression profiling may be the most promising method to 

predict the prognosis in follicular lymphoma (Glas et al. 2004; 2007, Dave et al. 
2004, Harjunpää et al. 2006), but it is expensive and time-consuming, and as such 

not suitable for clinical use. At the moment, FLIPI remains the best prognostic 

factor in follicular lymphoma (Solal-Celigny et al. 2004), and it is also used in 

patient selection in clinical trials. 

TP53 mutations have been reported in 10% to 20% of various non-Hodgkin 

lymphomas (Koduru et al. 1997), and they have been shown to be associated with 

unfavourable prognosis and chemotherapy resistance (Prokocimer & Rotter 1994, 

Preudhomme & Fenaux 1997, Krug et al. 2002). In follicular lymphoma, TP53 

mutation was found in 6% of the patients at diagnosis and it identified a high-risk 

group of patients with shortened time to progression and poorer OS (O’Shea et al. 
2008). Previously, Young et al. (2008) have quite undeniably shown in a large 

multicentre study that the OS of DLBCL patients with TP53 mutation is 

significantly worse than that of patients with wild-type TP53. TP53 mutations 

also divided patients with GC phenotype of DLBCL into molecularly distinct 

subsets with different survivals (Young et al. 2008). 

Studies about the prognostic role of p53 protein expression in follicular 

lymphoma are rare. Llanos et al. (2001) investigated the clinical significance of 

p53 expression in a material of 49 patients with follicular lymphoma. In that study, 

p53 turned out to be associated with a short time to relapse, but it did not reach 

prognostic significance in multivariate analysis and did not correlate with OS. In 

the present work, we found that p53 over-expression is an independent prognostic 

factor for OS and cause-specific survival in a multivariate analysis in follicular 

lymphoma. p53 over-expression also correlated here with high tumour grade and 

the presence of a bulky tumour, which are indicators of adverse prognosis. Poor 

survival of p53 over-expressing patients may be partly explained by the higher 

risk of transformation, but patients with high p53 expression without 

transformation also had a poor prognosis. 
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Over time, follicular lymphoma often eventually transforms into aggressive 

lymphoma subtype resembling DLBCL with a very poor prognosis, the annual 

risk of transformation being approximately 3% (Al-Tourah et al. 2008). It would 

be important to find the patients at the highest risk of transformation and treat 

them with high-dose chemotherapy and ASCT before the development of 

transformation. Out of the clinical prognostic factors, FLIPI and grade 3 have 

been found to be the most important in predicting the transformation (Giné et al. 
2006). These clinical factors cannot, however, separate the forthcoming 

transforming patients from the group of patients with the poorest prognosis. There 

are no biological markers that could be used to assess the risk of transformation in 

clinical practice, either. Gene expression profiling might also be a promising 

candidate as a biological transformation-predicting marker (Glas et al. 2007). 

Additionally, in the study of Shiozawa et al. (2003) the authors found that the 

transformation is preceded by the disappearance of CD21-positive follicular 

dendritic cells. At the time of diagnosis of follicular lymphoma, TP53 mutations 

are infrequently present and are usually in association with transformation 

(Sander et al. 1993, Lo Coco et al. 1993, Davies et al. 2005). p53 protein 

expression has also been found to associate with the transformation of FL (Sander 

et al. 1993, Symmans et al. 1995). An association between TP53 or p53 

abnormality and prevailing transformation has been detected, but its value in 

predicting transformation has not been investigated. 

In this study, p53 over-expression in pre-transformation diagnostic samples 

seemed to predict later histological transformation. In three out of eight patients 

with p53 over-expression, follicular lymphoma transformed to DLBCL in the 

time range of 30.8 months, while only 2 out of 59 patients with low p53 

expression had a lymphoma transformation during the follow-up. The five 

patients without transformation despite p53 over-expression also had an adverse 

prognosis, which further suggests that p53 over-expression associates with an 

aggressive biological nature also in non-transformed follicular lymphomas. 

Detection of TP53 mutations has been undeniably shown to be a potential 

strong new prognostic marker (Young et al. 2008). Also in follicular lymphoma, 

TP53 mutations detected at diagnosis seem to be able to identify a high-risk group 

of patients with shortened time to progression and poorer overall survival 

(O’Shea et al. 2008). Regardless of this, definition of TP53 mutations is still 

costly and time-consuming and as such not suitable for routine clinical use.  

As the p53 protein is the end product of gene expression, it appears logical to 

visualise protein expression directly by immunohistochemical analysis, linked 



 97 

with morphological analysis allowing qualitative evaluation of the cells 

presenting these defects (Dowell et al. 1994). p53 is a paradigm for 

immunohistochemical study, because most point (missense) mutations lead to the 

synthesis of a stable but “inactive” protein in the nucleus of the tumour cells 

which can be visualised by IHC. Although this phenomenon has been identified 

more than 10 years ago, no truly satisfactory explanation for it has yet been 

proposed. 

Nonsense, frameshift or splice site mutations do not lead to the accumulation 

of p53 protein. Therefore, p53 IHC has been criticised on the basis that it is not an 

ideal screening method for p53 mutations. Sequencing of the complete coding 

sequence of TP53 has shown that 10–25% of the mutations are these truncating 

mutations that are not detected by IHC. Moreover, some cases of IHC-positive 

cells do not carry a mutation, but the positivity may result from the accumulation 

of wild-type protein in response to some cellular stress signals (Hainaut & Wiman 

2007). In addition, immunohistochemistry in general induces some sources of 

heterogeneity: the various antibodies used, methodological aspects, the initial 

material and storage conditions, individual variability in interpretation of the 

results, and most of all, the cut-off values between negative and positive results, 

which can vary from 1 to 20%, and between different levels of positivity 

(McShane et al. 2000, Schmitz-Drager et al. 2000). 

On the basis of our results and as well as studies by other authors it seems 

that although p53 immunohistochemistry is not an acceptable method for 

screening of TP53 mutations, p53 immunoreactivity could reflect some 

aggressiveness-linked characteristic in cellular phenotype of lymphoma cells. 

Recognising this unknown cell characteristic might have prognostic value, 

regardless of whether the p53 immunoreactivity results from TP53 mutation or 

not. Thus, p53 immunoreactivity is one candidate for a marker that might be able 

to distinguish the follicular lymphoma patients with poor outcome. As a 

conclusion, the evaluation of p53 protein expression is a methodologically simple 

and inexpensive method deserving further study, first, to be properly standardised 

for routine clinical use, and second, to be investigated in large prospective trials 

as a possible prognostic marker in follicular lymphoma and other lymphomas as 

well. 
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6.5 Prognostic factors in patients with diffuse large B-cell 
lymphoma treated with immunochemotherapy 

In diffuse large B-cell lymphoma, there has been a rapid progress in treatments, 

reflected in continuously rising survival rates. In this thesis work it seems that 

survival rates are still improving. Overall survival of the DLBCL patients 

diagnosed in 2003–2006 was 75.3% after the follow-up of 57 months, whereas 

the corresponding rate in patients diagnosed in 1999–2002 was 64.1%. However, 

treatment-related toxicity, such as anthracyclin-induced cardiomyopathy and the 

long-term side effects of radiotherapy remain problems. In patients with the most 

favourable prognosis, it might be possible to desist from radiotherapy and 

chemotherapy treatments might be shortened. However, selecting patients for 

shorter treatments calls for powerful prognostic tools. 

In DLBCL, the IPI score has been widely accepted as the most important 

prognostic index in DLBCL (IPI project 1993). In addition, Sehn et al. have 

proposed the use of the R-IPI for patients treated with rituximab (Sehn et al. 
2007). Several biological tumour characteristics have been supposed to be able to 

serve as prognostic markers. Some of the most promising ones have been GC 

phenotype (Hans et al. 2004), TP53 mutation status (Young et al. 2008) or p53 

protein expression (Jerkeman et al. 2004), Ki-67 (Miller et al. 1994), Bcl-2 

(Gascoyne et al. 1997) and MMP-9 (Kuittinen et al. 2003, Sakata et al. 2004). 

Out of these factors, GC phenotype has been closest to being introduced into 

clinical practice. DLBCLs can be divided into GC and non-GC phenotypes by 

gene-expression profiling or immunohistochemical analysis (Alizadeh et al. 2000, 

Hans et al. 2004). Patients with GC phenotype of DLBCL have been 

demonstrated to exhibit a significantly more favourable prognosis than those with 

non-GC phenotype (Alizadeh et al. 2000, Hans et al. 2004). However, these 

studies were conducted in patients treated with only CHOP-type chemotherapy, 

which was also reflected in the modest treatment results. In both of these studies, 

the 5-year OS rates of the whole patient material were 52%.  

In this work, no association could be found between GC phenotype and the 

prognosis of DLBCL patients. Thus, it seems that in DLBCL patients treated with 

modern effective chemotherapy with or without rituximab, GC phenotype, in 

addition to MMP-9, has lost its prognostic significance. Our results are in line 

with the previous study of Nyman et al. (2007), in which it was suggested that 

GC phenotype is not useful in patients treated with modern immunochemotherapy. 
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Choi et al. (2006) have demonstrated that TIMP-1 positivity could also 

separate a subgroup of DLBCL patients with poor outcome. However, we failed 

to find any correlations between TIMP-1 expression and survival. Out of the 

studied parameters, only IPI score and stage retained their prognostic impact 

despite the change of the treatment schemes. It seems that for the time being, 

there are no biological markers whose prognostic value has been proven in patient 

populations treated with immunochemotherapy. Hence, there is a need for further 

studies with patients treated with modern chemotherapy regimens containing 

rituximab. 

The value of most prognostic markers depends on the lymphoma treatments. 

For example, grading of nodular sclerosis subtype of Hodgkin lymphoma has lost 

its prognostic value due to the progress of HL treatments (Van Spronsen et al. 
1997). The introduction of high-dose chemotherapy, understanding of the 

importance of dose-intensity, the development of supportive treatments and the 

use of colony-stimulating growth factors have been reflected in improved survival 

rates. Therefore, already before the introduction of rituximab, a marked 

improvement in overall survival was seen, e.g. from 6-year OS of 42% in the 

material of Fisher (1997) to 5-year OS of 52% in the study of Hans et al. (2004). 

During the 2000s, the treatments and outcome of DLBCL have been under rapid 

progression, as CHOP14 and CHOEP chemotherapies and rituximab have been 

introduced into clinical practice (Pfreundschuh et al. 2004a; 2004b, Sehn et al. 
2005). In view of the rapid development in treatment results of DLBCL in recent 

years, all the suggested prognostic markers should be reassessed in patients 

treated with modern therapies. 

6.6 Clinical role of circulating gelatinases and their tissue 
inhibitors in lymphomas 

There are a growing number of studies showing correlations between diagnostic 

serum or plasma levels of gelatinases or their tissue inhibitors and prognosis in 

several solid tumours (Talvensaari-Mattila & Turpeenniemi-Hujanen 2005a, 

Ruokolainen et al. 2005b, Kuvaja et al. 2006, Vasala & Turpeenniemi-Hujanen 

2007), but studies concerning their value during follow-up are rare. In lymphomas, 

data concerning both the prognostic value of circulating MMPs or TIMPs and 

their clinical value during follow-up are completely lacking. 

In lymphoma-affected dogs, plasma MMP-2 was elevated compared to 

healthy controls. Elevated MMP-2 correlated with B symptoms, but not with 
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other prognostic factors. (Gentilini et al. 2005) Previous studies have shown that 

the majority of lymphomas with aggressive histologies express MMP-2, and that 

low-grade lymphomas express constantly small amounts of MMP-2 and TIMP-2 

(Kuittinen et al. 2003, Kossakowska et al. 1993). However, tissue expression of 

MMP-2 does not seem to have prognostic value in non-Hodgkin lymphomas. On 

the contrary, MMP-9 has been associated with biological aggressiveness and 

adverse prognosis in lymphomas (Kuittinen et al. 2002; 2003, Sakata et al. 2004, 

Lalancette et al. 2000, Aoudjit et al. 1999). In this thesis work, TIMP-1 has been 

shown to be expressed in less than half of the cases of Hodgkin lymphoma. In 

DLBCL tissues TIMP-1 expression has previously been reported in a minority of 

the cases, while high TIMP-1 expression was linked to an adverse prognosis 

(Choi et al. 2006). 

In the present work, plasma MMP-2-TIMP-2 complex seemed to have the 

strongest prognostic value in lymphoma patients. According to recent studies 

concerning solid tumours, the tissue level of MMP-2 is not necessarily in 

relationship with its circulating level (Hoikkala et al. 2006, Kuvaja et al. 2006, 

Ruokolainen et al. 2006). As MMP-2 is constantly expressed in many different 

tissues, it is not certain that elevated levels of MMP-2 in circulation reflect the 

MMP-2 production in malignant cells. It is possible that increased circulating 

MMP-2 may be a reaction of the connective tissue to cancer, not a product of 

cancer cells. 

Interestingly, in this study the levels of proMMP-2 in circulation were high 

both after recovery from lymphoma and after a long follow-up. The levels of 

proMMP-2 were the same regardless of treatment modality. On the other hand, 

the levels of this marker were also significantly higher in patients with newly 

diagnosed lymphomas compared to the controls. This observation suggests that 

lymphoma might itself cause a sustainable change in tissue turnover, which 

increases the circulating concentration of proMMP-2 independently of the 

treatment modality. This reaction is sustained even in patients cured from their 

lymphoma and after a follow-up period of up to ten years. 

Low-grade lymphomas have been shown to express TIMP-2 (Kossakowska et 
al. 1993), but in this study its plasma levels were lower in patients with active 

disease when compared to patients in remission, who had lower levels than 

healthy controls, suggesting that these plasma levels are probably not indicators 

of protein production in tumours. The values of TIMP-2 were at the lowest in 

patients without any treatment, and there was a trend towards normal, higher 

levels detected in healthy controls when patients were treated with chemotherapy 
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or radiotherapy. As the values of proMMP-2 were elevated in lymphoma patients, 

the most significant difference between lymphoma patients and healthy controls 

was detected when the molecular ratios of proMMP2 and TIMP-2 were compared. 

The MMP-2-TIMP-2 complex levels were also high in lymphoma patients 

independently of the length of the preceding follow-up period. 

Malignant lymphoma cells produce MMP-9, and its expression level has been 

found to correlate with the aggressiveness (Lalancette et al. 2000) and poor 

prognosis of the disease (Kuittinen et al. 2002; 2003, Sakata et al. 2004). 

Moreover, the expression of MMP-9 has been shown to be higher, up to 7-fold, in 

aggressive histologies compared with low-grade histologies (Kossakowska et al. 
1993). This is in line with the present finding that MMP-9 levels are elevated 

when compared to healthy controls in aggressive lymphomas, but not in follicular 

lymphoma, which is an indolent subtype. This finding is also supported by the 

results of Hazar et al. (2004) who found serum MMP-9 to be elevated in 

Hodgkin’s and non-Hodgkin’s lymphoma when compared to healthy controls. 

Most of the lymphoma patients can be cured from their lymphoma, and the 

number of people who have had a lymphoma diagnosis is constantly growing. 

Lymphomas are sensitive to chemotherapy and radiotherapy, and many patients 

can be cured with high-dose therapy also after the first or even later relapse, 

resulting in the need for effective follow-up. Follow-up of lymphoma patients is 

resource-demanding and ineffective, because relapses usually appear between the 

follow-up visits and only few relapses are found due to follow-up examinations. It 

is also often problematic to determine how active the follow-up should be in 

different lymphoma subtypes and different patients. There are no useful tools to 

find the patients who are at the highest risk of relapse. Positron emission 

tomography (PET)-CT is quite sensitive in finding the relapses, but PET-CT 

imaging is very costly and the proportion of wrong positive cases is high. 

Therefore, there is a need for reliable and easily measurable markers that could 

indicate an increased risk of lymphoma relapse, as prostate specific antigen (PSA) 

does in prostate cancer. 

In this thesis, the plasma MMP-2-TIMP-2 complex levels were found to 

predict the risk of clinical recurrence. The patients with high levels of the 

complex had a three-fold risk ratio when compared to patients with low complex 

levels. The same trend, albeit not statistically significant, could also be detected 

with proMMP-2, proMMP-2/TIMP-2 ratio, MMP-9, TIMP-1 and MMP-9/TIMP-

1 ratio. TIMP-2 was an exception: patients with a high level of TIMP-2 had a 



 102 

better survival than those with a low level, but this finding did not reach statistical 

significance, either. 

There are several pre-analytic factors that have to be taken into account when 

measuring the concentrations of gelatinases and their tissue inhibitors in different 

blood components. Several studies have shown that concentrations of MMP-9 are 

higher in serum samples than in plasma samples (Jung et al. 2001, Jung 2005, 

Gerlach et al. 2005, Gerlach et al. 2007, Makowski & Ramsby 2003, Mannello 

2003a, Mannello et al. 2003b). Platelets contain MMP-9 physiologically, and it 

has been shown that platelet aggregation during clotting can lead to increased 

release of MMP-9 (Sheu et al. 2004), and coagulation accelerators in serum tubes 

might enhance this process (Jung et al. 2001, Jung 2005). Platelets and 

neutrophils also contain TIMP-1, and during aggregation, TIMP-1 can be released, 

which can artificially elevate TIMP-1 levels in the serum (Holten-Andersen et al. 
2002, Sheu et al. 2004). Some authors even suggest that serum measurements of 

MMP-9 should not be used at all (Mannello 2003a, Mannello et al. 2003b), and 

the use of plasma has been suggested in TIMP-1 measurements in the blood as 

well (Jung et al. 2005). Differences in the blood components used have to be 

noted when comparing the results from different studies concerning circulating 

MMPs or TIMPs. Because plasma measurements of these markers seem to be the 

most reliable option, all the measurements in this study were only performed from 

plasma samples. 

There are few circulating markers in lymphomas that could be used in the 

follow-up of patients. Serum level of LDH is used in risk evaluation of lymphoma 

patients at the time of diagnosis. It is also used as part of follow-up examinations, 

but its specificity in detecting relapses is poor, as it can be elevated due to several 

other reasons besides lymphoma. In follow-up of lymphoma patients, radiological 

imaging is costly and ineffective. Since the interpretation and standardisation of 

the MMP and TIMP immunohistochemistry is problematic and 

immunohistochemical analyses seem to have lost their prognostic value, it might 

be possible that plasma levels of gelatinases and their tissue inhibitors could be 

better candidates as new prognostic or follow-up markers in lymphomas. The 

present study indicates that plasma levels of gelatinases and their tissue inhibitors 

might be clinically useful tools for identifying the lymphoma patients at the 

highest risk of relapse. Out of these markers, the plasma MMP-2-TIMP-2 

complex seems to be the most promising. However, these findings have to be 

verified in large prospective clinical trials including patients who have been 
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diagnosed with the same lymphoma subtype and treated with uniform 

chemotherapy regimens. 
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7 Conclusions 

In the present study, variability in intensity and magnitude of expression of 

gelatinases and their tissue inhibitors was detected in different lymphomas. 

Specific clinicopathological correlations were also found between the expression 

of these molecules and clinical disease parameters. In contrast to expectations, 

MMP-9 protein expression did not correlate with survival in follicular lymphoma 

or diffuse large B-cell lymphoma. Instead, over-expression of the p53 protein 

seemed to have strong prognostic value in follicular lymphoma. Circulating 

molecules of the MMP-2/TIMP-2 system seemed to have an important role in the 

biology of lymphomas, as the levels of these molecules in lymphoma patients 

differed remarkably from the levels in healthy controls. In addition, the patients 

with high levels of MMP-2-TIMP-2 complex were at a significantly elevated risk 

of relapse compared to patients with lower levels. 

The specific conclusions of this study are as follows: 

1. In Hodgkin lymphoma, tissue expression of TIMP-1 correlated with nodular 

sclerosis subtype and the existence of bulky tumour, whereas TIMP-2 

expression was linked to the presence of B symptoms. However, TIMP-1 or 

TIMP-2 expression did not seem to have prognostic value in Hodgkin 

lymphoma. 

2. In follicular lymphoma, over-expression of p53 immunoreactive protein 

correlated with high grade, presence of bulky tumour and forthcoming 

transformation. p53 over-expression also seemed to be an independent 

adverse prognostic factor for survival and a predictor of transformation in 

follicular lymphoma patients. Immunoreactive proteins of MMP-2, MMP-9, 

TIMP-1 or TIMP-2 did not seem to have prognostic significance in follicular 

lymphoma. 

3. Tissue expression of MMP-2, MMP-9, TIMP-1 or TIMP-2 did not seem to 

correlate with survival in DLBCL patients treated with novel combination 

chemotherapy with or without CD20 antibody. None of these proteins 

correlated with immunohistochemically defined germinal centre phenotype, 

and GC phenotype was not prognostic for survival, either. IPI and stage were 

the only factors that retained their prognostic value. 

4. Plasma levels of MMP-2-TIMP-2 complex, proMMP-2, TIMP-2 and 

proMMP-2/TIMP-2 ratio seemed to be abnormal in patients with newly 

diagnosed lymphoma and those in remission compared to healthy controls. It 
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seems that the MMP-2-TIMP-2 complex might be used as a follow-up 

marker predicting the risk of relapse in lymphoma patients. 



 107 

References 

Agrez M, Gu X, Turton J, Meldrum C, Niu J, Antalis T & Howard EW (1999) The alpha v 
beta 6 integrin induces gelatinase B secretion in colon cancer cells. Int J Cancer 81: 
90–97. 

Alavaikko MJ, Blanco G, Aine R, Lehtinen T, Fellbaum C, Taskinen PJ, Sarpola A & 
Hansman ML (1994) Follicular dendritic cells have prognostic relevance in Hodgkin’s 
lymphoma. Hematopathol 101: 761–767. 

Alizadeh AA, Eisen MB, Davis RE, Ma C, Lossos IS, Rosenwald A, Boldrick JC, Sabet H, 
Tran T, Yu X, Powell JI, Yang L, Marti GE, Moore T, Hudson J Jr, Lu L, Lewis DB, 
Tibshirani R, Sherlock G, Chan WC, Greiner TC, Weisenburger DD, Armitage JO, 
Warnke R, Levy R, Wilson W, Grever MR, Byrd JC, Botstein D, Brown PO & Staudt 
LM (2000) Distinct types of diffuse large B-cell lymphoma identified by gene 
expression profiling. Nature 403: 503–511. 

Aljada IS, Ramnath N, Donohue K, Harvey S, Brooks JJ, Wiseman SM, Khoury T, 
Loewen G, Slocum HK, Anderson TM, Beple G & Tan D (2004) Upregulation of the 
tissue inhibitor of metalloproteinase-1 protein is associated with progression of human 
non-small-cell lung cancer. J Clin Oncol 22: 3218–3229. 

Al-Tourah AJ, Gill KK, Chhanabhai M, Hoskins PJ, Klasa RJ, Savage KJ, Sehn LH, 
Shenkier TN, Gascoyne RD & Connors JM (2008) Population-based analysis of 
incidence and outcome of transformed non-Hodgkin’s lymphoma. J Clin Oncol 26: 
5165–5169. 

Alvaro T, Lejeune M, Salvado MT, Lopez C, Jaen J, Bosch R & Pons LE (2006) 
Immunohistochemical patterns of reactive microenvironment are associated with 
clinicobiologic behavior in follicular lymphoma patients. J Clin Oncol 24: 5350–5357. 

Amorino GP & Hoover RL (1998) Interactions of monocytic cells with human endothelial 
cells stimulate monocytic metalloproteinase production. Am J Pathol 152: 199–207. 

Anderson JR, Armitage JO & Weisenburger DD (1998) Epidemiology of the non-
Hodgkin`s lymphomas: distributions of the major subtypes differ by geographic 
locations. Non-Hodgkin`s Lymphoma Classification Project. Ann Oncol 9: 717–720 

Anon (1997) A clinical evaluation of the international Lymphoma Study Group 
classification of non-Hodgkin’s lymphoma. The Non-Hodgkin`s Lymphoma 
Classification Project. Blood 89: 3909–3918. 

Aoudjit F, Esteve PO, Desrosiers M, Potworowski EF & St-Pierre Y (1997) Gelatinase 
(MMP-9) production and expression by stromal cells in the normal and adult thymus 
and experimental thymic lymphoma. Int J Cancer 71: 71–78. 

Aoudjit F, Potworowski EF & St-Pierre Y (1998a) Bi-directional induction of matrix 
metalloproteinase-9 and tissue inhibitor of matrix metalloproteinase-1 during T 
lymphoma/endothelial cell contact: implication of ICAM-1. J Immunol 160: 2967–
2973. 

Aoudjit F, Potworowski EF, Springer TA & St-Pierre Y (1998b) Protection from 
lymphoma cell metastasis in ICAM-1 mutant mice: a posthoming event. J Immunol 
161: 2333–2338. 



 108 

Aoudjit F, Masure S, Opdenakker G, Potworowski EF & St-Pierre Y (1999) Gelatinase B 
(MMP-9), but not its inhibitor (TIMP-1), dictates the growth rate of experimental 
thymic lymphoma. Int J Cancer 82: 743–747. 

Armitage JO & Weisenburger DD (1998) New approach to classifying non-Hodgkin`s 
lymphomas: clinical features of the major histological subtypes. Non-Hodgkin`s 
Lymphoma Classification Project. J Clin Oncol 16: 2780–2795. 

Aviles A, Fernandez R, Perez F, Nambo MJ, Neri N, Talavera A, Castaneda C, Gonzales 
M & Cleto S (2004) Adjuvant radiotherapy in stage IV diffuse large cell lymphomas 
improves outcome. Leuk Lymphoma 45: 1385–1389. 

Aviles A, Neri N, Delgado S, Perez F, Nambo MJ, Cleto S, Talavera A & Huerta-Guzman 
J (2005) Residual disease after chemotherapy in aggressive malignant lymphoma: the 
role of radiotherapy. Med Oncol 22: 383–387. 

Baluk P, Raymond WW, Ator E, Coussens LM, McDonald DM & Caughey GH (2004) 
Matrix metalloproteinase 2 and 9 expression increases in mycoplasma-infected 
airways but is not required for microvascular remodelling. Am J Physiol Lung Cell 
Mol Physiol 287: L307–317. 

Bannikov GA, Karelina TV, Collier IE, Marmer BL & Goldberg GI (2002) Substrate 
binding of gelatinase B induces its enzymatic activity in the presence of intact 
propeptide. J Biol Chem 277: 16022–16027. 

Bello L, Lucini V, Carrabba G, Giussani C, Machluf M, Pluderi M, Nikas D, Zhang J, 
Tomei G, Villani RM, Carroll RS, Bikfalvi A & Black PM (2001) Simultaneous 
inhibition of glioma angiogenesis, cell proliferation, and invasion by a naturally 
occurring fragment of human metalloproteinase-2. Cancer Res 61: 8730–8736. 

Beral V, Peterman T, Berkelman R & Jaffe H (1991) AIDS-associated non-Hodgkin 
lymphoma. Lancet 337: 805–509. 

Bergers G, Brekken R, McMahon G, Vu TH, Itoh T, Tamaki K, Tanzawa K, Thorpe P, 
Itohara S, Werb Z & Hanahan D (2000) Matrix metalloproteinase-9 triggers the 
angiogenic switch during carcinocenesis. Nat Cell Biol 2: 737–744. 

Berns EM, van Staveren IL, Look MP, Smid M, Klijn JG & Foekens JA (1998) Mutations 
in residues of TP53 that directly contact DNA predict poor outcome in human primary 
breast cancer. Br J Cancer 77: 1130–1136. 

Birkedal-Hansen H, Moore WG, Bodden MK, Windsor LJ, Birkedal-Hansen B, DeCarlo A 
& Engler JA (1993) Matrix metalloproteinases: a review. Crit Rev Oral Biol Med 4: 
197–250. 

Björklund M & Koivunen E (2005) Gelatinases-mediated migration and invasion of cancer 
cells. Biochim Biophys Acta 1755: 37–69. 

Borregaard N (1997) Development of neutrophil granule diversity. Ann NY Acad Sci 832: 
62–68. 

Borresen-Dale AL, Lothe RA, Meling GI, Hainaut P, Rognum TO & Skovlund E (1998) 
TP53 and long-term prognosis in colorectal cancer: mutations in the L3 zinc-binding 
domain predict poor survival. Clin Cancer Res 4: 203–210. 

Bouzourene H, Haefliger T, Delacretaz F & Saraga E (1999) The role of Helicobacter 
pylori in primary gastric MALT lymphoma. Histopathology 34: 118–123. 



 109 

Bozkurt C, Ertem U, Oksal A, Sahin G, Yüksek N & Birgen D (2008) Expression of 
matrix metalloproteinase-9 (MMP-9) and tissue inhibitor of matrix metalloproteinase 
(TIMP-1) in tissues with a diagnosis of childhood lymphoma. Pediatr Hematol Oncol 
25: 621–629. 

Brink AA, Oudejans JJ, van den Brule AJ, Kluin PM, Horstman A, Ossenkoppele GJ, van 
Heerde P, Jiwa M & Meijer CJ (1998) Low p53 and high bcl-2 expression in Reed-
Sternberg cells predicts poor clinical outcome for Hodgkin’s disease: involvement of 
apoptosis resistance? Mod Pathol 11: 376–383. 

Bu CH & Pourmotabbed T (1996) Mechanism of Ca2+-dependent activity of human 
neutrophil gelatinase B. J Biol Chem 271: 14308–14315. 

Campbell J, Seymour JF, Matthews J, Wolf M, Stone J & Juneja S (2006) The prognostic 
impact of bone marrow involvement in patients with diffuse large cell lymphoma 
varies according to the degree of infiltration and presence of discordant bone marrow 
involvement. Eur J Haematol 76: 473–480. 

Canellos GP, Anderson JR, Propert KJ, Nissen N, Cooper MR, Henderson ES, Green MR, 
Gottlieb A & Peterson BA (1992) Chemotherapy of advanced Hodgkin’s disease with 
MOPP, ABVD, or MOPP alternating with ABVD. N Engl J Med 327: 1478–1484. 

Canete-Soler R, Gui YH, Linask KK & Muschel RJ (1995) Developmental expression of 
MMP-9 (gelatinase B) mRNA in mouse embryos. Develop Dynamics 204: 30–40. 

Carreras J, Lopez-Guillermo A, Fox BC, Colomo L, Martinez A, Roncador G, Montserrat 
E, Campo E & Banham AH (2006) High numbers of tumor-infiltrating FOXP3-
positive regulatory T cells are associated with improved overall survival in follicular 
lymphoma. Blood 108: 2957–2964. 

Caudroy S, Polette M, Nawrocki-Raby B, Cao J, Toole BP, Zucker S & Birembaut P (2002) 
EMMPRIN-mediated MMP regulation in tumor and endothelial cells. Clin Exp 
Metastasis 19: 697–702. 

Cerhan JR, Wang S, Maurer MJ, Ansell SM, Geyer SM, Cozen W, Morton LM, Davis S, 
Severson RK, Rothman N, Lynch CF, Wacholder S, Chanock SJ, Habermann TM & 
Hartge P (2007) Prognostic significance of host immune gene polymorphisms in 
follicular lymphoma survival. Blood 109: 5439–5446. 

Cerroni L, Zöchling N, Pütz B & Kerl H (1997) Infection by Borrelia burgdorferi and 
cutaneous B-cell lymphoma. J Cutan Pathol 24: 457–461. 

Cha H, Kopetzki E, Huber R, Lanzendorfer M & Brandstetter H (2002) Structural basis of 
the adaptive molecular recognition by MMP9. J Mol Biol 320: 1065–1079. 

Chen EI, Kridel SJ, Howard EW, Li W, Godzik A & Smith JW (2002) A unique substrate 
recognition profile for matrix metalloproteinase-2. J Biol Chem 277: 4485–4491. 

Chilosi M, Doglioni C, Magalini A, Inghirami G, Krampera M, Nadali G, Rahal D, Pedron 
S, Benedetti A, Scardoni M, Macrì E, Lestani M, Menestrina F, Pizzolo G & Scarpa A 
(1996) p21/WAF1 cyclin-kinase inhibitor expression in non-Hodgkin’s lymphomas: a 
potential marker of p53 tumor-suppressor gene function. Blood 88: 4012–4020. 

Choi JW, An JS, Lee JH, Lee ES, Kim KH & Kim YS (2006) Clinicopathological 
implications of tissue inhibitor of metalloproteinase-1-positive diffuse large B-cell 
lymphoma. Mod Pathol 19: 963–973. 



 110 

Citak EC, Oguz A, Karadeniz C & Akyurek N (2008a) Role of gelatinases (MMP-2 and 
MMP-9), TIMP-1, vascular endothelial growth factor (VEGF), and microvessel 
density on the clinicopathological behavior of childhood non-Hodgkin lymphoma. 
Pediatr Hematol Oncol 25: 55–66. 

Citak EC, Oguz A, Karadeniz C & Akyurek N (2008b) Immunohistochemical expression 
of angiogenic cytokines in childhood Hodgkin lymphoma. Pathol Res Pract 204: 89–
96. 

Clark SD, Kobayashi DK & Welgus HG (1987) Regulation of the expression of tissue 
inhibitor of metalloproteinases and collagenase by retinoids and glucocorticoids in 
human fibroblasts. J Clin Invest 80: 1280–1288. 

Coiffier B, Lepage E, Briere J, Herbrecht R, Tilly H, Bouabdallah R, Morel P, Van Den 
Neste E, Salles G, Gaulard P, Reyes F & Gisselbrecht C (2002) CHOP chemotherapy 
plus rituximab compared with CHOP alone in elderly patients with diffuse large-B-
cell lymphoma. N Engl J Med 4: 235–242. 

Corry DB, Rishi K, Kanellis J, Kiss A, Song LZ, Xu J, Feng L, Werb Z & Kheradmand F 
(2002) Decreased allergic lung inflammation cell egression and increased 
susceptibility to asphyxiation in MMP2-deficiency. Nat Immunol 3: 347–353. 

Cottier H, Turk J & Sobin L (1972) A proposal for a standardized system of reporting 
human lymph node morphology in relation to immunological function. Bull WHO 47: 
375–417. 

Cox G, Jones JL & O’Bryne KJ (2000) Matrix metalloproteinase-9 and the epidermal 
growth factor signal pathway in operable non-small cell lung carcinoma. Clin Cancer 
Res 6: 2349–2355. 

Dave SS, Wright G, Tan B, Rosenwald A, Gascoyne RD, Chan WC, Fisher RI, Braziel RM, 
Rimsza LM, Grogan TM, Miller TP, LeBlanc M, Greiner TC, Weisenburger DD, Lynch 
JC, Vose J, Armitage JO, Smeland EB, Kvaloy S, Holte H, Delabie J, Connors JM, 
Lansdorp PM, Ouyang Q, Lister TA, Davies AJ, Norton AJ, Muller-Hermelink HK, Ott G, 
Campo E, Montserrat E, Wilson WH, Jaffe ES, Simon R, Yang L, Powell J, Zhao H, 
Goldschmidt N, Chiorazzi M & Staudt LM (2004) Prediction of survival in follicular 
lymphoma based on molecular features of tumor-infiltrating immune cells. N Engl J 
Med 351: 2159–2169. 

Davidson B, Goldberg I, Kopolovic J, Lerner-Geva L, Gotlieb WH, Ben-Baruch G & 
Reich R (1999) MMP-2 and TIMP-2 expression correlates with poor prognosis in 
cervical carcinoma--a clinicopathologic study using immunohistochemistry and 
mRNA in situ hybridization. Gynecol Oncol 73: 372–382. 

Davies AJ, Lee AM, Taylor C, Clear AJ, Goff LK, Iqbal S, Cuthbert-Heavens D, 
Calaminici M, Norton AJ, Lister TA & Fitzgibbon J (2005) A limited role for TP53 
mutation in the transformation of follicular lymphoma to diffuse large B-cell 
lymphoma. Leukemia 19: 1459–1465. 

de Anta JM, Jassem E, Rosell R, Martinez-Roca M, Jassem J, Martinez-Lopez E, Monzo 
M, Sanchez-Hernandez JJ, Moreno I & Sanchez-Cespedes M (1997) TP53 mutational 
pattern in Spanish and Polish non-small cell lung cancer patients: null mutations are 
associated with poor prognosis. Oncogene 15: 2951–2958. 



 111 

Diehl V, Franklin J, Pfreundschuh M, Lathan B, Paulus U, Hasenclever D, Tesch H, 
Herrmann R, Dörken B, Müller-Hermelink HK, Dühmke E, Loeffler M; German 
Hodgkin’s Lymphoma Study Group (2003) Standard and increased-dose BEACOPP 
chemotherapy compared with COPP-ABVD for advanced Hodgkin’s disease. N Engl 
J Med 348: 2386–2395. 

Diehl V (2004) Chemotherapy or combined modality treatment: the optimal treatment for 
Hodgkin’s disease. J Clin Oncol 22: 15–18. 

Dimopoulos MA, Cabanillas F, Lee J, Swan F, Fuller L Allen PK & Hagemeister FB 
(1993) Prognostic role of serum β-2 microglobulin in Hodgkin’s lymphoma. J Clin 
Oncol 11: 1108–1111. 

Dowell SP, Wilson POG, Derias NW, Lane DP & Hall PA (1994) Clinical utility of the 
immunocytochemical detection of p53 protein in cytological specimens. Cancer Res 
54: 2914–2918. 

Duijvestijn A & Hamann A (1989) Mechanisms and regulation of lymphocyte migration. 
Immunol Today 10: 23–28. 

Egeblad M & Werb Z (2002) New functions for the matrix metalloproteinases in cancer 
progression. Nat Rev Cancer 2: 161–174. 

Erber R, Conradt C, Homann N, Enders C, Finckh M, Dietz A, Waideuer H & Bosch FX 
(1998) TP53 DNA contact mutations are selectively associated with allelic loss and 
have a strong clinical impact in head and neck cancer. Oncogene 16: 1671–1679. 

Farinha P, Masoudi H, Skinnider BF, Shumansky K, Spinelli JJ, Gill K, Klasa R, Voss N, 
Connors JM & Gascoyne RD (2005) Analysis of multiple biomarkers shows that 
lymphoma-associated macrophage (LAM) content is an independent predictor of 
survival in follicular lymphoma (FL). Blood 106: 2169–2174. 

Fassina G, Ferrari N, Brigati C, Benelli R, Santi L, Noonan DM & Albini A (2000) Tissue 
inhibitors of matrix metalloproteinanses: regulation and biological activities. Clin Exp 
Metastasis 18: 111–120. 

Fernandez-Patron C, Martinez-Cuesta MA, Salas E, Sawicki G, Wozniak M, Radomski 
MW & Davidge ST (1999) Differential regulation of platelet aggregation by matrix 
metalloproteinases-9 and -2. Thromb Haemost 82: 1730–1735. 

Filipovich AH, Mathur A, Kamat D & Shapiro RS (1992) Primary immunodeficiencies: 
genetic risk factors for lymphoma. Cancer Res 52: 5465–5467. 

Finnish Cancer Registry - Institute for Statistical and Epidemiological Cancer Research (2007) 
Cancer in Finland 2004 and 2005. Cancer Statistics of the National Research and 
Development Centre for Welfare and Health. Cancer Society of Finland Publication No. 
72. Helsinki. 

Fisher RI (1997) Cyclophosphamide, doxorubicin, vincristine, and prednisone versus 
intensive chemotherapy in non-Hodgkin’s lymphoma. Cancer Chemother Pharmacol 
40 Suppl: S42–46. 

Flavell JR, Baumforth KRN, Williams DM, Lukesova M, Madarova J, Noskova V, 
Prochazkova J, Lowe D, Kolar Z, Murray PG & Nelson PN (2000) Expression of the 
matrix metalloproteinase 9 in Hodgkin’s disease is independent of EBV status. Mol 
Pathol 53: 145–149. 



 112 

Fong KM, Kida Y, Zimmermann PV & Smith PJ (1996) TIMP1 and adverse prognosis in 
non-small cell lung cancer. Clin Cancer Res 2: 1369–1372. 

Fortspointner R, Unterhalt M, Dreyling M, Böck HP, Repp R, Wandt H, Pott C, Seymour 
JF, Metzner B, Hänel A, Lehmann T, Hartmann F, Einsele H & Hiddemann W (2006) 
Maintenance therapy with rituximab leads to a significant prolongation of response 
duration after salvage therapy with a combination of rituximab, fludarabine, 
cyclophosphamide, and mitoxantrone (R-FCM) in patients with recurring and 
refractory follicular and mantle cell lymphomas: results of a prospective randomized 
study of the German Low Grade Lymphoma Study Group (GLSG). Blood 108: 4003–
4008. 

Fujimoto N, Ward RV, Shinya T, Iwata K, Yamashita K & Hayakawa T (1996) Interaction 
between tissue inhibitor of metalloproteinases-2 and progelatinase A: 
immunoreactivity analysis. Biochem J 313: 827–833. 

Garcia JF, Camacho FI, Morente M, Fraga M, Montalbán C, Alvaro T, Bellas C, Castano 
A, Díez A, Flores T, Martin C, Martinez MA, Mazorra F, Menárquez J, Mestre MJ, 
Mollejo M, Sáez AI, Sánchez L, Piris MA; Spanish Hodgkin Lymphoma Study Group 
(2003) Hodgkin and Reed-Sternberg cells harbor alterations in the major tumor 
suppressor pathways and cell-cycle checkpoints: analyses using tissue microarrays. 
Blood 101: 681–689. 

Garzetti GG, Ciavattini A, Lucarini G, Goteri G, de e Nictolis M, Garbisa S, Masiero L, 
Romanini C & Graziella B (1995) Tissue and serum metalloproteinase (MMP-2) 
expression in advanced ovarian serous cystadenocarcinomas: clinical and prognostic 
implications. Anticancer Res 15: 2799–2804. 

Gascoyne RD, Adomat SA, Krajewski S, Krajewska M, Horsman DE, Tolcher AW, 
O’Reilly SE, Hoskins P, Coldman AJ, Reed JC & Connors JM (1997) Prognostic 
significance of Bcl-2 protein expression and Bcl-2 gene rearrangement in diffuse 
aggressive non-Hodgkin’s lymphoma. Blood 90: 244–251. 

Geisler CH, Kolstad A, Laurell A, Andersen NS, Pedersen LB, Jerkeman M, Eriksson M, 
Nordström M, Kimby E, Boesen AM, Kuittinen O, Lauritzsen GF, Nilsson-Ehle H, 
Ralfkiaer E, Akerman M, Ehinger M, Sundström C, Langholm R, Delabie J, 
Karjalainen-Lindsberg ML, Brown P, Elonen E; Nordic Lymphoma Group (2008) 
Long-term progression-free survival of mantle cell lymphoma after intensive front-
line immunochemotherapy with in vivo-purged stem cell rescue: a nonrandomized 
phase 2 multicenter study by the Nordic Lymphoma Group. Blood 112: 2687–2693. 

Gentilini F, Calzolari C, Turba ME, Agnoli C, Fava D, Forni M & Bergamini PF (2005) 
Prognostic value of serum vascular endothelial growth factor (VEGF) and plasma 
activity of matrix metalloproteinase (MMP) 2 and 9 in lymphoma-affected dogs. Leuk 
Res 29: 1263–1269. 

Gerlach RF, Uzuelli JA, Souza-Tarla CD & Tanus-Santos JE (2005) Effect of 
anticoagulants on the determination of plasma matrix metalloproteinase (MMP)-2 and 
MMP-9 activities. Anal Biochem 344: 147–149. 



 113 

Gerlach RF, Demacq C, Jung K & Tanus-Santos JE (2007) Rapid separation of serum does 
not avoid artificially higher matrix metalloproteinase (MMP)-9 levels in serum versus 
plasma. Clin Biochem 40: 119–123. 

Giaccia AJ & Kastan MB (1998) The complexity of p53 modulation: emerging patterns 
from divergent signals. Genes Dev 12: 2973–83. 

Giné E, Montoto S, Bosch F, Arenillas L, Mercadal S, Villamor N, Martínez A, Colomo L, 
Campo E, Montserrat E & López-Guillermo A (2006) The Follicular Lymphoma 
International Prognostic Index (FLIPI) and the histological subtype are the most 
important factors to predict histological transformation in follicular lymphoma. Ann 
Oncol 17: 1539–1545. 

Glas AM, Kersten MJ, Delahaye LJ, Witteveen AT, Kibbelaar RE, Velds A, Wessels LF, 
Joosten P, Kerkhoven RM, Bernards R, van Krieken JH, Kluin PM, van’t Veer LJ & de 
Jong D (2005) Gene-expression profiling in follicular lymphoma to assess clinical 
aggressiveness and to guide the choice of treatment. Blood 105: 301–307. 

Glas AM, Knoops L, Delahaye L, Kersten MJ, Kibbelaar RE, Wessels LA, van Laar R, 
van Krieken JH, Baars JW, Raemaekers J, Kluin PM, van’t Veer LJ & de Jong D 
(2007) Gene-expression and immunohistochemical study of specific T-cell subsets 
and accessory cell types in the transformation and prognosis of follicular lymphoma. J 
Clin Oncol 25: 390–398. 

Glass AG, Karnell LH & Menck HR (1997) The National Cancer Data Base report on non-
Hodgkin`s lymphoma. Cancer 80: 2311–2320. 

Gohji K, Fujimoto N, Komiyama T, Fujii A, Ohkawa J, Kaminodo S & Nakajima M (1996) 
Elevation of serum levels of matrix metalloproteinase-2 and -3 as new predictors of 
recurrence in patients with urothelial carcinoma. Cancer 78: 2379–2387. 

Gomez DE, Alonso DF & Yoshiji H (1997) Tissue inhibitors of metalloproteinases: 
structure, regulation and biological functions. Eur J Cell Biol 74: 111–122. 

Gomiz-Ruth F (2004) Handbook of metalloproteins. Vol 3. John Wiley and Sons: 631–646. 
Greiner TC, Moynihan MJ, Chan WC, Lytle DM, Pedersen A, Anderson JR & 

Weisenburger DD (1996) p53 mutations in mantle cell lymphoma are associated with 
variant cytology and predict a poor prognosis. Blood 87: 4302–4310. 

Grignon DJ, Saler W, Toth M, Ravery V, Angulo J, Shamsa F, Pontes E, Crissman JC & 
Fridman R (1996) High levels of tissue inhibitor of metalloproteinase-2 (TIMP-2) 
expression are associated with poor outcome in invasive bladder cancer. Cancer Res 
56: 1654–1659. 

Grulich AE, Vajdic CM & Cozen W (2007) Altered immunity as a risk factor for non-
Hodgkin lymphoma. Cancer Epidemiol Biomarkers Prev 16: 405–408. 

Guedez L, Courtemanch L & Stetler-Stevenson M (1998a) Tissue inhibitor of 
metalloproteinase (TIMP)-1 induces differentation and an apoptotic phenotype in 
germinal center B cells. Blood 92: 1342–1349. 

Guedez L, Stetler-Stevenson WG, Wolff L, Wang J, Fukushima P, Mansoor A & Stetler-
Stevenson M (1998b) In vitro suppression of programmed cell death of B cells by 
tissue inhibitor of metalloproteinases-1. J Clin Invest 102: 2002–2010. 



 114 

Guedez K, McMarlin AJ, Kingma DW, Bennett TA, Stetler-Stevenson M & Stetler-
Stevenson WG (2001) Tissue inhibitor of metalloproteinase-1 alters the 
tumorigenicity of Burkitt’s lymphoma via divergent effects on tumor growth and 
angiogenesis. Am J Pathol 158: 1207–1215. 

Guedez L, Martinez A, Zhao S, Vivero A, Pittaluga S, Stetler-Stevenson M, Raffeld M & 
Stetler-Stevenson WG (2005) Tissue inhibitor of metalloproteinase 1 (TIMP-1) 
promotes plasmablastic differentation of a Burkitt lymphoma cell line: implications in 
the pathogenesis of plasmacytic/plasmablastic tumors. Blood 105: 1660–1668. 

Haas RLM, Poortmans P, de Jong D, Aleman BMP, Dewit LGH, Verheij M, Hart AAM, 
van Oers MHJ, van der Hulst M, Baars JW & Bartelink H (2003) High response rates 
and lasting remissions after low-dose involved field radiotherapy in indolent 
lymphomas. J Clin Oncol 21: 2474–2480. 

Hainaut P & Hollstein M (2000) p53 and human cancer: the first ten thousands mutations. 
Adv Cancer Res 77: 81–137. 

Hainaut P & Wiman KG (2007) 25 years of p53 research. Dordrecht: Springer. 
Halfdanarson TR, Litzow MR & Murray JA (2007) Hematologic manifestations of celiac 

disease. Blood 109: 412–421. 
Hans CP, Weisenburger DD, Greiner TC, Gascoyne RD, Delabie J, Ott G, Müller-

Hermelink HK, Campo E, Braziel RM, Jaffe ES, Pan Z, Farinha P, Smith LM, Falini 
B, Banham AH, Rosenwald A, Staudt LM, Connors JM, Armitage JO & Chan WC 
(2004) Confirmation of the molecular classification of diffuse large B-cell lymphoma 
by immunohistochemistry using tissue microarray. Blood 103: 275–282. 

Harjunpää A, Taskinen M, Nykter M, Karjalainen-Lindsberg ML, Nyman H, Monni O, 
Hemmer S, Yli-Harja O, Hautaniemi S, Meri S & Leppä S (2006) Differential gene 
expression in non-malignant tumour microenvironment is associated with outcome in 
follicular lymphoma patients treated with rituximab and CHOP. Br J Haematol 135: 
33–42. 

Harris NL, Jaffe ES, Stein H, Banks PM, Chan JK, Cleary ML, Delson G, Wolf-Peeters C, 
Falini B & Gatter KC (1994). A revised European-American classification of 
lymphoid neoplasms: a proposal from the International Lymphoma Study Group. 
Blood 84: 1361–1392. 

Hasenclever D & Diehl V (1998) A prognostic score for advanced Hodgkin’s disease: 
International Prognostic Factors Project on advanced Hodgkin’s disease. N Engl J 
Med 339: 1506–1514. 

Hauzenberger D, Bergström SE, Klominek J & Sundqvist KG (1999) Spectrum of 
extracellular matrix degrading enzymes in normal and malignant T lymphocytes. 
Anticancer Res 19: 1945–1952. 

Hayakawa T, Yamashita K, Tanzawa K, Uchijima E & Iwata K (1992) Growth-promoting 
activity of tissue inhibitor of metalloproteinases-1 (TIMP-1) for a wide range of cells. 
A possible new growth factor in serum. FEBS Lett 298: 29–32. 

Hazar B, Polat G, Seyrek E, Bagdatoglglu Ö, Kanik A & Tiftik N (2004) Prognostic value 
of matrix metalloproteinase’s (MMP-2 and MMP-9) in Hodgkin’s and non-Hodgkin’s 
lymphoma. Int J Clin Pract 58: 139–143. 



 115 

Hiddemann W, Kneba M, Dreyling M, Schmitz N, Lengfelder E, Schmits R, Reiser M, 
Metzner B, Harder H, Hegewisch-Becker S, Fischer T, Kropff M, Reis HE, Freund M, 
Wörmann B, Fuchs R, Planker M, Schimke J, Eimermacher H, Trümper L, Aldaoud A, 
Parwaresch R & Unterhalt M (2005) Frontline therapy with rituximab added to the 
combination of cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) 
significantly improves the outcome for patients with advanced-stage follicular 
lymphoma compared with therapy with CHOP alone: results of a prospective 
randomized study of the German Low-Grade Lymphoma Study Group. Blood 106: 
3725–3732. 

Hipps DS, Hembry RM, Docherty AJ, Reynolds JJ & Murphy G (1991) Purification and 
characterization of human 72-kDa gelatinase (type IV collagenase). Use of 
immunolocalisation to demonstrate the non-coordinate regulation of the 72-kDa and 
95-kDa gelatinases by human fibroblasts. Biol Chem Hoppe Seyler 372: 287–296. 

Hill QA & Owen RG (2006) CNS prophylaxis in lymphoma: who to target and what 
therapy to use. Blood Rev 20: 319–332. 

Hoikkala S, Pääkkö P, Soini Y, Mäkitaro R, Kinnula V & Turpeenniemi-Hujanen T (2006) 
Tissue MMP-2 and MMP-9 are better prognostic factors than serum MMP-2/TIMP-2-
-complex or TIMP-1 in stage I-III lung carcinoma. Cancer Lett 236: 125–132. 

Holten-Andersen MN, Stephens RW, Nielsen HJ, Murphy G, Christensen IJ, Stetler-
Stevenson W & Brunner N (2000) High preoperative plasma tissue inhibitor of 
metalloproteinase-1 levels are associated with short survival of patients with 
colorectal cancer. Clin Cancer Res 6: 4292–4299. 

Holten-Andersen MN, Brünner N, Christensen IJ, Jensen V & Nielsen HJ (2002) Levels of 
tissue inhibitor of metalloproteinases-1 in blood transfusion components. Scand J Clin 
Lab Invest 62: 223–230. 

Honkavuori M, Talvensaari-Mattila A, Soini Y, Turpeenniemi-Hujanen T & Santala M 
(2007) MMP-2 expression associates with CA 125 and clinical course in endometrial 
carcinoma. Gynecol Oncol 104: 217–221. 

Horsman DE, Gascoyne RD, Coupland RW, Coldman AJ & Adomat SA (1995) 
Comparison of cytogenetic analysis, Southern analysis, and polymerase chain reaction 
for the detection of t(14;18) in follicular lymphoma. Am J Clin Pathol 4: 472–478. 

Huang S, Stupack D, Liu A, Cheresh D & Nemerow GR (2000) Cell growth and matrix 
invasion of EBV-immortalized human B lymphocytes is regulated by expression of 
alpha(v) integrins. Oncogene 19: 1915–1923. 

Hsu SM, Raine L & Fanger H (1981) The use of avidin-biotin-peroxidase complex (ABC) 
in immunoperoxidase techniques: a comparison between ABC and unlabelled 
antibody (PAP) procedures. J Histochem Cytochem 29: 557–580. 

Huhtala P, Tuuttila A, Chow LT, Lohi J, Keski-Oja J & Tryggvason K (1991) Complete 
structure of the human gene for 92-kDa type IV collagenase. Divergent regulation of 
expression for the 92- and 72-kilodalton enzyme genes in HT-1080 cells. J Biol Chem 
266: 16485–16490. 



 116 

Husain A, Roberts D, Pro B, McLaughlin P & Esmaeli B (2007) Meta-analyses of the 
association between Chlamydia psittaci and ocular adnexal lymphoma and the 
response of ocular adnexal lymphoma to antibiotics. Cancer 4: 809–815. 

IPI project (1993) A predictive model for aggressive non-Hodgkin’s lymphoma. The 
International Non-Hodgkin’s Lymphoma Prognostic Factor Project. N Engl J Med 
329: 987–994. 

Itoh T, Tanioka M, Yoshida H, Yoshioka T, Nishimoto H & Itohara S (1998) Reduced 
angiogenesis and tumor progression in gelatinase A-deficient mice. Cancer Res 58: 
1048–1051. 

Jarrett RF (2002) Viruses and Hodgkin’s lymphoma. Ann Oncol 13: 23–29. 
Jerkeman M, Anderson H, Dictor M, Kvaløy S, Åkerman M & Cavallin-Ståhl E (2004) 

Assessment of biological prognostic factors provides clinically relevant information in 
patients with diffuse large B-cell lymphoma – a Nordic Lymphoma Group study. Ann 
Hematol 83: 414–419. 

Jiang Y, Goldberg ID & Shi YE (2002) Complex roles of tissue inhibitors of 
metalloproteinases in cancer. Oncogene 21: 2245–2252. 

Jung K, Lein M, Laube C & Lichtinghagen R (2001) Blood specimen collection methods 
influence the concentration and the diagnostic validity of matrix metalloproteinase-9 
in blood. Clin Chim Acta 314: 241–244. 

Jung K (2005) Serum or plasma: what kind of blood sample should be used to measure 
circulating matrix metalloproteinases and their inhibitors? J Neuroimmunol 162: 1–2. 

Jung JT, Kim DH, Kwak EK, Kim JG, Park TI, Sohn SK, Do YR, Kwon KY, Song HS, 
Park EH & Lee KB (2006) Clinical role of Bcl-2, Bax, or p53 overexpression in 
peripheral T-cell lymphomas. Ann Hematol 85: 575–581. 

Kallakury BV, Karikehalli S, Haholu A, Sheehan CE, Azumi N & Ross JS (2001) 
Increased expression of matrix metalloproteinases 2 and 9 and tissue inhibitors of 
metalloproteinases 1 and 2 correlate with poor prognostic variables in renal cell 
carcinoma. Clin Cancer Res 7: 3113–3119. 

Kanayama H, Yokota K, Kurokawa Y, Murakami Y, Nishitani M & Kagawa S (1998) 
Prognostic values of matrix metalloproteinase-2 and tissue inhibitor of 
metalloproteinase-2 expression in bladder cancer. Cancer 82: 1359–1366. 

Kewalramani T, Zelenetz AD, Nimer SD, Portlock C, Straus D, Noy A, O´Connor O, 
Filippa DA, Teruya-Feldstein J, Gencarelli A, Qin J, Waxman A, Yahalom J & 
Moskowitz CH (2004) Rituximab and ICE as second-line therapy before autologous 
stem cell transplantation for relapsed or primary refractory difuse large B-cell 
lymphoma. Blood 103: 3684–3688. 

Kihara C, Seki T, Furukawa Y, Yamana H, Kimura Y, van Schaardenburgh P, Hirata K & 
Nakamura Y (2000) Mutations in zinc-binding domains of p53 as a prognostic marker 
of esophageal-cancer patients. Jpn J Cancer Res 91: 190–198. 

Kinoshita T, Sato H, Okada A, Ohuchi E, Imai K, Okada Y & Seiki M (1998) TIMP-2 
promotes activation of progelatinase A by membrane-type 1 matrix metalloproteinase 
immobilized on agarose beads. J Biol Chem 273: 16098–16103. 



 117 

Klapper W, Hoster E, Rölver L, Schrader C, Janssen D, Tiemann M, Bernd HW, 
Determann O, Hansmann ML, Möller P, Feller A, Stein H, Wacker HH, Dreyling M, 
Unterhalt M, Hiddemann W & Ott G (2007) Tumor sclerosis but not cell proliferation 
or malignancy grade is a prognostic marker in advanced-stage follicular lymphoma: 
the German Low Grade Lymphoma Study Group. J Clin Oncol 25: 3330–3336. 

Ko LJ & Prives C (1996) p53: puzzle and paradigm. Genes Dev 10: 1054–1072. 
Kodate M, Kasai T, Hashimoto H, Yasumoto K, Iwata Y & Manabe H (1997) Expression 

of MMP (gelatinase) in T1 adenocarcinoma of the lung. Pathol Int 47: 461–469. 
Kodoru PR, Raju K, Vadmal V, Menezes G, Shah S, Susin M, Kolitz J & Broome JD 

(1997) Correlation between mutation in P53, p53 expression, cytogenetics, histologic 
type, and survival in patients with B-cell non-Hodgin’s lymphoma. Blood 90: 4078–
4091. 

Kohn E & Liotta L (1995) Molecular insights into cancer invasion: strategies for 
prevention and intervention. Cancer Res 55: 1856–1862. 

Kossakowska AE, Urbanski SJ & Edwards DR (1991) Tissue inhibitor of 
metalloproteinases-1 (TIMP-1) RNA is expressed at elevated levels in malignant non-
Hodgkin’s lymphomas. Blood 77: 2475–2481. 

Kossakowska AE, Urbanski SJ, Huchcroft SA & Edwards DR (1992) Relationship 
between the clinical aggressiveness of large cell immunoblastic lymphomas and 
expression of 92 kDa gelatinase (type IV collagenase) and tissue inhibitor of 
metalloproteinases-1 (TIMP-1) RNAs. Oncol Res 4: 233–240. 

Kossakowska AE, Urbanski SJ, Watson A, Hayden LJ & Edwards DR (1993) Patterns of 
expression of metalloproteinases and their inhibitors in human malignant lymphomas. 
Oncol Res 5: 19–28. 

Kossakowska AE, Hinek A, Edwards DR, Lim MS, Zhang CL, Breitman DR, 
Prusinkiewickz C, Stabbler AL, Urbanski LS & Urbanski SJ (1998) Proteolytic 
activity of human non-Hodgkin’s lymphomas. Am J Pathol 152: 565–576. 

Kotra LP, Zhang L, Fridman R, Orlando R & Mobashery S (2002) N-Glycosylation pattern 
of the zymogenic form of human matrix metalloproteinase-9. Bioorg Chem 30: 356–
370. 

Krug U, Ganser A & Koeffler HP (2002) Tumor suppressor genes in normal and malignant 
hematopoiesis. Oncogene 21: 3475–3495. 

Kuittinen O, Savolainen ER, Koistinen P & Turpeenniemi-Hujanen T (1999) Gelatinase A 
and B (MMP-2, MMP-9) in leukaemia MMP-2 may indicate a good prognosis in 
AML. Anticancer Res 19: 4395–4400. 

Kuittinen O, Savolainen ER, Koistinen P, Möttönen M & Turpeenniemi-Hujanen T (2001) 
MMP-2 and MMP-9 expression in adult and childhood acute lymphatic leukemia 
(ALL). Leuk Res 25: 125–131. 

Kuittinen O, Soini Y & Turpeenniemi-Hujanen T (2002) Diverse role of MMP-2 and 
MMP-9 in the clinicopathological behavior of Hodgkin’s lymphoma. Eur J Haematol 
69: 205–212. 



 118 

Kuittinen O, Apaja-Sarkkinen M & Turpeenniemi-Hujanen T (2003) Gelatinases (MMP-2, 
MMP-9), TIMP-1 expression and extent of neovascularization in aggressive non-
Hodgkin`s lymphomas. Eur J Haematol 71: 91–99. 

Kupferman ME, Fini ME, Muller WJ, Weber R, Cheng Y & Muschel RJ (2000) Matrix 
metalloproteinase 9 promoter activity is induced coincident with invasion during 
tumor progression. Am J Pathol 157: 1777–1783. 

Kurizaki T, Toi M & Tominaga T (1998) Relationship between matrix metalloproteinase 
expression and tumor angiogenesis in human breast carcinoma. Oncol Rep 5: 673–677. 

Kurschat P, Zigrino P, Nischt R, Breitkopf K, Steurer P, Klein CE, Krieg T & Mauch C 
(1999) Tissue inhibitor of matrix metalloproteinase-2 regulates matrix 
metalloproteinase-2 activation by modulation of membrane-type 1 matrix 
metalloproteinase activity in high and low invasive melanoma cell lines. J Biol Chem 
274: 21056–21062. 

Kuvaja P, Talvensaari-Mattila A, Pääkkö P & Turpeenniemi-Hujanen T (2005) The 
absence of immunoreactivity for tissue inhibitor of metalloproteinase-1 (TIMP-1) but 
not for TIMP-2 protein is associated with a favourable prognosis in aggressive breast 
carcinoma. Oncology 68: 196–203. 

Kuvaja P, Talvensaari-Mattila A, Pääkkö P & Turpeenniemi-Hujanen T (2006) Low serum 
level of pro-matrix metalloproteinase 2 correlates with aggressive behavior in breast 
carcinoma. Hum Pathol 37: 1316–1323. 

Kuvaja P, Talvensaari-Mattila A & Turpeenniemi-Hujanen T (2008) High preoperative 
plasma TIMP-1 is prognostic for early relapse in primary breast carcinoma. Int J 
Cancer 123: 846–851. 

Kähäri VM & Saarialho-Kere U (1999) Matrix metalloproteinases and their inhibitors in 
tumour growth and invasion. Ann Med 31: 34–45. 

Lalancette M, Aoudjit F, Potworowski EF & St-Pierre Y (2000) Resistance of ICAM-1 
deficient mice to metastasis overcome by increased aggressiveness of lymphoma cells. 
Blood 95: 314–319. 

Lambert E, Dasse E, Haye B & Petitfrere E (2004) TIMPs as multifunctional proteins. Crit 
Rev Oncol Hematol 49: 187–198. 

Lamoreaux WJ, Fitzgerald ME, Reiner A, Hasty KA & Charles ST (1998) Vascular 
endothelial growth factor increases release of gelatinase A and decreases release of 
tissue inhibitor of metalloproteinases by microvascular endothelial cells in vitro. 
Microvasc Res 55: 29–42. 

Lehti K, Lohi J, Valtanen H & Keski-Oja J (1998) Proteolytic processing of membrane-
type-1 matrix metalloproteinase is associated with gelatinase A activation at the cell 
surface. Biochem J 334: 345–353. 

Leppert D, Waubant E, Galardy R, Bunnett NW & Hauser SL (1995) T cell gelatinases 
mediate basement membrane transmigration in vitro. J Immunol 154: 4379–4389. 

Leppä S, Saarto T, Vehmanen L, Blomqvist C & Elomaa I (2004) A high serum matrix 
metalloproteinase-2 level is associated with an adverse prognosis in node-negative 
breast carcinoma. Clin Cancer Res 10: 1057–1063. 



 119 

Leroy K, Haioun C, Lepage E, Le Metayer N, Berger F, Labouyrie E, Meignin V, Petit B, 
Bastard C, Salles G, Gisselbrecht C, Reyes F & Gaulard P (2002) p53 gene mutations 
are associated with poor survival in low and low-intermediate risk diffuse large B-cell 
lymphomas. Ann Oncol 13: 1108–1115. 

Lin LI, Lin DT, Chang CJ, Lee CY, Tang JL & Tien HF (2002) Marrow matrix 
metalloproteinases (MMPs) and tissue inhibitors of MMP in acute leukaemia: 
potential role of MMP-9 as a surrogate marker to monitor leukaemic status in patients 
with acute myelogenous leukaemia. Br J Haematol 117: 835–841. 

Linch DC, Winfield D, Goldstone AH, Moir D, Hancock B, McMillan A, Chopra R, 
Milligan D & Hudson GV (1993) Dose intensification with autologous bone-marrow 
transplantation in relapsed and resistant Hodgkin’s disease: results of a BNLI 
randomised trial. Lancet 341: 1051–1054. 

Liotta LA (1986) Tumor invasion and metastases – role of the extracellular matrix: Rhoads 
Memorial Award lecture. Cancer Res 46: 1–7. 

Liotta LA & Stetler-Stevenson WG (1991) Tumor invasion and metastasis: an imbalance 
of positive and negative regulation. Cancer Res 51: 5054–5059. 

Llanos M, Alvarez-Arguelles H, Aleman R, Oramas J, Diaz-Flores L & Batista N (2001) 
Prognostic significance of Ki-67 nuclear proliferative antigen, bcl-2 protein, and p53 
expression in follicular and diffuse large B-cell lymphoma. Med Oncol 18: 15–22. 

Lo Coco F, Gaidano G, Louie DC, Offit K, Chaganti RS & Dalla-Favera R (1993) p53 
mutations are associated with histologic transformation of follicular lymphoma. Blood 
82: 2289–2295. 

Mac Manus MP & Hoppe RT (1996) Is radiotherapy curative for stage I and II low-grade 
follicular lymphoma? Results of a long-term follow-up study of patients treated at 
Stanford University. J Clin Oncol 14: 1282–1290. 

Maggio EM, Stekelenburg E, Van den Berg A & Poppema S (2001) TP53 gene mutations 
in Hodgkin lymphoma are infrequent and not associated with absence of Epstein-Barr 
virus. Int J Cancer 94: 60–66. 

Makowski GS & Ramsby ML (2003) Use of citrate to minimize neutrophil matrix 
metalloproteinase-9 in human plasma. Anal Biochem 322: 283–286. 

Mannello F (2003a) Effects of blood collection methods on gelatin zymography of matrix 
metalloproteinases. Clin Chem 49: 339–340. 

Mannello F, Luchetti F, Canonino B & Papa S (2003b) Effect of anticoagulats and cell 
separation media as preanalytical determinants on zymographic analysis of plasma 
matrix metalloproteinases. Clin Chem 49: 1956–1957. 

Mattu TS, Royle L, Langridge J, Wormald MR, Van den Steen PE, Van Damme J, 
Opdenakker G, Harvey DJ, Dwek RA & Rudd PM (2000) O-glycan analysis of 
natural human neutrophil gelatinase B using a combination of normal phase-HPLC 
and online tandem mass spectrometry: implications for the domain organization of the 
enzyme. Biochemistry 39: 15695–15704. 



 120 

McShane LM, Aamodt R, Cordon-Cardo C, Cote R, Faraggi D, Fradet Y, Grossman HB, 
Peng A, Taube SE & Waldman FM (2000) Reproducibility of p53 
immunohistochemistry in bladder tumors. National Cancer Institute, Bladder Tumor 
Marker Network. Clin Cancer Res 6: 1854–1864. 

Miettinen M, Franssila KO & Saxén E (1983) Hodgkin’s disease, lymphocytic 
predominance nodular. Increased risk for subsequent non-Hodgkin’s lymphomas. 
Cancer 51: 2293–2300. 

Miller TP, Dahlberg S, Cassady JR, Adelstein DJ, Spier CM, Grogan TM, LeBlanc M, 
Carlin S, Chase E & Fisher RI (1998) Chemotherapy alone compared with 
chemotherapy plus radiotherapy for localized intermediate- and high-grade non-
Hodgkin’s lymphoma. N Engl J Med 339: 21–26. 

Miller TP, Grogan TM, Dahlberg S, Spier CM, Braziel RM, Banks PM, Foucar K, 
Kjeldsberg CR, Levy N, Nathwani BN, Schnitzer B, Tubbs RR, Gaynor ER & Fisher 
RI (1994) Prognostic significance of the Ki-67-associated proliferative antigen in 
aggressive non-Hodgkin’s lymphomas: a prospective Southwest Oncology Group trial. 
Blood 83: 1460–1466. 

Mohan R, Sivak J, Ashton P, Russo LA, Pham BQ, Kasahara N, Raizman MB & Fini ME 
(2000) Curcuminoids inhibit angiogenetic response stimulated by fibroblast growth 
factor-2, including expression of matrix metalloproteinase gelatinase B. J Biol Chem 
275: 10405–10412. 

Montalbán C, Garcia JF, Abraira V, González-Camacho L, Morente MM, Bello JL, Conde 
E, Cruz MA, García-Sanz R, García-Larana J, Grande C, Llanos M, Martínez R, 
Flores E, Méndez M, Ponderós C, Rayón C, Sánchez-Godoy P, Zamora J, Piris MA; 
Spanish Hodgkin’s Lymphoma Study Group (2004) Influence of biologic markers on 
the outcome of Hodgkin’s lymphoma: A study by the Spanish Hodgkin’s Lymphoma 
Study Group. J Clin Oncol 22: 1664–1673. 

Montesinos-Rongen M, Roers A, Klüppers R, Rajewsky K & Hansmann ML (1999) 
Mutation of the p53 gene is not a typical feature of Hodgkin and Reed-Sternberg cells 
in Hodgkin’s disease. Blood 94: 1755–1760. 

Morente MM, Piris MA, Abraira V, Acevedo A, Aguilera B, Bellas C, Fraga M, Carcia-
Del-Mora R, Gomez-Marcos F, Menarguez J, Oliva H, Sanchez-Beato M & 
Montalban C (1997) Adverse clinical outcome in Hodgkin’s disease is associated with 
loss of retinoblastoma protein expression, high Ki67 proliferation index, and absence 
of Epstein-Barr virus-latent membrane protein 1 expression. Blood 90: 2429–2436. 

Morgunova E, Tuuttila A, Bergmann U, Isupov M, Lindqvist Y, Schneider G & 
Tryggvason K (1999) Structure of human pro-matrix metalloproteinase-2: activation 
mechanism revealed. Science 284: 1667–1670. 

Morgunova E, Tuuttila A, Bergmann U & Tryggvason K (2002) Structural insight into the 
complex formation of latent matrix metalloproteinase 2 with tissue inhibitor of 
metalloproteinase 2. Proc Natl Acad Sci USA 99: 7414–7419. 

Murphy G & Crabbe T (1995) Gelatinases A and B. Methods Enzymol 248: 470–484. 
Nagase H, Visse R & Murphy G (2006) Structure and functions of matrix 

metalloproteinases and TIMPs. Cardiovasc Res 69: 562–573. 



 121 

Nakopoulou L, Giannopoulou I, Stefanaki K, Panayotopoulou E, Tsirmpa I, Alexandrou 
PP, Mavrommatis J, Katsarou S & Darvaris P (2002) Enhanced mRNA expression of 
tissue inhibitor of metalloproteinase-1 (TIMP-1) in breast carcinomas is correlated 
with adverse prognosis. J Pathol 197: 307–313. 

Nemeth JA, Rafe A, Steiner M & Goolsby CL (1996) TIMP-2 growth-stimulatory activity: 
a concentration- and cell type-specific response in the presence of insulin. Exp Cell 
Res 224: 110–115. 

Newman RG, Kitchell BE, Wallig MA & Paria B (2008) The cloning and expression of 
matrix metalloproteinase-2 and tissue inhibitor of matrix metalloproteinase 2 in 
normal canine lymph nodes and in canine lymphoma. Res Vet Sci 84: 206–214. 

Nyman H, Adde M, Karjalainen-Lindsberg ML, Taskinen M, Berglund M, Amini RM, 
Blomqvist C, Enblad G & Leppä S (2007) Prognostic impact of 
immunohistochemically defined germinal center phenotype in diffuse large B-cell 
lymphoma patients treated with immunochemotherapy. Blood 109: 4930–4935. 

Nyman H, Jantunen E, Juvonen E, Elonen E, Bohm J, Kosma VM, Enblad G, Karjalainen-
Lindsberg ML & Leppä S (2008) Impact of germinal center and non-germinal center 
phenotypes on overall and failure-free survival after high-dose chemotherapy and 
auto-SCT in primary diffuse large B-cell lymphoma. Bone Marrow Transplant 42: 93–
98. 

Oberg A, Höyhtyä M, Tavelin B, Stenling R & Lindmark G (2000) Limited value of 
preoperative serum analyses of matrix metalloproteinases (MMP-2, MMP-9) and 
tissue inhibitors of matrix metalloproteinases (TIMP-1, TIMP-2) in colorectal cancer. 
Anticancer Res 20: 1085–1091. 

Oelmann E, Herbst H, Zühlsdorf M, Albrecht O, Nolte A, Schmitmann C, Manzke O, 
Diehl V, Stein H & Berdel WE (2002) Tissue inhibitor of metalloproteinases 1 is an 
autocrine and paracrine survival factor, with additional immune-regulatory functions, 
expressed by Hodgkin/Reed-Sternberg cells. Blood 99: 258–267. 

Oh J, Takahashi R, Adachi E, Kondo S, Kuratomi S, Noma A, Alexander DB, Motoda H, 
Okada A, Seiki M, Olson MW, Gervasi DC, Mobashery S & Fridman R (1997) 
Kinetic analysis of the binding of human matrix metalloproteinase-2 and -9 to tissue 
inhibitor of metalloproteinase (TIMP)-1 and TIMP-2. J Biol Chem 272: 29975–29983. 

Opelz G & Dohler B (2003) Lymphomas after solid organ transplantation: a collaborative 
transplant study report. Am J Transplant 4: 222–230. 

O’Reilly MS, Wiederschain D, Stetler-Stevenson WG, Folkman J & Moses MA (1999) 
Regulation of angiostatin production by matrix metalloproteinase-2 in a model of 
concomitant resistance. J Biol Chem 274: 29568–29571. 

O’Shea D, O’Riain C, Taylor C, Waters R, Carlotti E, MacDougall F, Gribben J, 
Rosenwald A, Ott G, Rimsza LM, Smeland EB, Johnson N, Campo E, Greiner TC, 
Chan WC, Gascoyne RD, Wright G, Staudt LM, Lister TA & Fitzgibbon J (2008) The 
presence of TP53 mutation at diagnosis of follicular lymphoma identifies a high-risk 
group of patients with shortened time to disease progression and poorer overall 
survival. Blood 112: 3126–3129. 



 122 

Orlandi E, Lazzarino M, Brusamolino E, Paulli M, Astori C, Magrini U & Bernasconi C 
(1997) Nodular lymphocyte predominance Hodgkin’s disease: long-term observation 
reveals a continuous pattern of recurrence. Leuk Lymphoma 26: 359–368. 

Papadimitriou MN, Menter DG, Konstantopoulos K, Nicolson GL & McIntire LV (1999) 
Integrin alpha4beta1/VCAM-1 pathway mediates primary adhesion of RAW117 
lymphoma cells to hepatic sinusoidal endothelial cells under flow. Clin Exp 
Metastasis 17: 669–676. 

Patterson BC & Sang QA (1997) Angiostatin-converting enzyme activities of human 
matrilysin (MMP-7) and gelatinase B/type IV collagenase (MMP-9). J Biol Chem 272: 
28823–28825. 

Pauli BU & Knudson W (1988) Tumor invasion: a consequence of destructive and 
compositional matrix alterations. Hum Pathol 19: 628–639. 

Pei D & Weiss SJ (1996) Transmembrane-deletion mutants of the membrane-type matrix 
metalloproteinase-1 process progelatinase A and express intrinsic matrix-degrading 
activity. J Biol Chem 271: 9135–9140. 

Pellikainen JM, Ropponen KM, Kataja VV, Kellokoski JK, Eskelinen MJ & Kosma VM 
(2004) Expression of matrix metalloproteinase (MMP)-2 and MMP-9 in breast cancer 
with a special reference to activator protein-2, HER2, and prognosis. Clin Cancer Res 
10: 7621–7628. 

Peppin GJ & Weiss SJ (1986) Activation of the endogenous metalloproteinase, gelatinase, 
by triggered human neutrophils. Proc Natl Acad Sci USA 83: 4322–4326. 

Pfreundschuh M, Trümper L, Kloess M, Schmits R, Feller AC, Rudolph C, Reiser M, 
Hossfeld DK, Metzner B, Hasenclever S, Schmitz N, Glass B, Rübe C, Loeffler M; 
German High-Grade Non-Hodgkin’s Lymphoma Study Group (2004a) Two-weekly 
or 3 weekly CHOP chemotherapy with or without etoposide for the treatment of 
young patients with good-prognosis (normal LDH) aggressive lymphomas: results of 
the NHL-B1 trial of the DSHNHL. Blood 104: 626–633. 

Pfreundschuh M, Trümper L, Kloess M, Schmits R, Feller AC, Rübe C, Rudolph C, Reiser 
M, Hossfeld DK, Eimermacher H, Hasenclever D, Schmitz N, Loeffler M; German 
High-Grade Non-Hodgkin’s Lymphoma Study Group (2004b) Two-weekly or 3-
weekly CHOP chemotherapy with or without etoposide for the treatment of erderly 
patients with aggressive lymphomas: results of the NHL-B2 trial of the DSHNHL. 
Blood 104: 634–641. 

Pfreundschuh M, Trümper L, Österborg A, Pettengell R, Trneny M, Imrie K, Ma D, Gill D, 
Walewski J, Zinzani PL, Stahel R, Kvaloy S, Shpilberg O, Jaeger Ulrich, Hansen M, 
Lehtinen T, Lopez-Guillermo A, Carrado C, Scheliga A, Milpied N, Mendila M, 
Rashford M, Kuhnt E & Loeffler M (2006) CHOP-like chemotherapy plus rituximab 
versus CHOP-like chemotherapy alone in young patients with good-prognosis diffuse 
large-B-cell lymphoma: a randomised controlled trial by the MabThera International 
Trial (MInT) Group. Lancet Oncol 7: 379–391. 



 123 

Pfreundschuh M, Schubert J, Ziepert M, Schmits R, Mohren M, Lengfelder E, Reiser M, 
Nickenig C, Clemens M, Peter N, Bokemeyer C, Eimermacher H, Ho A, Hoffmann M, 
Mertelsmann R, Trümper L, Balleisen L, Liersch R, Metzner B, Hartmann F, Glass B, 
Poeschel V, Schmitz N, Ruebe C, Feller AC & Loeffler M (2008) Six versus eight 
cycles of bi-weekly CHOP-14 with or without rituximab in elderly patients with 
aggressive CD20+B-cell lymphomas: a randomised controlled trial (RICOVER-60). 
Lancet Oncol 9: 105–116. 

Pinheiro GS, Silva MRR, Rodrigues CA, Kerbauy J & de Oliveira JS (2007) Proliferating 
cell nuclear antigen (PCNA), p53 and MDM2 expression in Hodgkin’s disease. Sao 
Paulo Med J 125: 77–84. 

Prokocimer M & Rotter V (1994) Structure and function of p53 in normal cells and their 
aberrations in cancer cells: projection on the hematologic cell lineages. Blood 84: 
2391–2411. 

Preudhomme C & Fenaux P (1997) The clinical significance of mutations of the P53 
tumour suppressor gene in haematological malignancies. Br J Haematol 98: 502–511. 

Rahko E, Jukkola A, Melkko J, Paavo P, Bloigu R, Talvensaari-Mattila A & 
Turpeenniemi-Hujanen T (2004) Matrix metalloproteinase-9 (MMP-9) 
immunoreactive protein has modest prognostic value in locally advanced breast 
carcinoma patients treated with an adjuvant antiestrogen therapy. Anticancer Res 24: 
4247–4253. 

Ramos-DeSimone N, Hahn-Dantona E, Sipley J, Nagase H, French DL & Quigley JP 
(1999) Activation of matrix metalloproteinase-9 (MMP-9) via a converging 
plasmin/stromelysin-1 cascade enhances tumor cell invasion. J Biol Chem 274: 
13066–13076. 

Rauvala M, Puistola U & Turpeenniemi-Hujanen T (2005) Gelatinases and their tissue 
inhibitors in ovarian tumors; TIMP-1 is a predictive as well as a prognostic factor. 
Gynecol Oncol 99: 656–663. 

Rauvala M, Aglund K, Puistola U, Turpeenniemi-Hujanen T, Horvath G, Willén R & 
Stendahl U (2006) Matrix metalloproteinase-2 and -9 in cervical cancer: different 
roles in tumor progression. Int J Gynecol Cancer 16: 1297–1302. 

Ree AH, Florenes VA, Berg JP, Maelandsmo GM, Nesland JM & Fodstad O (1997) High 
levels of messenger RNAs for tissue inhibitors of metalloproteinases (TIMP-1 and 
TIMP-2) in primary breast carcinomas are associated with development of distant 
metastases. Clin Cancer Res 3: 1623–1628. 

Remacle A, McCarthy K, Noël A, Maguire T, McDermott E, O’Higgins N, Foidart JM & 
Duffy MJ (2000) High levels of TIMP-2 correlate with adverse prognosis in breast 
cancer. Int J Cancer 89: 118–121. 

Reynolds JJ, Hembry RM & Meikle MC (1994) Connective tissue degradation in health 
and periodontal disease and the roles of matrix metalloproteinases and their natural 
inhibitors. Adv Dent Res 8: 312–319. 

Ritter LM, Garfield SH & Thorgeirsson UP (1999) Tissue inhibitor of metalloproteinases-
1 (TIMP-1) binds to the cell surface and translocates to the nucleus of human MCF-7 
breast carcinoma cells. Biochem Biophys Res Commun 257: 494–499. 



 124 

Rodriguez MA, Cabanillas FC, Velasquez W, Hagemeister FB, McLaughlin P, Swan F & 
Romaguera JE (1995) Results of a salvage treatment program for relapsing lymphoma: 
MINE consolidated with ESHAP. J Clin Oncol 13: 1734–1741. 

Rudd PM, Mattu TS, Masure S, Bratt T, Van den Steen PE, Wormald MR, Kuster B, 
Harvey DJ, Borregaard N, Van Damme J, Dwek RA & Opdenakker G (1999) 
Glycosylation of natural human neutrophil gelatinase B and neutrophil gelatinase B-
associated lipocalin. Biochemistry 38: 13937–13950. 

Ruokolainen H, Pääkkö P & Turpeenniemi-Hujanen T (2004) Expression of matrix 
metalloproteinase-9 in head and neck squamous cell carcinoma, a potential marker for 
prognosis. Clin Cancer Res 10: 3110–3116. 

Ruokolainen H, Pääkkö P & Turpeenniemi-Hujanen T (2005a) Tissue inhibitor of matrix 
metalloproteinase-1 is prognostic in head and neck squamous cell carcinoma: 
comparison of the circulating and tissue immunoreactive protein. Clin Cancer Res 11: 
3257–3264. 

Ruokolainen H, Pääkkö P & Turpeenniemi-Hujanen T (2005b) Serum matrix 
metalloproteinase-9 in head and neck squamous cell carcinoma is a prognostic marker. 
Int J Cancer 116: 422–427. 

Ruokolainen H, Pääkkö P & Turpeenniemi-Hujanen T (2006) Tissue and circulating 
immunoreactive protein for MMP-2 and TIMP-2 in head and neck squamous cell 
carcinoma—tissue immunoreactivity predicts aggressive clinical course. Mod Pathol 
19: 208–217. 

Rust R, Blokzijl T, Harms G, Lim M, Visser L, Kamps WA, Poppema S & van den Berg A 
(2005) TIMP-1 expression in anaplastic large cell lymphoma is usually restricted to 
macrophages and only seldom observed in tumour cells. J Pathol 206: 445–450. 

Sakata K, Satoh M, Someya M, Asanuma H, Nagakura H, Oouchi A, Nakata K, Kogawa K, 
Koito K, Hareyama M & Himi T (2004) Expression of matrix metalloproteinase 9 is a 
prognostic factor in patients with non-Hodgkin lymphoma. Cancer 100: 356–365. 

Sakata K, Someya M, Omatsu M, Asanuma H, Hasegawa, T, Hareyama M & Himi T 
(2007) The enhanced expression of the matrix metalloproteinase 9 in nasal NK/T-cell 
lymphoma. BMC Cancer 7: 229. 

Sander CA, Yano T, Clark HM, Harris C, Longo DL, Jaffe ES & Raffeld M (1993) p53 
mutation is associated with progression in follicular lymphoma. Blood 82: 1994–2004. 

Sang QA, Bodden MK & Windsor LJ (1996) Activation of human progelatinase A by 
collagenase and matrilysin: activation of procollagenase by matrilysin. J Protein Chem 
15: 243–253. 

Schmitz N, Pfistner B, Sextro M, Sieber M, Carella AM, Haenel M, Boissevain F, 
Zschaber R, Müller P, Kirchner H, Lohri A, Decker S, Koch B, Hasenclever D, 
Goldstone AH, Diehl V, German Hodgkin’s Lymphoma Study Group; Lymphoma 
Working Party of the European Group for Blood and Marrow Transplantation (2002) 
Aggressive conventional chemotherapy compared with high-dose chemotherapy with 
autologous haemopoietic stem-cell transplantation for relapsed chemosensitive 
Hodgkin’s disease: a randomised trial. Lancet 359: 2065–2071. 



 125 

Schmitz-Drager BJ, Goebell PJ, Ebert T & Fradet Y (2000) p53 immunohistochemistry as 
a prognostic marker in bladder cancer. Playground for urology scientists? Eur Urol 38: 
691–700. 

Schouten HC, Qian W, Kvaloy S, Porcellini A, Hagberg H, Johnsen HE, Doorduijn JK, 
Sydes MR & Kvalheim G (2003) High-dose therapy improves progression-free 
survival and survival in relapsed follicular non-Hodgkin’s lymphoma: results from the 
randomized European CUP trial. J Clin Oncol 21: 3918–3927. 

Scorilas A, Karameris A, Arnogiannaki N, Ardavanis A, Bassilopoulos P, Trangas T & 
Talieri M (2001) Overexpression of matrix-metalloproteinase-9 in human breast 
cancer: a potential favourable indicator in node-negative patients. Br J Cancer 84: 
1488–1496. 

Sebban C, Brice P, Delarue R, Haioun C, Souleau B, Mounier N, Brousse N, Feugier P, 
Tilly H, Solal-Céligny P & Coiffier B (2008) Impact of rituximab and/or high-dose 
therapy with autotransplant at time of relapse in patients with follicular lymphoma: a 
GELA study. J Clin Oncol 26: 3614–3620. 

Sehn LH, Donaldson J, Chhanabnai M, Fitzgerald C, Gill K, Klasa R, MacPherson N, 
O’Reilly S, Spinelli JJ, Sutherland J, Wilson KS, Gascoyne RD & Connors JM (2005) 
Introduction of combined CHOP plus rituximab therapy dramatically improved 
outcome of diffuse large B-cell lymphoma in British Columbia. J Clin Oncol 23: 
5027–5033. 

Sehn LH, Berry B, Chhanabhai M, Fitzgerald C, Gill K, Hoskins P, Klasa R, Savage KJ, 
Shenkier T, Sutherland J, Gascoyne RD & Connors JM (2007) The revised 
International Prognostic Index (R-IPI) is a better predictor of outcome than the 
standard IPI for patients with diffuse large B-cell lymphoma treated with R-CHOP. 
Blood 109: 1857–1861. 

Seo DW, Li H, Guedez L, Wingfield PT, Diaz T, Salloum R, Wei BY & Stetler-Stevenson 
WG (2003) TIMP-2 mediated inhibition of angiogenesis: an MMP-independent 
mechanism. Cell 114: 171–180. 

Seymour JF, Pro B, Fuller LM, Manning JT, Hagemeister FB, Romaguera J, Ridriguez 
MA, Ha CS, Smith TL, Ayala A, Hess M, Cox JD, Cabanillas F & McLaughlin P 
(2003) Long-term follow-up of a prospective study of combined modality therapy for 
stage I-II indolent non-Hodgkin’s lymphoma. J Clin Oncol 21: 2115–2122. 

Shamamian P, Pocock BJ, Schwartz JD, Monea S, Chuang N, Whiting D, Marcus SG, 
Galloway AC & Mignatti P (2000) Neutrophil-derived serine proteinases enhance 
membrane type-1 matrix metalloproteinase-dependent tumor cell invasion. Surgery 
127: 142–147. 

Sherif A, Rezk MD, Lawrence M & Weiss MD (2007) Epstein-Barr virus-associated 
lymphoproliferative disorders. Human Pathology 38: 1293–1304. 

Sheu JR, Fong TH, Liu CM, Shen MY, Chen TL, Chang Y, Lu MS & Hsiao G (2004) 
Expression of matrix metalloproteinase-9 in human platelets: regulation of platelet 
activation in in vitro and in vivo studies. Br J Pharmacol 143: 193–201. 



 126 

Shiozawa E, Yamochi-Onizuka T, Yamochi T, Yamamoto Y, Naitoh H, Kawakami K, 
Nakamaki T, Tomoyasu S, Kushima M & Ota H (2003) Disappearance of CD21-
positive follicular dendritic cells preceding the transformation of follicular lymphoma: 
immunohistological study of the transformation using CD21, p53, Ki-67, and 
P-glycoprotein. Pathol Res Pract 199: 293–302. 

Shiraishi K, Eguchi S, Mohri J & Kamiryo Y (2003) P53 mutation predicts intravesical 
adriamycin instillation failure in superficial transitional cell carcinoma of bladder. 
Anticancer Res 23: 3475–3478. 

Shofunda K, Moriyama K, Nishihashi A, Higashi S, Mizushima H, Yasumitsu H, Miki K, 
Sato H, Seiki M & Miyazaki K (1998) Role of tissue inhibitor of metalloproteinases-2 
(TIMP-2) in regulation of pro-gelatinase A activation catalyzed by membrane-type 
matrix metalloproteinase-1 (MT1-MMP) in human cancer cells. Biochemistry (Tokyo) 
124: 462–470. 

Sienal W, Hellers J, Morresi-Hauf A, Lichtinghagen R, Mutschler W, Jochum M, Klein C, 
Passlick B & Pantel K (2003) Prognostic impact of matrix metalloproteinase-9 in 
operable non small cell lung cancer. Int J Cancer 103: 647–651. 

Sier CF, Kubben FJ, Ganesh S, Heerding MM, Griffioen G, Hanemaaijer R, van Krieken 
JH, Lamers CB & Verspaget HW (1996) Tissue levels of matrix metalloproteinases 
MMP-2 and MMP-9 are related to the overall survival of patients with gastric 
carcinoma. Br J Cancer 74: 413–417. 

Sivula A, Talvensaari-Mattila A, Lundin J, Joensuu H, Haglund C, Ristimäki A & 
Turpeenniemi-Hujanen T (2005) Association of cyclooxygenase-2 and matrix 
metalloproteinase-2 expression in human breast cancer. Breast Cancer Res Treat 89: 
215–220. 

Smedby KE, Vajdic CM, Falster M, Engels EA, Martinez-Maza O, Turner J, Hjalgrim H, 
Vineis P, Costantini AS, Bracci PM, Holly EA, Willett E, Spinelli JJ, La Vecchia C, 
Zheng T, Becker N, De Sanjosé S, Chiu BCH, Dal Maso L, Cocco P, Maynadié M, 
Foretova L, Staines A, Brennan P, Davis S, Severson R, Cerhan JR, Breen EC, 
Birmann B, Grulich AE & Cozen W (2008) Autoimmune disorders and risk of non-
Hodgkin lymphoma subtypes: a pooled analysis within the InterLymph Consortium. 
Blood 111: 4029–4038. 

Smolewski P, Niewiadomska H, Blonski JZ, Robak T & Krykowski E (1998) Expression 
of proliferating cell nuclear antigen (PCNA), and p53, bcl-2 or C-erb B-2 proteins on 
Reed Sternberg cells: prognostic significance in Hodgkin’s lymphoma. Neoplasma 45: 
140–147. 

Smolewski P, Robak T, Krykowski E, Blasinska-Morawiec M, Niewiadomska H, 
Pluzanska A, Chmielowska E & Zambrano O (2000) Prognostic factors in Hodgkin’s 
disease: multivariate analysis of 327 patients from a single institution. Clin Cancer 
Res 6: 1150–1160. 



 127 

Solal-Celigny P, Roy P, Colombat P, White J, Armitage JO, Arranz-Saez R, Au WY, 
Bellei M, Brice P, Cabarello D, Coiffier B, Conde-Garcia E, Doyen C, Federico M, 
Fisher RI, Garcia-Conde JF, Guglielmi C, Hagenbeek A, Haïoun C, LeBlanc M, 
Lister AT, Lopez-Guillermo A, McLaughlin P, Milpied N, Morel P, Mounier N, 
Proctor SJ, Rohatiner A, Smith P, Soubeyran P, Tilly H, Vitolo U, Zinzani PL, Zucca 
E & Montserrat E (2004) Follicular Lymphoma International Prognostic Index. Blood 
104: 1258–1265. 

Spector N, Milito CB, Biasoli I, Luiz RR, Pulcheri W & Morais JC (2005) The prognostic 
value of the expression of Bcl-2, p53 and LMP-1 in patients with Hodgkin’s 
lymphoma. Leuk Lymphoma 46: 1301–1306. 

Staack A, Badendieck S, Schnorr D, Loening SA & Jung K (2006) Combined 
determination of plasma MMP2, MMP9, and TIMP1 improves non-invasive detection 
of transitional cell carcinoma of the bladder. BMC Urol 6: 19. 

Stauder R, Hamader S, Fasching B, Kemmler G, Thaler J & Huber H (1993) Adhesion to 
high endothelial venules: a model for dissemination mechanisms in non-Hodgkin’s 
lymphoma. Blood 82: 262–267. 

Sternlicht MD & Werb Z (2001) How matrix metalloproteinases regulate cell behavior. 
Annu Rev Cell Dev Biol 17: 463–516. 

Stetler-Stevenson M, Mansoor A, Lim M, Fukushima P, Kehrl J, Marti G, Ptaszynski K, 
Wang J & Stetler-Stevenson WG (1997) Expression of matrix metalloproteinases and 
tissue inhibitors of metalloproteinases in reactive and neoplastic lymphoid cells. 
Blood 89: 1708–1715. 

Stocker W, Grams F, Baumann U, Reinemer P, Gomis-Ruth FX, McKay DB & Bode W 
(1995) The metzincins – Topological and sequential relations between the astacins, 
adamalysins, serralysins, and matrixins (collagenases) define a superfamily of zinc-
peptidases. Protein Sci 4: 823–840. 

St-Pierre Y, Aoudjit F, Lalancette M & Potworowski EF (1999) Dissemination of T cell 
lymphoma to target organs: a post-homing event implicating ICAM-1 and matrix 
metalloproteinases. Leuk Lymphoma 34: 53–61. 

Strongin AY, Collier I, Bannikov G, Marmer BL, Grant GA & Goldberg GI (1995) 
Mechanism of cell surface activation of 72-kDa type IV collagenase. Isolation of the 
activated form of the membrane metalloprotease. J Biol Chem 270: 5331–5338. 

Sugiura T & Berditchevski F (1999) Function of alpha3beta1-tetraspanin protein 
complexes in tumor cell invasion. Evidence for the role of the complexes in 
production of matrix metalloproteinase 2 (MMP-2). J Cell Biol 146: 1375–1389. 

Swerdlow S, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele J & Vardiman JW 
(2008) WHO classification of tumours of haematopoietic and lymphoid tissues. Lyon: 
IARC Press. 

Symmans WF, Katz RL, Ordonez NG, Dalton H, Romaguera JE & Cabanillas F (1995) 
Transformation of follicular lymphoma. Expression of p53 and bcl-2 oncoprotein, 
apoptosis and cell proliferation. Acta Cytol 39: 673–682. 



 128 

Takahara M, Kishibe K, Bandoh N, Nonaka S & Harabuchi Y (2004) p53, N- and K-Ras, 
and beta-catenin gene mutations and prognostic factors in nasal NK/T-cell lymphoma 
from Hokkaido, Japan. Hum Pathol 35: 86–95. 

Takahashi M, Fukami S, Iwata N, Inoue K, Itohara S, Itoh H, Haraoka J & Saido T (2002) 
In vivo glioma growth requires host-derived matrix metalloproteinase 2 for 
maintenance of angioarchitecture. Pharmacol Res 46: 155–163. 

Takatsuki K (1995) Adult T-cell leukemia. Internal Medicine 34: 947–952. 
Talvensaari-Mattila A, Pääkkö P & Turpeenniemi-Hujanen T (2003) Matrix 

metalloproteinase-2 (MMP-2) is associated with survival in breast carcinoma. Br J 
Cancer 89: 1270–1275. 

Talvensaari-Mattila A & Turpeenniemi-Hujanen T (2005a) High preoperative serum 
TIMP-1 is a prognostic indicator for survival in breast carcinoma. Breast Cancer Res 
Treat 89: 29–34. 

Talvensaari-Mattila A & Turpeenniemi-Hujanen T (2005b) Preoperative serum MMP-9 
immunoreactive protein is a prognostic indicator for relapse-free survival in breast 
carcinoma. Cancer Lett 217: 237–242. 

Taraboletti G, D’Ascenzo S, Borsotti P, Giavazzi R, Pavan A & Dolo V (2002) Shedding 
of the matrix metalloproteinases MMP-2, MMP-9, and MT1-MMP as membrane 
vesicle-associated components by endothelial cells. Am J Pathol 160: 673–680. 

Taskinen M, Karjalainen-Lindsberg ML, Nyman H, Eerola LM & Leppä S (2007) A high 
tumor-associated macrophage content predicts favourable outcome in follicular 
lymphoma patients treated with rituximab and cyclophosphamide-doxorubicin-
vincristine-prednisone. Clin Cancer Res 13: 5784–5789. 

Tesch H, Diehl V, Lathan B, Hasenclever D, Sieber M, Rüffer U, Engert A, Franklin J, 
Pfreundschuh M, Schalk KP, Schwieder G, Wulf G, Dölken G, Worst P, Koch P, 
Schmitz N, Bruntsch U, Tirier C, Müller U & Loeffler M (1998) Moderate dose 
escalation for advanced stage Hodgkin’s disease using the bleomycin, etoposide, 
adriamycin, cyclophosphamide, procarbazine, and prednisone scheme and adjuvant 
radiotherapy: a study of the German Hodgkin’s Lymphoma Study Group. Blood 92: 
4560–4567. 

Thieblemont C, Mayer A, Dumontet C, Barbier Y, Callet-Bauchu E, Felman P, Berger F, 
Ducottet X, Martin C, Salles G, Orgiazzi J & Coiffier B (2002) Primary thyroid 
lymphoma is a heterogeneous disease. J Clin Endocrinol Metab 87: 105–111. 

Thorns C, Feller AC & Merz H (2002) EMMPRIN (CD 174) is expressed in Hodgkin’s 
lymphoma and anaplastic large cell lymphoma. An immunohistochemical study of 60 
cases. Anticancer Res 22: 1983–1986. 

Thorns C, Bernd HW, Hatton D, Merz H, Feller AC & Lange K (2003) Matrix-
metalloproteinases in Hodgkin lymphoma. Anticancer Res 23: 1555–1558. 

Toth M, Chvyrkova I, Bernardo MM, Hernandez-Barrantes S & Fridman R (2003) Pro-
MMP-9 activation by the MT1-MMP/MMP-2 axis and MMP-3: role of TIMP-2 and 
plasma membranes. Biochem Biophys Res Commun 308: 386–395. 

Turpeenniemi-Hujanen T (2005) Gelatinases (MMP-2 and MMP-9) and their natural 
inhibitors as prognostic indicators in solid cancers. Biochimie 87: 287–297. 



 129 

Vacca A, Moretti S, Ribatti D, Pellegrino A, Pimpinelli N, Bianchi B, Bonifazi E, Ria R, 
Serio G & Dammacco F (1997) Progression of mycosis fungoides is associated with 
changes in angiogenesis and expression of the matrix metalloproteinases 2 and 9. Eur 
J Cancer 33: 1685–1692. 

Vacca A, Ribatti D, Ria R, Pellegrino A, Bruno M, Merchione F & Dammacco F (2000) 
Proteolytic activity of human lymphoid tumor cells. Correlation with tumor 
progression. Develop Immunol 7: 77–88. 

Väisänen A, Tuominen H, Kallioinen M & Turpeenniemi-Hujanen T (1996) Matrix 
metalloproteinase-2 (72 kDa type IV collagenase) expression occurs in the early stage 
of human melanocytic tumour progression and may have prognostic value. J Pathol 
180: 283–289. 

Väisänen A, Kallioinen M, Taskinen PJ & Turpeenniemi-Hujanen T (1998) Prognostic 
value of MMP-2 immunoreactive protein (72 kDa type IV collagenase) in primary 
skin melanoma. J Pathol 186: 51–58. 

Väisänen A, Kallioinen M, von Dickhoff K, Laatikainen L, Höyhtyä M & Turpeenniemi-
Hujanen T (1999) Matrix metalloproteinase-2 (MMP-2) immunoreactive protein – a 
new prognostic marker in uveal melanoma? J Pathol 188: 56–62. 

van Besien K, Loberiza FR, Bajorunaite R, Armitage JO, Bashey A, Burns LJ, Freytes CO, 
Gibson J, Horowitz MM, Inwards DJ, Marks DI, Martino R, Mariarz RT, Molina A, 
Pavlovsky S, Pecora AL, Schouten HC, Shea TC, Lazarus HM, Rizzo JD & Vose JM 
(2003) Comparison of autologous and allogeneic hematopoietic stem cell 
transplantation for follicular lymphoma. Blood 102: 3521–3529. 

Van den Steen PE, Dubois B, Nelissen I, Rudd PM, Dwek RA & Opdenakker G (2002) 
Biochemistry and molecular biology of gelatinase B or matrix metalloproteinase-9 
(MMP-9). Crit Rev Biochem Mol Biol 37: 375–536. 

Van Oers MHJ, Klasa R, Marcus RE, Wolf M, Kimby E, Gascoyne RD, Jack A, van’t 
Veer M, Vranovsky A, Holte H, van Glabbeke M, Teodorovic I, Rozewicz C & 
Hagenbeek A (2006) Rituximab maintenance improves clinical outcome of 
relapsed/resistant follicular non-Hodgkin lymphoma in patients both with and without 
rituximab during induction: results of a prospective randomized phase 3 intergroup 
trial. Blood 108: 3295–3301. 

Van Spronsen DJ, Vrints LW, Hofstra G, Crommelin MA, Coebergh JWW & Breed WPM 
(1997) Disappearence of prognostic significance of histopathological grading of 
nodular sclerosis Hodgkin’s disease for unselected patients. Br J Haematol 96: 322–
327. 

Vasala K, Pääkkö P & Turpeenniemi-Hujanen T (2003) Matrix metalloproteinase-2 
immunoreactive protein as a prognostic marker in bladder cancer. Urology 62: 952–
957. 

Vasala K & Turpeenniemi-Hujanen T (2007) Serum tissue inhibitor of metalloproteinase-2 
(TIMP-2) and matrix metalloproteinase-2 in complex with the inhibitor (MMP-
2:TIMP-2) as prognostic markers in bladder cancer. Clin Biochem 40: 640–644. 



 130 

Vasala K, Pääkkö P & Turpeenniemi-Hujanen T (2008a) Matrix metalloproteinase 9 
(MMP-9) immunoreactive protein in urinary bladder cancer: A marker of favorable 
prognosis. Anticancer Res 28: 1757–1761. 

Vasala K, Kuvaja P & Turpeenniemi-Hujanen T (2008b) Low circulating levels of 
proMMP-2 are associated with adverse prognosis in bladder cancer. Tumour Biol 29: 
279–286. 

Vellenga E, van Putten WLJ, van`t Veer MB, Zijlstra JM, Fibbe WE, van Oers MHJ, 
Verdonck PW, van Imhoff GW, Lugtenburg PJ & Huijgens PC (2008) Rituximab 
improves the treatment results of DHAP-VIM-DHAP and ASCT in 
relapsed/progressive aggressive CD20 + NHL: a prospective randomized HOVON 
trial. Blood 111: 537–543. 

Verdonck LF, Notenboom A, de Jong DD, MacKenzie MA, Verhoef GEG, Kramer MHH, 
Ossenkoppele GJ, Doorduijn JK, Sonneveld P & van Imhoff GW (2007) Intensified 
12-week CHOP (I-CHOP) plus G-CSF compared with standard 24-week CHOP 
(CHOP-21) for patients with intermediate-risk aggressive non-Hodgkin lymphoma: a 
phase 3 trial of the Dutch-Belgian Hemato-Oncology Cooperative Group (HOVON). 
Blood 109: 2759–2766. 

Verna RP & Hansch C (2007) Matrix metalloproteinases (MMPs): chemical-biological 
functions and (Q)SARs. Bioorg Med Chem 15: 2223–2268. 

Visco C, Canal F, Parolini C, Andreoli A, Ambrosetti A, Krampera M, Lestani M, Pizzolo 
G & Chilosi M (2006) The impact of P53 and P21waf1 expression on the survival of 
patients with the germinal center phenotype of diffuse large B-cell lymphoma. 
Haematologica 91: 687–690. 

Viviani S, Camerini E, Bonfante V, Santoro A, Blazarotti M, Fornier M, Devizzi L, 
Verderlo P, Valagussa P & Bonadonna G (1997) Soluble interleukin-2 receptor (sIL-
2R) in Hodgkin’s lymphoma: outcome and clinical implications. Br J Cancer 77: 992–
997. 

Vu TH, Shipley JM, Bergers G, Berger JE, Helms JA, Hanahan D, Shapiro SD, Senior RM 
& Werb Z (1998) MMP-9/gelatinase B is a key regulator of growth plate angiogenesis 
and apoptosis of hypertrophic chondrocytes. Cell 93: 411–422. 

Wahlin BE, Sander B, Christensson B & Kimby E (2007) CD8+ T-cell content in 
diagnostic lymph nodes measured by flow cytometry is a predictor of survival in 
follicular lymphoma. Clin Cancer Res 13: 388–397. 

Wang Z, Juttermann R & Soloway PD (2000) TIMP-2 is required for efficient activation of 
proMMP-2 in vivo. J Biol Chem 275: 26411–26415. 

Westerlund A, Apaja-Sarkkinen M, Höyhtyä M, Puistola U & Turpeenniemi-Hujanen T 
(1999) Gelatinase A immunoreactive protein in ovarian lesions – prognostic value in 
epithelial ovarian cancer. Gynecol Oncol 79: 91–98. 

Wize J, Sopata I, Smerdel A & Maslinski S (1998) Ligation of selectin L and integrin 
CD11b/CD18 (Mac-1) induces release of gelatinase B (MMP-9) from human 
neutrophils. Inflamm Res 47: 325–327. 

Wojtowicz-Praga SM, Dickson RB & Hawkins MJ (1997) Matrix metalloproteinase 
inhibitors. Invest New Drugs 15: 61–75. 



 131 

Wong ET, Lee D, Tam A, Guatam S & Wu JK (2007) Matrix metalloproteinase-9 in 
cerebrospinal fluid correlates with disease activity in lymphomatous meningitis. Clin 
Lymphoma Myeloma 7: 305–308. 

Wu JJ & Prosnitz LR (1996) The role of adjuvant radiation therapy for stages III and IV 
Hodgkin’s disease. Semin Radiat Oncol 6: 196–209. 

Xerri L, Bouabdallah R, Camerlo J & Hassoun J (1994) Expression of the p53 gene in 
Hodgkin’s disease: Discussion between immunohistochemistry and 
clinicopathological data. Hum Pathol 25: 449–454. 

Ylisirniö S, Höyhtyä M & Turpeenniemi-Hujanen T (2000) Serum matrix 
metalloproteinases -2, -9 and tissue inhibitors of metalloproteinases -1, -2 in lung 
cancer– TIMP-1 as a prognostic marker. Anticancer Res 20: 1311–1316. 

Young KH, Weisenburger DD, Dave BJ, Smith L, Sanger W, Iqbal J, Campo E, Delabie J, 
Cascoyne RD, Ott G, Rimsza L, Müller-Hermelink HK, Jaffe ES, Rosenwald A, 
Staudt LM, Chan WC & Greiner TC (2007) Mutations in the DNA-binding codons of 
TP53, which are associated with decreased expression of TRAIL receptor-2, predict 
for poor survival in diffuse large B-cell lymphoma. Blood 110: 4396–4405. 

Young KH, Leroy K, Møller MB, Colleoni GWB, Sánchez-Beato M, Kerbauy FR, Haioun 
C, Eickhoff IC, Young AH, Gaulard P, Piris MA, Oberley TD, Rehrauer WM, Kahl 
BS, Maltter JS, Campo E, Delabie J, Cascoyne RD, Rosenwald A, Rimsza L, Huang J, 
Braziel RM, Jaffe ES, Wilson WH, Staudt LM, Vose JM, Chan WC, Weisenburger 
DD & Greiner TC (2008) Structural profiles of TP53 gene mutations predict clinical 
outcome in diffuse large B-cell lymphoma: an international collaborative study. Blood 
112: 3088–3098. 

Yoshizaki T, Maruyama Y, Sato H & Furukawa M (2001) Expression of tissue inhibitor of 
matrix metalloproteinase-2 correlates with activation of matrix metalloproteinase-2 
and predicts poor prognosis in tongue squamous cell carcinoma. Int J Cancer 95: 44–
50. 

Zeng ZS, Cohen AM, Zhang ZF, Stetler-Stevenson W & Guillem JG (1995) Elevated 
tissue inhibitor of metalloproteinase 1 RNA in colorectal cancer stroma correlates 
with lymph node and distant metastases. Clin Cancer Res 1: 899–906. 

Zhao WQ, Li H, Yamashita K, Guo XK, Hoshino T, Yoshida S, Shinya T & Hayakawa T 
(1998) Cell cycle-associated accumulation of tissue inhibitor of metalloproteinases-1 
(TIMP-1) in the nuclei of human gingival fibroblasts. J Cell Sci 111: 1147–1153. 

Zignego AL, Giannini C & Clodoveo F (2007) Hepatitis C virus-related 
lymphoproliferative disorders: an overview. World J Gastroenterol 13: 2467–2478. 

Zinzani PL, Pulsoni A, Perrotti A, Soverini S, Zaja F, De Renzo A, Storti S, Lauta VM, 
Guardigni L, Gentilini P, Tucci A, Molinari AL, Gobbi M, Falini B, Fattori PP, 
Ciccone F, Alinari L, Martelli M, Pileri S, Tura S & Baccarini M (2004) Fludarabine 
plus mitoxantrone with and without rituximab versus CHOP with and without 
rituximab as front-line treatment for patients with follicular lymphoma. J Clin Oncol 
22: 2654–2661. 



 132 

 



 133 

Original publications 

This thesis is based on the following articles, which are referred to in the text by 

their Roman numerals: 

I  Pennanen H, Kuittinen O, Soini Y & Turpeenniemi-Hujanen T (2004) 
Clinicopathological correlations of TIMP-1 and TIMP-2 in Hodgkin`s lymphoma. Eur 
J Haematol 72: 1–9. 

II  Pennanen H, Kuittinen O, Soini Y & Turpeenniemi-Hujanen T (2008) Prognostic 
significance of p53 and matrix metalloproteinase-9 expression in follicular lymphoma. 
Eur J Haematol 81: 289–297. 

III  Kyllönen H, Pasanen AK, Kuittinen O, Haapasaari KM & Turpeenniemi-Hujanen T 
(2009) Lack of prognostic value of MMP-9 expression and immunohistochemically 
defined germinal center phenotype in patients with diffuse large B-cell lymphoma 
treated with modern chemotherapy with or without CD20 antibody. Manuscript. 

IV  Pennanen H, Kuittinen O & Turpeenniemi-Hujanen T (2008) Plasma MMP-2-TIMP-2 
complex levels measured during follow-up predict a risk of relapse in patients with 
malignant lymphoma. Eur J Haematol 80: 46–54. 

Reprinted with permission from Blackwell Publishing (I-II, IV). 

Original publications are not included in the electronic version of the dissertation. 



 134 

 



A C T A  U N I V E R S I T A T I S  O U L U E N S I S

Distributed by
OULU UNIVERSITY LIBRARY

P.O. Box 7500, FI-90014
University of Oulu, Finland

Book orders:
OULU UNIVERSITY PRESS
P.O. Box 8200, FI-90014
University of Oulu, Finland

S E R I E S  D  M E D I C A

1001. Leinonen, Pekka (2008) Calcium signaling in epithelium. Special focus on Hailey-
Hailey and Darier diseases, neurofibromatosis 1 and transitional cell carcinoma    

1002. Pääkkönen, Virve (2009) Expression profiling of human pulp tissue and
odontoblasts in vivo and in vitro   

1003. Anttonen, Olli (2009) Prevalence, prognosis and characteristics of subjects with
short QT interval in an electrocardiogram   

1004. Pulkkinen, Pasi (2009) Radiographical assessment of hip fragility   

1005. Iinattiniemi, Sari (2009) Fall accidents and exercise among a very old home-
dwelling population   

1006. Westerlund, Tarja (2009) Thermal, circulatory, and neuromuscular responses to
whole-body cryotherapy   

1007. Kaikkonen, Kari (2009) Risk factors for sudden cardiac death from an acute
ischemic event in general population. A case-control study    

1008. Kuisma, Mari (2009) Magnetic resonance imaging of lumbar degenerative bone
marrow (Modic) changes. Determinants, natural course and association with low
back pain    

1009. Vartiainen, Johanna (2009) Ghrelin, obesity and type 2 diabetes. Genetic,
metabolic and epidemiological studies    

1010. Löfgren, Johan (2009) Genetic polymorphisms in collectins and Toll-like receptor
4 as factors influencing susceptibility to severe RSV infections and otitis media   

1011. Korhonen, Topi (2009) Mathematical modeling of the regulation, development
and genetically engineered experimental models of cardiac excitation-contraction
coupling   

1012. Pajala, Ari (2009) Achilles tendon rupture. Comparison of two surgical
techniques, evaluation of outcomes after complications and biochemical and
histological analyses of collagen type I and III and tenascin-C expression in the
Achilles tendon    

1013. Tetri, Sami (2009) Factors affecting outcome after primary intracerebral
hemorrhage   

1014. Utriainen, Kati (2009) Arvostava vastavuoroisuus ikääntyvien sairaanhoitajien
työhyvinvoinnin ytimenä hoitotyössä   

1015. Girsén, Anna (2009) Preeclampsia and maternal type-1 diabetes: new insights into
maternal and fetal pathophysiology 



A
B
C
D
E
F
G

UNIVERS ITY OF OULU  P.O.B . 7500   F I -90014  UNIVERS ITY OF OULU F INLAND

A C T A  U N I V E R S I T A T I S  O U L U E N S I S

S E R I E S  E D I T O R S

SCIENTIAE RERUM NATURALIUM

HUMANIORA

TECHNICA

MEDICA

SCIENTIAE RERUM SOCIALIUM

SCRIPTA ACADEMICA

OECONOMICA

EDITOR IN CHIEF

PUBLICATIONS EDITOR

Professor Mikko Siponen

University Lecturer Elise Kärkkäinen

Professor Hannu Heusala

Professor Olli Vuolteenaho

Senior Researcher Eila Estola

Information officer Tiina Pistokoski

University Lecturer Seppo Eriksson

Professor Olli Vuolteenaho

Publications Editor Kirsti Nurkkala

ISBN 978-951-42-9130-2 (Paperback)
ISBN 978-951-42-9131-9 (PDF)
ISSN 0355-3221 (Print)
ISSN 1796-2234 (Online)

U N I V E R S I TAT I S  O U L U E N S I S

MEDICA

ACTA
D

D
 1017

AC
TA

 H
eli K

yllönen

OULU 2009

D 1017

Heli Kyllönen

GELATINASES, THEIR TISSUE 
INHIBITORS AND p53
IN LYMPHOMAS

FACULTY OF MEDICINE,
INSTITUTE OF CLINICAL MEDICINE,
DEPARTMENT OF ONCOLOGY AND RADIOTHERAPY,
UNIVERSITY OF OULU      


	Abstract
	Acknowledgements
	Abbreviations
	List of original publications
	Contents
	1 Introduction
	2 Review of the literature
	2.1 Lymphomas
	2.1.1 Epidemiology
	2.1.2. Aetiology
	2.1.3 Diagnosis, treatment and prognosis

	2.2 Matrix metalloproteinases
	2.2.1 Gelatinases

	2.3 Tissue inhibitors of matrix metalloproteinases
	2.3.1 Tissue inhibitor of matrix metalloproteinases-1
	2.3.2 Tissue inhibitor of matrix metalloproteinases-2

	2.4 Prognostic value of tissue expression of gelatinases and theirtissue inhibitors in solid tumours
	2.5 Gelatinases and their tissue inhibitors in lymphomas
	2.5.1 Gelatinases and their tissue inhibitors in white blood cell linesand in lymphoma animal models
	2.5.2 Gelatinases and their tissue inhibitors in clinical lymphomastudies

	2.6 Gelatinases and their tissue inhibitors as circulating markers
	2.6.1 Gelatinases and their tissue inhibitors as circulating markers insolid tumours
	2.6.2 Circulating gelatinases and their tissue inhibitors inlymphomas

	2.7 p53 in cancer
	2.7.1 p53 as prognostic factor in lymphomas


	3 Aims of the present study
	4 Materials and methods
	4.1 Patient material
	4.1.1 Diagnostic work-up and treatment

	4.2 Immunohistochemistry
	4.3 Sample evaluation
	4.4 Enzyme-linked immunosorbent assay
	4.5 Statistical analysis
	4.6 Ethical aspects

	5 Results
	5.1 Expression of gelatinases and their tissue inhibitors inlymphomas
	5.1.1 Hodgkin lymphoma (I)
	5.1.2 Follicular lymphoma (II)
	5.1.3 Diffuse large B cell lymphoma (III)

	5.2 Correlations of expression of gelatinases and their tissueinhibitors with clinical disease presentation
	5.2.1 Hodgkin lymphoma (I)
	5.2.2 Follicular lymphoma (II)
	5.2.3 Diffuse large B-cell lymphoma (III)

	5.3 The prognostic value of expression of gelatinases and theirtissue inhibitors in lymphomas (I-III)
	5.4 Factor VIII in Hodgkin lymphoma (I)
	5.5 p53 expression and its prognostic value in follicularlymphoma (II)
	5.6 Correlations of immunohistochemically defined germinalcentre phenotype and other clinical correlations in diffuse largeB-cell lymphoma (III)
	5.7 Plasma concentrations of gelatinases and their tissueinhibitors in healthy subjects and in lymphoma patients with anactive disease or in remission (IV)
	5.8 Correlations of plasma concentrations of gelatinases and theirtissue inhibitors with prognosis (IV)

	6 Discussion
	6.1 Prognostic factors in lymphomas
	6.2 Clinicopathological correlations of TIMP-1 and TIMP-2 inHodgkin lymphoma
	6.3 Immunohistochemically defined expression of gelatinases andtheir tissue inhibitors as prognostic factors in lymphomas
	6.4 p53 protein expression as a prognostic factor in follicularlymphoma
	6.5 Prognostic factors in patients with diffuse large B-celllymphoma treated with immunochemotherapy
	6.6 Clinical role of circulating gelatinases and their tissueinhibitors in lymphomas

	7 Conclusions
	References
	Original publications



