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Abstract

Gelatinases (MMP-2 and MMP-9) play a key role during invasion and metastazising of malignant
cells and they have been shown to be associated to invasive phenotype and poor prognosis in several
solid tumours. However little is known about their role in hematological malignancies. In the present
work, gelatinase expression and its clinicopathological correlations were studied with
immunohistochemical staining in 10 cases representing normal bone marrow aspirate smears, 123
cases representing diagnostic bone marrow samples of patients with different leukaemias (35 AML,
7 CLL, 6 CML, 75 ALL), 67 diagnostic paraffin-embedded lymph node biopsies from patients with
Hodgkin's lymphoma and 57 biopsies from patients with non-Hodgkin's lymphomas. The lymphoma
samples were also stained with factor VIII antibody to evaluate the extent of new vessel formation
and the non-Hodgkin's lymphoma cases also with tissue inhibitor of metalloproteinases -1 (TIMP-1)
antibody. CLL did not express either of the MMP enzymes, while CML in the chronic phase
expressed strongly both of the enzymes. In ALL, gelatinase expression was weak and detectable in
pediatric cases in only 12.7% and in the adults in 65% of the cases. In adult ALL, MMP-2 expression
correlated strongly with an extramedullary and invasive pattern of disease presentation. In AML
MMP-2 positivity had markedly favorable prognostic and predictive power. In lymphoma studies, no
correlations could be detected between gelatinase expression and the clinical parameters of invasion.
MMP-9 positivity was related to the presence of B symptoms, which difference was statistically
significant in Hodgkin's lymphoma. In Hodgkin's lymphoma, strong MMP-9 expression also
implicated decreased neovascularization. In both lymphoma types, strong MMP-9 expression
correlated with unfavorable prognosis, which difference was statistically significant in non-
Hodgkin's lymphomas and remained as a tendency in Hodgkin's lymphoma. MMP-2 had statistically
significant association with a favorable prognosis in Hodgkin's lymphoma. Combination of the
results of both stainings further increased prognostic power. All together these findings implicate that
gelatinases could be used as prognostic tools in AML and lymphomas albeit this needs to be verified
in larger materials.
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IL Interleukin 
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IPI International prognostic index  
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MMP Matrix metalloproteinase 
MOPP Mustine, Oncovin, Nitrogen mustard, Prednisolone 
mRNA Messenger ribonucleic acid  
MT-MMP Membrane type matrix metalloproteinase 
p53 Protein 53 
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PF-4 Platelet factor 4 
RNA Ribonucleic acid 
SCID Severely congenitally inmmunodeficient 
SCT Stem cell transplantation 
TGF-α1 Tumour growth factor alpha one 
TIMP Tissue inhibitor of metalloproteinase 
TNF-α  Tumour necrosis factor alpha 
WBC White blood cell count 
VEGF Vascular endothelial growth factor 
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1 Introduction 

Hematological malignancies are not very common. About 150 cases of acute myeloid 
(AML), 70-80 cases of acute lymphatic (ALL), 110-120 cases of Hodgkin´s lymphoma, 
and 750-800 cases of non-Hodgkin´s lymphomas are diagnosed annually in Finland. 
However, their economic and human impacts are greater than could be anticipated based 
on their incidence rates. This is because they often affect young people. The patients can 
often be cured of their malignancies, but the treatments cause severe acute and late 
toxicity and may also expose the patient to a risk of treatment-related death. The 
treatments are also very resource-intensive due to the expensive medications required, 
such as chemotherapeutics and growth factors, and often also due to long inpatient 
periods needed for the treatment of the acute side effects of the cancer treatments. 
Moreover, for a partly unknown reason, the incidence of non-Hodgkin´s lymphomas 
seems to be rising at a rate of three percent annually in the developed western countries 
(Bierman et al. 1996). For years the classification of hematological malignancies have 
possesed a challenge to pathologists and hematologists. Currently they are classified 
according to the WHO II classification. (Jaffe et al.2001) 

However, biologically distinct diseases exists even within each certain subgroup. 
Some biological features imply a more aggressive disease with an enhanced likelihood of 
advanced disease, while not necessarily interfering with the response to treatment. 
Factors interfering with the therapeutic response and predictive factors also imply a need 
for more aggressive treatment. The treatments of hematological malignancies range from 
short-course, moderate-dose chemotherapy with local radiotherapy to high-dose 
treatments with autologous or allogeneic stem cell transplantation. Usually, the more 
intensive treatments offer the best probabilities for cure while they simultaneously also 
expose the patient to an increased risk of treatment-related toxicity (Philip et al. 1995, 
Diehl et al. 1997, Gobbi et al. 1998, Gustaffson et al. 1998). This calls for good 
predictive factors that could be used to individually assess the patient’s risk of relapse and 
to tailor the therapy to maximize the curative potential while minimizing toxicities. 

Most hematological malignancies are already widely disseminated at the time of the 
diagnosis and can seldom be cured with local treatment modalities, such as surgery or 
local radiotherapy. For this reason, the development of modern chemotherapeutic 
modalities was revolutionary in the treatment of hematological malignancies, as they 
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offered a possibility to cure these diseases, which had previously been inevitably fatal. 
However, chemotherapeutics possess unselective cytotoxic effect and also attack many 
normal cells, which leads to severe side effects. During the past few decades, there has 
been active research going on in the field of malignant diseases to clarify their basic 
biological behavior. Accumulation of such biological data has made it possible to develop 
more specific medications with fewer side effects. Most of these new, more specific and 
selective drugs, including metalloproteinase inhibitors and angiogenesis inhibitors, are 
still under phase I and II development, but a tyrosin kinase inhibitor, imatinib mesylate, 
has already shown its remarkable activity in the treatment of chronic myeloid leukemia. 
Despite these achievements, much basic research still needs to be performed before 
oncologists and hematologists have safe and effective treatments to be offered to the 
majority of their patients. 

Knowledge about the biological and clinical role of gelatinases in solid malignancies 
is rapidly increasing. In the field of hematological malignancies, however, the data 
consist mainly of cell culture data, while clinical data are missing. The need for this data 
is further underlined by the fact that first MMP inhibitor drugs are in clinical trials. 



2 Review of the literature 

2.1  Hematological malignancies 

2.1.1  Acute myeloid leukemia 

There are about 150 new AML cases/year in Finland. AML is a malignancy that occurs in 
all age groups and also affects many young patients. It is a potentially curable disease. 
The treatments of AML are very intensive, introducing much suffering for the patient and 
consuming a lot of health care resources. Table 1 presents current classification of acute 
myeloid leukemia. 

Table 1. Classification of acute myeloid leukemias 

Leukemia subtypes 

Acute myeloid leukemia with recurrent genetic abnormalities 
Acute myeloid leukemia with t(8;21)(q22;q22);(AML1(CBFa)/ETO) 
Acute myeloid leukemia with abnormal marrow eosinophils  
Inv(16)(p13q22) or t(16;16)(p13;q22);(CBFb/MYH11) 
Acute promyelocytic leukemias (AML with t(15;17)(q22;q12)(PML/RARa) 
Acute myeloid leukemias with 11q23 (MLL)abnormalities 

Acute myeloid leukemia with multilineage dysplasia 

Acute myeloid leukemia and myelodysplastic syndromes, therapy related 

Acute myeloid leukemia not otherwise categorised 
Acute myeloid leukemia minimally differentiated 
Acute myeloid leukemia without maturation 
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Table 1 continued 
Leukemia subtypes 

Acute myeloid leukemia with maturation 
Acute myelomonocytic leukemia 
Acute monoblastic and monocytic leukemia 
Acute erytroid leukemia 
Acute megakaryoblastic leukemia 
Acute basophilic leukemia 
Acute panmyelosis with myelofibrosis 
Myeloid sarcoma 

Acute leukemia of ambigious lineage 
Undifferentiated acute leukemia 
Bilineal acute leukemia 
Biphenotypic acute leukemia 

Jaffe et al. 2001 

Myeloid leukaemias are chemosensitive malignancies, and the current induction therapy 
regimens afford complete remission in 60-80% of all the patients with AML and in 75%-
80% of the younger patients (Stone &Mayer 1993, Rove & Liesweld 1996, Burnett 
2001). However, the disease has a tendency to relapse, and the main problem in younger 
population is prevention of the relapse (Hamblin 1995, Cripe & Hinton 2000, Burnett 
2001). Intensification of treatment seems to yield superior results. About 30-45% of the 
patients in remission can expect long-term DFS of over 3 years after intensive post-
remission consolidation therapy without allogeneic stem cell transplantation (SCT) 
(Mayer et al. 1994)Rowe & Liesweld 1996, Appelbaum et al.1998, Elonen et al. 1998). 
In terms of disease-free survival, the best therapeutic modality seems to be allogneic SCT 
in the first remission. Allogeneic SCT results in a 10-year DFS for 45-60% of the patients 
(Schiller et al. 1992, Appelbaum et al. 1998). This is probably due to the graft-versus- 
effect of the transplanted donor immune system. Along its favorable therapeutic potential, 
however allogeneic SCT involves serious problems, including acute and late treatment-
related morbidity and mortality due mostly to the graft-versus-host effect. Despite the 
constantly developing modalities of palliative and supportive care, allogeneic SCT still 
involves a 25-40% risk of treatment-related death (Rowe & Liesweld 1996). This 
situation highlights the need for good prognostic and predictive markers in selecting the 
patients for allogeneic SCT to be performed in the first complete remission. (Stone & 
Mayer. 1993, Rowe & Liesweld 1996).  

The elderly patients have clearly inferior treatment results compared to younger 
patients. This is partly explained by undertreatment of elderly patients, but also the 
disease seems to present with more unfavorable biology. Intensification of the treatment 
may offer some advantage to elderly patients also, but new innovative approaches are 
needed. One possibility in this group could be allogeneic SCT with reduced intensity 
conditioning. (Buchner et al. 2001) 

Various characteristics of the disease have been suggested to be predictive for the 
treatment outcome in AML. As our knowledge of the biology of AML has increased, 
cytogenetic and molecular markers have superseded morphology as the most important 
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prognostic indicator. The most important prognostic factors in AML are presented in table 
1. Cytogenetic changes are the prognostic factors that currently have the strongest 
influence on survival (Table 2). However these can not detected in all of the patients. 

Table 2. Known prognostic factors in AML 

Prognostic factors 
Factors predicting response to chemotherapy 

Unfavorable karyotype 
Age > 60 yr 
Secondary AML 
Poor performance status 
Features of multidrug resistance 
White blood cell count >20x109/l 
Unfavorable immunophenotype 
CD34 positivity 
FLT-3 mutation  

Factors predicting relapse  
Unfavorable karyotype 
Age> 60 yr 
Delayed treatment response 
Features of multidrug resistance 
White blood cell count > 20x109/l 
Elevated LD 
Autonomous growth of leukemic cells 

Lowenberg et al 1999, WHO classification of tumours of hematopoetic and lymphoid tissues 2001, Dash 
&Gilliland 2001 

2.1.2  Acute lymphatic leukemia 

In Finland, 70-80 new cases of acute lymphatic leukemia are diagnosed annually. Over 
half of these patients are children, but some cases are seen in all age groups. 

In childhood ALL, the chance for long-term survival has been steadily increasing and 
is now up to 51-79% (Pui et al. 1993). However, while the prognosis is improving and 
more patients end up as long-term survivors, the question of the late effects of treatment 
has become more and more important. The most alarming late effects are therapy-induced 
secondary malignancies, cardiotoxicity, growth impairment, and neuropsychological 
dysfunction, which are commonly attributed to the CNS-directed therapy. For these 
reasons, it is important to tailor the therapies in view of each individual’s risk factors. 
Numerous risk factors have been identified, but the agreed-upon standard low-risk 
categories include patients 1-9 years of age with precursor B-ALL and a WBC count 
lower than 50.000/ml. (Smith et al. 1996) This estimation can distinguish between patient 
groups with about 80% and 65% chances for 4 years’ disease-free survival.  
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Apart from the intensity of the treatment, the role of CNS prophylaxis is another 
important question. Prophylactic CNS treatment with cranial irradiation, high-dose 
methotrexate, and intrathecal therapy clearly reduces the risk for CNS relapse and 
increases the cure rates, but simultaneously exposes the children to the risk of late 
neurologic sequelae. This calls for better tools to predict which patients are particularly at 
risk of CNS invasion. The mechanisms of CNS invasion are, however, still mostly 
unknown. 

Much of the data concerning pediatric patients with ALL also apply to adult patients. 
However, the prognosis for adults is much worse, as only about 30% achieve long-term 
remission (Liesner & Goldstone 1997). This may be partly explained by the fact that 
adults have a decreased ability to tolerate intensive treatments. Another explanation is 
that adult and childhood ALLs are biologically distinct diseases. There are also other 
characteristics in their biology and clinical behavior that support this hypothesis. The 
treatment results of adult patients are strikingly inferior compared to children, even when 
similar intensive regimens are applied to both. Patients with childhood ALL have more 
favorable cytogenetic prognostic factors, such as early pre-B cell disease and 
hyperdiploid karyotype. In contrast, adult patients more often present with poor 
prognostic factors, such as Philadelphia chromosome-positive disease, high blood cell 
counts, advanced age, long time to achieve CR and high-risk immunophenotypes. 
(Perentesis 1997) 

2.1.3  Hodgkin´s lymphoma 

Hodgkin´s lymphoma has two age predilections. Its incidence rises first in the thirties and 
forties and again after the fifties. Therefore, many patients with Hodgkin´s lymphoma are 
relatively young with long life expectancies if cured from their malignancies. 110-120 
new cases are diagnosed annually in Finland. 

According to the WHO II classification Hodgkin´s lymphoma is classified to five 
subclasses. Nodular sclerosis classical Hodgkin´s lymphoma, mixed cellularity classical 
Hodgkin´s lymphoma, lymphocyte-rich classical Hodgkin´s lymphoma and lymphocyte-
depleted classical Hodgkin´s lymphoma constitute the clinically rather uniform classical 
Hodgkin´s lymphoma. The fifth subtype nodular lymphocyte predominance Hodgkin´s 
lymphoma is clinically more an indolent disease. (Jaffe et al. 2001) 

For decades, Hodgkin´s lymphoma has been a highly curable malignant disease. After 
the introduction of modern treatment methods, e.g. extended field irradiation, MOPP 
(mustine, vinkristine, nitrogen mustard, prednisolone) polychemotherapy and later 
ABVD (adriamycin, bleomycin, vinblastine and DTIC), ABVD-MOPP hybrid, and 
ABVD alternating with MOPP chemotherapies, up to 70% of all patients and up to 88 % 
of limited-stage patients are free from disease 10 years after the treatment (Leslie et al. 
1985, Longo et al. 1997). As many as 55% of the patients with stage IV disease also 
enjoy long-term disease-free survival. The success in disease control has not been 
achieved without costs. More and more attention has been drawn to the long-term side 
effects of the treatment. These patients show an ever increasing pattern of excess 
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mortality due to treatment-induced factors, including secondary malignancies and 
cardiovascular mortality.  

The risk for secondary malignancies varies, depending on the treatment modality and 
the patient population. After conventional treatment of Hodgkin´s lymphoma, the 
incidence of secondary solid malignancies starts to rise ten years after the treatment, and 
this rise continues for at least twenty years. For all secondary malignancies, a risk of up 
to 20-40% in 20 years following conventional treatment has been reported. Cardiac 
deaths account for 2-5% of the deaths in the patient population with Hodgkin´s 
lymphoma (Mauch et al. 1995, Hoppe 1997). 

Most of the patients present with limited-stage disease. The question with these 
patients is how to minimize the treatment and the treatment-related overmortality without 
compromising the good chances for cure. In contrast, 45% of the patients with stage IV 
disease will still succumb of relapsing Hodgkin`s disease, which hence calls for more 
aggressive treatment. New high-dose regimens, such as baseline and escalated 
BEACOPP (Diehl et al. 1997), and MOPPEBVCAD (Gobbi et al. 1998) seem to offer 
better chances for disease control than traditional chemotherapy regimens. However, the 
long-term effects of these aggressive treatments are not known, and there are reasons to 
assume that these high-dose treatments carry a higher risk for therapy-induced AML and 
myelodysplastic syndrome (Diehl et al. 1997).  

All of the above-mentioned factors call for better prognostic and predictive parameters 
that would enable individual assessment of the patients’ risk of relapse and individual 
tailoring of therapy to maximize the possibilities for long-term disease-free survival 
while minimizing the risk for long-term side effects. 

Numerous reports have been published on the clinical and biological prognostic 
factors of Hodgkin´s lymphoma. Table 3 shows the most important studies published in 
the 1990s. The following clinical disease characteristics, among others, have been shown 
to affect the possibilities for disease control: the number of involved nodal areas, bulky 
tumor, stage, sex, age, hemoglobin, and erythrocyte sedimentation rate. One of the largest 
studies published analyzed over 20 clinical prognostic factors in a population of over 
5000 patients. In this study, the writers presented a prognostic score consisting of seven 
risk factors, which discriminated the patient population with 74% (score 0-2) and 55% 
(score 3-7) chances for tumor control in five years. The valid biological prognostic 
parameters seem to include the precense of follicular dendritic cells, proliferating cell 
nuclear antigen, p53 protein, bcl-2 protein, and the amounts of soluble CD30 protein and 
β-2 microglobulin (table 3).  

It seems that the prognostic factors are highly treatment-dependent, Van Spronsen, for 
example, has shown that the prognostic importance of the grade of nodular sclerosis 
histology has disappeared over a period of ten years (Van Spronsen et al. 1997). Because 
most of the prognostic studies are based on a retrospective analysis of historical data, 
they must be interpreted with caution at a time when treatment modalities are changing.  

On the other hand, we have no markers that would have been validated in large and 
controlled trials and would be able to sort out the really unfavorable patient population 
with less than 40% chance for long-term survival.  
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Table 3. Most important recent publications dealing with clinical and biological 
prognostic factors in Hodgkin´s lymphoma. 

No Patients Treatment Significant factors  % disease free at 5 or 10 
years in best and worst 
prognostic groups 

1. 300  variable tumor burden  

2. 5023 variable st, age, his, B, alb,sex,noir   

3. 262 ABVD+RT Ms, CR  63%versus94%  

4. 345 variable grade, age, sex, st, er, B  85%versus 38%  

5. 5141 variable alb, sex, Hb, age, St, leuc, lymf84%versus42% 

6. 106 variable β-2 microglobulin 90%versus 60% 

7. 102 variable disrupted dendritic 
reticulum 

60% versus 15% 

8. 140 variable Ki-67, retinoblastoma and 
EBV protein 

 

9. 174 combined B, noir, IL-2 receptor a trend toward worse survival 

10. 65 variable PCNA, p53, bcl-2  

11. 303 variable St, CD30 89,8% versus 50,5% 

1. Specht 1992, 2. Gobbi et al 1994, 3. Colonna et al 1996, 4. Van Spronse et al 1997, 5. Hasenclever et al 1998, 
6. Dimopoulos et al 1993, 7. Alavaikko et al 1994, 8. Morente et al 1997, 9. Viviani et al 1997, 10. Smolewski 
et al 1998 11. Nadali et al 1998. Abbreviations: st, stage, his, histology, B, B-symptoms, alb, S-albumin, noir, 
number of involved regions, Ms, maximal size of mediastinal tumor, CR, achievement of complete response, er, 
erytrocyte sedimentation rate, PCNA, proliferating cell nuclear antigen 

2.1.4  Non-Hodgkin´s lymphoma 

Non-Hodgkin´s lymphomas constitute a heterogenous group of diseases, and their 
classification has posed a persistent challenge for pathologists. The most advanced 
classification is the one published in 2001 by the World Health Organization “Tumours of 
Haematopoietic and Lymphoid Tissues”. This classification includes 31 different non-
Hodgkin lymphoma entities (Table 4).  
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Table 4. Classification of non-Hodgkin´s lymphomas and lymphatic leukemias according 
to WHO II classification 

Lymphoma subtypes 
Precursor B- and T- cell neoplasms 

Precursor B lymphoblastic leukemia/lymphoblastic lymphoma 
Precursor T lymphoblastic leukemia/lymphoblastic lymphoma 

Mature B-cell neoplasms 
Chronic lymphocytic leukemia/small lymphocytic lymphoma 
B-cell prolymphocytic leukemia 
Lymphoplasmacytic lymphoma 
Splenic marginal zone lymphoma 
Hairy cell leukemia 
Plasma cell myeloma 
Monoclonal gammopathy of undeterminatedsignificance 
Solitary plasmacytoma of bone 
Extraosseus plasmacytoma 
Primary amyloidosis 
Heavy chain diseases 
Extranodal marginal zone B-cell lymphoma of mucosa associated lymphoid tissue (MALT lymphoma) 
Nodal marginal zone B-cell lymphoma 
Follicular lymphoma 
Mantle cell lymphoma 
Diffuse large B-cell lymphoma 
Mediastinal (thymic) large B-cell lymphoma 
Intravascular large B-cell lymphoma 
Primary effusion lymphoma 
Burkitt lymphoma/leukemia 

Mature T-cell and NK-cell meoplasms 
T-cell prolymphocytic leukemia 
T-cell large granular lymphocytic leukemia 
Aggressive NK cell leukemia 
Adult T-cell leukemia/lymphoma 
Mycosis fungoides 
Sezary syndrome 
Primary cutaneous anaplastic large cell lymphoma 
Lymphomatoid papulosis 
Extranodal NK/T cell lymphoma, nasal type 
Enteropathy type T-cell lymphoma 
Hepatosplenic T-cell lymphoma 
Subcutaneous panniculitis-like T-cell lymphoma 
Angioimmunoblastic T-cell lymphoma 
Peripheral T-cell lymphoma, unspesified 
Anaplastic large cell lymphoma 

Neoplasm of uncertain lineage and stage of differentiation 
Blastic NK cell lymphoma 
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However, it seems that even some of the present entities, including diffuse large-cell 
lymphoma, are in themselves heterogenous categories of different diseases, and more 
biological knowledge is still needed to further develop the classification (Frizzera 1997, 
Jaffe et al. 2001). 

The basic principle of the modern classifications is that all the disease entities are 
different diseases with their own specific features, including the pattern of spread, 
etiology, treatment response, and optimal treatment. There are wide variations in the 
clinical behavior of lymphomas. Most of the lymphomas composed mainly of small 
lymphocytes, usually present with widely disseminated disease. These lymphomas cannot 
be cured with chemotherapeutics and aggressive treatments do not prolong the patient’s 
life, and these patients are usually treated with a “watch and wait” policy. Fortunately, the 
natural rate of progression of these tumors is long, and the mean survival of patients is up 
to 7 years. (Dana et al. 1993, Cameron & Leonard 1994) On the other hand, most 
lymphomas composed mainly of large cell histology can be cured with aggressive 
therapy, but if the treatment fails, these malignancies lead to the patient’s death within a 
short time (Bierman & Armitage 1996). This implies that more acute toxicities can be 
accepted during these curative treatments than during the treatment of low-grade 
lymphomas. 

Aggressive and rapidly progressing lymphomas are treated with combination 
chemotherapy whenever the patient tolerates the treatment. For patients with localized 
disease, a short course of chemotherapy with additional involved field radiotherapy 
provides excellent probabilities for long-term disease-free survival. On the other hand, 
patients with an advanced disease and risk factors have a high risk of treatment failure. It 
has been suggested that these patients should be scheduled for high-dose therapy and 
autologous stem cell transplantation during their primary treatment already. However, the 
results of randomized studies dealing with this topic are contradictory (Verdonck et al. 
1995, Martelli et al. 1996, Gianni et al. 1997, Fisher 2002, Kaiser et al. 2002). The value 
of high-dose therapy has been clearly demonstrated in the relapse of aggressive 
lymphomas (Philip et al. 1995). 

The clinical risk factors of aggressive non-Hodgkin´s lymphomas are relatively well 
characterized. The most important of these factors are included in the international 
prognostic index (IPI). Patients with low-risk disease (IPI 0-1) have a 73% chance for 
five years of survival compared to 26% of the patients with high-risk disease (IPI 4-5). 
(Shipp et al. 1993) There are also new data dealing with the biological features implying 
a more aggressive disease. The most important biological features seem to include the 
expression of anaplastic lymphoma kinase protein in anaplastic large-cell lymphomas, 
p53 mutations in aggressive lymphomas, and bcl-2 and bcl-6 gene translocations in 
diffuse large-cell lymphomas (Offit et al. 1994, Ichikawa et al. 1997, Gascoyne et al. 
1997, 1999, Moller et al. 1999).  
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2.2  Gelatinases and their inhibitors 

2.2.1  Matrix metalloproteinase gene family 

The matrix metalloproteinase gene family is a class of metalloproteinases capable of 
extracellular matrix degradation. Nowadays, 24 members of this enzyme family are 
known to exist (Woessner 1991, 1999). They have several structural similarities in their 
protein structure, and they all need a zinc atom for their catalytic action (Tryggvasson et 
al. 1992). MMPs play a role in a huge field of physiological processes. They are assumed 
to be participated in collagenolyses in, for example, blastocyst implantation, embryonic 
development, nerve growth, endometrial cycling, mammary gland morphogenesis, bone 
remodeling, wound healing angiogenesis, and apoptosis. Among pathologic processes, 
they are assumed to induce tissue destruction in, for example, rheumatoid arthritis, 
dilated cardiomyopathy, aortic aneurysm, gastric ulcer, fibrotic lung disease, and cancer 
invasion and metastasis. (Höyhtyä et al. 1990, Turpeenniemi-Hujanen et al. 1992, Parks 
& Mecham 1998). 

The exact role of each individual MMP in each individual process is far from clear. 
Indirect evidence may support the coexistence of a specific MMP in a specific process, 
but this does not necessarily imply a causal relationship. Indeed, it may be that MMPs 
can replace each other in many processes. This assumption is supported by the fact that 
most MMP knockout mice do not have a sharply defined phenotype, and depletion of one 
specific MMP has not led to the death of an organism. Also, the specific substrates for 
each MMP are not clear. Because there are 100 known macromolecular components of 
the extracellular matrix, it will still take a huge amount of research to clarify precisely 
which component is a substrate for each specific MMP. 

The present work focuses on MMP-2 and MMP-9 (gelatinases A and B), which are the 
main enzymes able to degrade type IV collagen and gelatin, the product of collagen 
degradation after lysis with collagenases. Type IV collagen is an integral part of basement 
membranes. Because the disruption of basement membrane is a key step in malignant 
transformation, these two MMPs are assumpted to play a key role during metastazing 
process. Allthough their role is widely studied in solid malignancies little is known about 
thei role in hematological malignancies which differ a lot of solid tumors by their basic 
biological features. 

2.2.2   Matrix metalloproteinase-2  

Many different types of tissue express continuously MMP-2. Unlike most other MMPs, 
MMP-2 activity has little regulation at the transcriptional level, and most of the 
regulation takes place at the post-transcriptional level and during enzyme activation and 
inactivation. This has been verified in experiments showing only minimal variation in the 
MMP-2 gene transcription, but several agents seems to regulate the gene transcription of 
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the other MMPs (Brown et al. 1990, Overall & Sodek 1990). This is further supported by 
the fact that the MMP-2 promoter region differs markedly from the promotors of the 
other MMPs (Matrisian 1994). On the other hand, TGF-α1, for example, can increase the 
MMP-2 mRNA half-life from 46 to 150 hours at the post-transcriptional level (Overall et 
al. 1991).  

MMP-2 is synthesized and secreted as an inactive proenzyme, which is stable in 
physiological conditions. After the secretion, proMMP-2 is assumed to be bound to its 
specific inhibitor, the tissue inhibitor of matrix metalloproteinase-2 (TIMP-2). It is 
possible that there are several pathways leading to the activation of the proenzyme, but 
physiologically the most important pathway is thought to be activation by membrane-
type metalloproteinases-1 (MT1-MMP). (Brown et al. 1990, Ward et al. 1991, Murphy et 
al. 1994) MT1-MMP is capable of binding to TIMP-2, bringing the complexed proMMP-
2 in proximity to the active site of the MT-MMP enzyme. This leads to the cleavage of 
two specific propeptides from proMMP-2 and the generation of an active 62 kDa MMP-2 
enzyme, which is still bound to TIMP-2 (Bergman et al. 1995, Strongin et al. 1995) 
(Figure 1). This membrane-bound activation of pro-MMP-2 allows the collagenolytic 
activity to be focused into the immediate vicinity of the invasive cell and prevents 
excessive matrix degradation (Brown et al. 1990). This has important implications for the 
biologic and pathologic differences between the two gelatinases (Table 5). 

The binding of a second TIMP-2 molecule or TIMP-1 to the catalytic site of MMP-2 
leads to the inactivation of the enzyme. TIMP-2 thus plays a dual role in the regulation of 
MMP-2 activity. On the other hand, it is essential for the activation of the proenzyme, but 
it also has an integral role in the inactivation of the active form of the enzyme. Other 
TIMPs do not seem to be capable of pro-MMP-2 activation, and TIMP-3 and TIMP-4, 
but not TIMP-1, are even able to inhibit the activation process (Groft et al. 2001, 
Hernandez-Barrantes et al. 2001, Pepper 2001). 
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Fig. 1. Interactions of MMP-2, membrane type MMP and TIMP-2 during activation and 
inavtivation of pro MMP-2. TIMP-2 binding to pro MMP-2 is mandatory for Mt MMP 
binding and activation of pro MMP-2. Binding of a seconf TIMP-2 or TIMP-1 molecule to an 
activated MMP-2 inactivates the active MMP-2 enzyme. 
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MtMMP 
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MMP-2 was first discovered in studies on basement membrane disruption. Lately it has 
been shown to be able to degrade type IV collagen, which is an integral part of basement 
membrane (Liotta et al. 1979). Metastatic potential of a solid tumor has been shown to 
correlate with it´s ability to degrade basement membranes (Liotta et al. 1980). Indeed it is 
not a surprise that in several solid tumor MMP-2 expression correlates with invasive 
phenotype and poor prognosis (garzetti et al. 1996, Gohji et al. 1996, Väisänen et al. 
1996, 1998, Talvensaari-Mattila et al. 1998, Westerlund et al. 1999, Jäälinoja et al. 2000). 
Other matrix macromolecules suspectible to lysis by MMP-2 are listed in table 5.  

Although many tumours have been shown to express MMP-2 protein, not all of them 
have been shown to express MMP-2 mRNA (Höyhtyä et al.1994). Indeed, many of these 
tumors have the mRNA localized in stromal cells (Autio-Harmainen et al. 1993, Polette 
et al. 1994). Tumors may induce stromal cells to synthesize MMP-2, and the secreted 
protein is recruited by receptors on the surface of neoplastic cells. On the other hand, 
stromal cells can also induce the MMP-2 synthesis of tumor cells, indicating the presence 
of complicated interactions between the malignant tumor and the surrounding 
extracellular matrix. (Westerlund et al. 1997, Kossakowska et al. 1999a) 

Along with enzymatic functions, MMP-2 and its degradation products also have 
regulatory functions. MMP-2 or some of its degradation products decrease cell adhesion, 
increase migration by cleaving the Ln-5 integrin receptor, thus triggering cell motility, 
and may serve as chemotactic stimuli (Calof et al. 1994). MMP-2 may induce mesangial 
cells into an inflammatory phenotype, and neutralization of MMP-2 with the retroviral 
antisense technique leads to a nearly complete elimination of these cells from the cell 
cycle (Turck et al. 1996). MMP-2 may also play a role in the cessation of an 
inflammatory response (McQuibban et al. 2002). 

In the start on neovascularization process MMP-2 and other MMPs lyse the matrix 
surrounding endothelial cells thus enabling the invasion of new vascular structures into 
the tissues (Pepper 2000). Indeed decreased tumor growth and new vessel formation has 
been detected in MMP-2 knock-out mice (Itoh et al. 1998). 
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Table 5. Similarities and differences between two gelatinases 

 Both MMP-2 MMP-9 
Substrates 
Matrix  
Protein 

collagens IV, V, VII, X, XI, 
XIV, gelatine, elastin, 
fibronectin, galectin-3, 
aggrecan, hyaluronidase treated 
versican, proteoglycan link 
protein, osteonectin, MBP 

collagens I, laminin-1, 
lami- nin-5,decorin, APP, 
prolysol oxidase fusion 
protein  

entactin 

Cytokines and resptors 
enzymes 

GST, TNF/TNF peptide, IL- 
1α, α1-AT 

IGF-BP5, FBF R1, MMP-
1, MMP-9, MMP-13 

IL-2R, IL-8,PF-4 GRO-α, 
CTAP-III plasminogen 

Regulation during activation, inactivation posttranscriptional transcriptional 

Activators APMA 
MT-MMP, trombin, 
urokinase 

cathepsin, trypsin, α-
chymotrypsin, stromelysin, 
colalgenase-I, matrilysin, 
mast cell chymase, MMP-2, 
trypsin 

Normal cell expression 
macrophage monocyte lineage, 
trophoblasts 

many cells neutrophils, T-lymphocytes 

Normal expression 
pattern 

 constant low expression highly inducible 

Gadher et al. 1981, Murphy et al. 1982,Welgus et al. 1990, Murphy et al. 1991,Senior et al. 1991, Fosang et al. 
1993, Miyazaki et al. 1993, Nguyen et al. 1993,Sires et al. 1993, , Crabbe et al. 1994, Gearing et al. 1994, 
Ochieng et al. 1994, Rocher et al. 1994, Sires et al. 1994, Walsh et al. 1994, Aimes & Quigley 1995, Chandloer 
et al. 1995, Fridman et al. 1995 , LePage et al. 1995, Patterson & Sang 1997, Perides et al. 1995, Sires et al. 
1995, Thrailkill et al. 1995, Backstrom et al. 1996, Fosang et al. 1996, Ito et al. 1996, Knauper et al. 1996, Levi 
et al. 1996, Panchenko et al. 1996, Giannelli et al. 1997,Sasaki et al. 1997, Imai et al. 1997 

2.2.3   Matrix metalloproteinase-9 

MMP-9 is another metalloproteinase capable of basement membrane degradation in vivo. 
Unlike MMP-2, which is constitutively expressed by many cells, MMP-9 expression 
normally only occurs in trophoblasts, osteoclasts, and leukocytes and their precursors 
(Borregaard et al. 1995, Harvey et al. 1995, Janowska- Wieczorek et al. 1995, Witty et al. 
1996). While MMP-2 expression has only slight control at the transcriptional level, 
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MMP-9 transcription can be highly induced by a wide range of agents. These agents 
include growth factors, cytokines, cell-cell and cell-ECM adhesion molecules, and agents 
altering cell shape. (Dong et al. 2001, Martin et al. 2001) Along with the differences 
between the quantities of MMP-2 and MMP-9 synthesis induction, there also exist 
qualitative differences. For example, TGF-α1 strongly up-regulates MMP-9 mRNA 
expression while simultaneously down-regulating MMP-2 expression. (Thompson et al. 
2001) These differences suggest that these two enzymes have different biological 
functions. 

Similarly to MMP-2, MMP-9 is also synthesized as a precursor, which is bound to 
TIMP-1 (Murphy et al. 1989, Moll et al. 1990). However, in cell cytosol, the enzyme can 
be stored in either a latent or an active form, which is in contrast to MMP-2, which can be 
stored only in a latent form (Nguyen et al. 2001). The activation of proMMP-9 is a 
complex process, which is regulated by interaction with TIMP and other MMPs 
(Kolkenbrock et al. 1995, Orgel et al. 1995). Numerous enzymes have been suggested to 
be capable of proMMP-9 activation. These include MMP-2, leukocyte elastase, tissue 
kallikrein (Menashi et al. 1994, Ferry et al. 1997), stromelysin, collagenase-1 
(Kolkenbrock et al. 1995a,b), and trypsin (Bu & Pourmotabbed 1996). MMP-9 has 
several active metabolites with molecular weights of 82, 67, 49, 41.5 and 40 kDa.  

All TIMPs can inactivate MMP-9, but TIMP-2 seems to have the highest specific 
activity (Howard et al. 1991).  

MMP-9 participates in the invasion of cells through matrix barriers and collagenolysis 
during invasion and tumor progression by degrading the matrix macromolecules. There 
are numerous reports demonstrating the ability of MMP-9 to cleave type IV collagen in 
vitro. The in vivo situation, however, is not equally clear. In addition to type IV collagen, 
MMP-9 is able to cleave the type V and XI collagens (Pourmotabbed et al. 1994). To a 
lesser degree, it also has activity against aggrecan (Fosang et al. 1992) and elastin (Senior 
et al. 1991), but not against type I collagen (Murphy et al. 1982). The known substrates 
of MMP-9 are presented in table 5. 

Physiologically, MMP-9 participates in trophoblast implantation, bone development, 
wound healing, and inflammatory processes, probably by enabling inflammatory cells to 
invade into the inflammatory focus and by participating in the regulation of inflammatory 
responses (Borregaard et al. 1995, Harvey et al. 1995, Janowska-Wieczorec et al. 1995, 
Goetzl et al. 1996,Witty et al. 1996, Sheu et al. 2001).  

Although there are physiologically only a few cell types expressing MMP-9, there are 
a wide range of tumors showing MMP-9 expression either in the tumor cells or in the 
normal cells surrounding the tumor (Pyke et al. 1992, Canete-Soler et al. 1994, Soini et 
al. 1994, Ashida et al. 1996, , Iwata et al. 1996). Many animal studies suggest that MMP-
9 (along with MMP-2) has a critical role in tumor invasion (Sier et al.1996). For 
example, the human osteosarcoma cell line up-regulates MMP-9 expression in response 
to TNF-α and becomes more invasive in vitro. Treatment of these cells with TNF-α prior 
to injection into nude mice results in an increased number of lung metastases in a dose-
dependent manner (Kawashima et al. 1994). In ICAM-deficient nude mice, lymphomas 
are not able to disseminate before they attain the capability of continuous MMP-9 
expression (Lalancette et al. 2000). 
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2.2.4  Tissue inhibitor of metalloproteinases-1 

Tissue inhibitors of metalloproteinases share the common capability to inactivate 
metalloproteinase enzymes. Four members of this protein family, TIMP-1, TIMP-2, 
TIMP-3, and TIMP-4, have been discovered (Vincenti 2001). 

TIMP-1 plays a role during the activation of MMP-9 (Kolkenbrock et al. 1995). It also 
has a capability to inactivate the active forms of both MMP-2 and MMP-9. In accordance 
with these findings, TIMPs have been shown to be able to inhibit tumor dissemination in 
rats and mice (Eccles et al. 1996, Parker et al. 2000). In TIMP-1 transgenic mice, the 
metastatic potential of intradermally injected lymphoma cells has an inverse correlation 
with TIMP-1 expression (Kruger et al. 1997).  

However, in contrast to its anti-invasive property, strong TIMP-1 expression is 
associated with an adverse outcome in several tumor models, including lymphomas, 
colorectal cancer, and lung cancer (Kossakowska et al. 1993, Ylisirniö et al. 1999, 
Stevenson & Brummer 2000, Yoshika et al. 2001). This probably reflects the fact that it 
actually has a much wider role in regulating the basic biological functions apart from 
simply inactivating MMPs. Indeed, it has been shown to be an antiapoptotic and growth-
stimulating factor for several normal tissues and malignant cell lines (Hayakawa et al. 
1990, 1992, Guedez et al. 1998a,b, 2001a). It is also antiangiogenic and decreases 
insulin-like growth factor II signaling (Martin et al. 1999, Brew et al. 2000). In 
accordance with these findings, Guedez et al. have shown that induction of TIMP-1 
expression in Burkitt´s lymphoma cells implanted in nude mice first induces acclerated 
tumor growth due to the inhibited apoptosis. After that, however, the tumor 
spontaneously regresses due to the impaired new vessel formation. (Guedez et al. 2001a) 

2.2.5  Gelatinases and angiogenesis 

Induction of the host’s vasculature to grow into the tumor to supply it is a phenomenon 
integral to cancer progression. The magnitude of angiogenesis is dependent on the 
balance between the positive and negative regulatory factors around endothelial cells, 
called ”angiogenic switch”. This, in turn, includes numerous regulatory proteins, such as 
vascular endothelial cell growth factor (VEGF), fibroblast growth factor (FGF), and 
angiostatin, and activation and inactivation of proteolytic enzymes, including MMPs, and 
serine proteases and their inhibitors. (Pepper 2001) 

It has been evident since the classic experiments of Clark & Clark 1939 that the new 
vessel formation is accompanied by excessive matrix degradation (Clark & Clark 1939). 
This is a critical step initiating the process leading to increased vascular permeability, 
vascular wall disassembly, basement membrane degradation, and endothelial cell 
migration and invasion. In fact, both MMP-2 and MMP-9 have been shown to be capable 
of inducing tube formation in endothelial cell culture (Schapner et al. 1993, Chandrasekar 
et al. 2000). However, at the end of neovascularization process, the capability to switch 
off proteolytic activity is critical to the stabilization of the new vessel because 
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uncontrolled proteolysis at this step is associated with regression of the newly formed 
vessels (Zhu et al. 2000, Davis et al. 2001).  

Resting endothelial cells do not express detectable amounts of MMPs or TIMPs. 
However, after growth stimulation in such situations as wound healing, rheumatoid 
arthritis, and various malignant tumors, they appear to express MMP-1, -2, -7, -9, as well 
as TIMP-1 and -2. (Pepper 2000). Moreover, various angiogenic regulators, including 
VEGF and bFGF, are able to induce MMP expression while simultaneously decreasing 
TIMP expression (Unemori et al. 1992, Cornelius et al. 1995). MT-MMP seems to be 
critical for extracellular matrix fibrinolysis and the activation of MMP-2 (Hiraoka et al. 
1998). The integral role of gelatinases in neovascularization has also been verified in 
knockout animal tumor models (Itoh et al. 1997, Vu et al. 1998, Zhou et al. 2000). This is 
further supported by the fact that MMP inhibitors are also potent angiogenesis inhibitors 
(Guedez et al. 2001, Hajitou et al. 2001) 

Along with their role in endothelial cell invasion, gelatinases also have a role in the 
regulation of neovascularization. MMP-9 releases VEGF from its matrix stores, which 
phenomenon seems to be critical for the beginning of the process and cannot be 
substituted with any other enzymes (Bergers et al. 2000). MMP-9 is also able to convert 
plasminogen into angiostatin, a potent angiogenesis inhibitor (Sang 1998). Many 
connective tissue degradation products also carry along with them inhibitory or 
stimulatory activities in neovascularization (Colorado et al. 2000, Kamphaus et al. 2000, 
Maeshima Y et al. 2000). 

2.3  Gelatinases in hematology 

2.3.1  Hematopoietic stem cells 

Resting hematopoietic stem cells (CD34+ cells) derived directly from bone marrow do 
not express metalloproteinases and show a low rate of migration through matrigel, an 
artificial basement membrane model. If the same stem cell population is derived from 
peripheral blood after stem cell mobilization, they express both MMP-2 and MMP-9 and 
their matrigel transmission is enhanced. The gelatinase expression of bone marrow stem 
cells may also be activated by various cytokines, including the granulocyte –colony-
stimulating factor, the granulocyte-macrophage colony-stimulating factor, and the 
interleukins -3, -6, and -8. (Janowska-Wieczorek et al. 1999).  

These results imply that metalloproteinase expression is mandatory for the 
mobilization of stem cells from bone marrow into circulation, which is also supported by 
the fact that MMP-9 accumulates in serum during the administration of colony-
stimulating factor (Takamatsu et al. 1999). However, although the migration through 
matrigel can be blocked by MMP inhibitors (Janowska-Wieczorek et al. 1999), the stem 
cell mobilization induced by granulocyte colony-stimulating factor can not (Takamatsu et 
al. 1999). 
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2.3.2  Granulocytes 

Granulocytes are a subset of leukocytes integral to many functions of the immune system, 
but specifically to protection against bacteria. Upon contact with inflammatory mediators, 
such as IL-8, the neutrophil changes from a passive state into a highly responsive cell 
capable of firm adhesion to the endothelium and mobilizes its secretory vesicles 
(Opdenakker et al. 2001). At the next step of the inflammatory response, the cell secretes 
MMP-9 from peroxidase-negative gelatinase granules, which leads to basement 
membrane disruption and transmigration of the neutrophil through the basement 
membrane into the tissue. At the last stage of the reaction, the mobilization of specific 
granules enhances the phagocytic potential of the neutrophil, and the fusion of the 
azurophilic and specific granules with the phagosome results in bactericidal activity 
(Kjeldsen et al. 1993, Borregaard & Cowland 1997).  

This complex reaction is possibly due to the presence of highly differentiated granules 
containing different enzymes in the neutrophil cytoplasm. There are four types of 
granules: primary peroxidase-positive, defensive negative and positive, and peroxidase-
positive secondary and tertiary granules.  

The synthesis of proteins in these granules starts at the promyelocyte stage with the 
synthesis of peroxidase-positive granules. Peroxidase-negative granules, including 
gelatinase-containing tertiary granules, are synthesized at the myelocyte stage of 
development. (Graubert et al. 1993, Borregaard et al. 1995)  

In tertiary granules, MMP-9 is stored in an inactive proenzyme form as monomers, 
dimers, a mono-dimer/lipocalin complex or a monomer/lipocalin/TIMP-1 complex 
(Kolkenbrock et al. 1996). 

Apart from its function as an invasion enzyme, MMP-9 also has a role as a regulator 
of leukocyte biology. It truncates IL-8 at the amino terminus into a chemokine of tenfold 
potency, resulting in a positive feedback loop for neutrophil activation and chemotaxis. 
The CXC chemokines GRO-alpha, CTAP-III, and PF-4 are also degraded by MMP-9. 
(Opdenakker et al. 2001). Moreover, gelatinases take part in general immune activation 
by facilitating the secretion of TNF-α and releasing the stored growth factors from the 
matrix (Goetzl et al. 1996). 

2.3.3  Monocyte macrophage lineage 

Monocytes express small quantities of both MMP-2 and MMP-9. MMP-9 expression can 
be induced with TNF-α and interaction with collagen it can be down-regulated with 
transforming growth factor- β and IL-10 (Galt et al. 2001, Mostafa et al. 2001, Vaday et 
al. 2001). When monocytes are induced to differentiate into mature macrophages by, for 
example, TNF-α, the MMP-9 expression enhances. At the macrophage stage of 
differentiation, cells express continuously small amounts of MMP-2, MMP-9 expression 
can be induced to increase up to 15-fold over the baseline activity by, for example, TNF-
α  IL-1β and interaction with human endothelial cells (Saren et al. 1996, Amorino & 
Hoover 1997, Xie et al. 1998).  
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This altered MMP expression probably enables monocyte and macrophage migration 
to tissues and the inflammatory focus, but may also have deleterious effects in the form 
of tissue degradation during inflammation. Dendritic cells differentiated from monocytes 
produce only MMP-9 (Bartholome et al. 2001). It may also be that the macrophages 
surrounding the malignant tissue serve as a MMP reservoir for the tumor cells not 
capable of MMP synthesis. 

2.3.4  Lymphocytes 

In the absence of an exogenous inflammatory stimulus, resting CD4+ T-lymphocytes 
(helper cells) express small amounts of MMP-9 and TIMP-1. The CD8+ (cytotoxic T-
cells) and CD3+ populations exhibit these same activities, albeit in smaller quantities. In 
comparison, CD56+ T-cells (natural killer cells) express barely detectable levels of these 
enzymes.  

Macrophage inflammatory proteins, which are also known to participate in 
chemotaxis, (β chemokines) up-regulate the secretion of proMMP-9 from all of these 
cells, and TNF-α and IL-1 up-regulate the secretion of CD3+ and CD4+ cells, while IFN-
α down-regulate it in all T-cell sublines (Johnatty et al. 1997, Hausenberger et al. 1999). 
In fact, it seems that a given cytokine can transmit different effects in different situations, 
depending on the concentration and net balance of cytokines around the cell (Vaday et al. 
2001). There are also reports about MMP-2 expression in T-lymphocytes (Leppert et al. 
1995), but it may be that these findings are due to contamination of lymphocytes with 
other leukocyte subsets.  

Augmentation of MMP secretion stimulates the migration of T-lymphocytes through a 
reconstituted basement membrane, which, on the other hand, can be inhibited with a 
MMP inhibitor. These results suggest that MMPs have an integral role in the invasion of 
T-lymphocytes into the inflammatory focus, and this phenomenon is regulated by the 
same cytokines and chemokines that also regulate the other parts of the inflammatory 
response. (Leppert et al. 1995) 

Along with its role in inflammatory activation, MMP-9 is assumed also to be involved 
in cancer-related immunosuppression. MMP-9 is capable of cleaving IL-2R receptor from 
tumor-infiltrating T-lymphocytes. ( Sheu et al. 2001) 

There are fewer reports on MMP-2 and MMP-9 expression in B-lymphocytes. Stetler-
Stevenson et al. have shown faint MMP-9 activity by gelatinase zymography but not by 
Northern blot analysis in normal tonsillar cell suspension containing 62% B-cells and 
19% T-cells, with the rest of the cells representing monocytic lineage (Stetler-Stevenson 
et al. 1997).  

TIMP-1 has specific important functions during the development and maturation of 
normal B-cells. Naïve B-cells are produced in bone marrow and travel to lymph nodes to 
either undergo apoptosis or to further differentiate into highly proliferative centroblasts. 
These processes are stimulated by T-cells and germinal center follicular dendritic cells 
(Liu et al. 1991). It seems that the germinal center microenvironment induces maturing 
B-cells to express TIMP-1, which is also expressed by the surrounding B-cells inducing 
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differentiation into the centrocytic stage (Li et al.1999, Guedez et al. 2001). TIMP-1 also 
induces IL-10 expression and up-regulates the expression of CD40, a pro-proliferative 
factor, and down-regulates that of CD77, a pro-apoptotic factor (Guedez et al. 1998). 
TIMP-1-induced IL-10 expression further stimulates cells to differentiate into mature 
plasma cells. While it is known that IL-10 acts as a potent autocrine growth factor and its 
expression is associated with poor prognosis in non-Hodgkin´s lymphomas, these 
findings may have importance in the biology of non-Hodgkin´s lymphomas as well 
(Guedez et al. 2001). 
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Fig. 2. Schematic presentation of differentiation of blood cells from common stem cells 
illustrating which cells are known to express gelatinases.  
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2.3.5  Platelets 

The migration of polypoid mature megakaryocytes from the bone marrow 
microenvironment into the perivascular extracellular space is an integral phenomenon at 
the beginning of thrombopoiesis. For migration, megakaryocytes need MMP-9, and 
thrombopoiesis can actually be blocked by an MMP inhibitor (Lane et al. 2000). 

While MMP-9 is integral for thrombopoiesis, MMP-2 seems to have a role in platelet 
aggregation. Two pathways are known to activate platelet aggregation namely the release 
of endoperoxide/thromboxane A2 and ADP. Sawicki et al. have recently demonstrated 
that MMP-2 is released during aggregation and that this release correlates with the 
magnitude of activation. Aggregation inhibitors decrease MMP-2 secretion, just as MMP-
2 inhibitors decrease platelet aggregation. These results suggest that MMP-2 could also 
have a role in regulating platelet aggregation (Sawicki et al. 1997). It has been shown that 
the ability of tumor cells to induce platelet aggregation correlates with its MMP-2 
expression and can be reversed with a synthetic MMP inhibitor or anti-MMP-2 antibodies 
(Juraz et al. 2001). On the other hand, thrombin stimulates MMP-9 expression in human 
mesangial cells (Liu et al. 2000). 

2.3.6  Bone marrow stromal cells and dendritic cells 

On resting stage no bone marrow stromal cells show nor MMP-2 neither MMP-9 
expression when studied with immunohistochemical staining method. TIMP-2 positivity 
can be detected in stromal histiocytes only. (Ogawa et al. 2000) However during 
migration into a site of bone resorption osteoclasts produce MMP-9, which expression is 
integral to the migration and bone resorption phenomen (Spessotto et al. 2002). 

Both mature and immature monocyte-derivied dendritic cells express both MMP-2, 
MMP-9 and TIMP-1 (Kouwenhoven et al. 2002). MMP-9 expression can be inhibited by 
IFN-β (Bartholome et a.l 2001). 

2.3.7  Gelatinases in AML 

For years, there have been only anecdotal reports of MMP-2 and -9-expressing myeloid 
cell lines (Kubota et al. 1996, Matsuzaki & Janowska-Wieczorek 1997). However, the 
ultimate role of these enzymes in the biology and clinical course of leukemia is poorly 
defined. Both Janowska-Wieczorek et al. and Ries et al. have recently published studies 
dealing with the MMP and TIMP expression of freshly isolated human blasts. They have 
shown that all myeloid leukemic blasts secrete MMP-2 and/or MMP-9 as well as TIMP-1 
and TIMP-2 when measured at the protein or mRNA levels. (Janowska-Wieczorek et al. 
1999, Ries et al. 1999) Because TIMPs have been shown to have growth-potentiating 
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activity in several cell lines, the authors suggest that elevated TIMP activity, apart from 
its role in regulating MMP activity, could also serve as an autocrine growth stimulus. 

MMPs also seem to be integral to AML cell invasion but cannot explain the whole 
invasion process. All-trans-retinoic acid induces differentiation of the NB4 promyelocytic 
cell line and, at the same time, increases its in vitro invasiveness through matrigel. NB4 
cells express both MMP-2 and MMP-9and this increased invasion can be blocked with a 
synthetic MMP inhibitor. (Zang et al. 2000). 

The results of Sawicki et al. suggest that it is specifically MMP-2, not MMP-9, that is 
important for AML blast invasion (Sawicki et al. 1998). 

2.3.8  Gelatinases in ALL 

Hendrix et al have shown with lymphoblastoid cell lines that the ability of these cells to 
invade through matrigel correlates with the MMP-2 expression and the propensity of cells 
to invade and metastasize in a SCID mouse model, while Ivanoff et al. found MMP-9 
expression to be more important (Hendrix et al. 1992, Ivanoff et al. 1999). On the other 
hand, this may be an oversimplification of the problem. Kossakowska et al. implanted 
human Burkitt´s lymphoblastoid cells into a SCID mouse. Some of these cells invaded 
into the central nervous system, and these cells were shown to contain MMP-9 of mouse 
origin. Co-culture of malignant cells with mouse astrocytes led to increased MMP-9 
expression by astrocytes. These results imply more complicated interactions between 
tumor cells and the matrix in the invasion of lymphoblasts (Kossakowska et al. 1999). 
The role of MMPs has not been studied in clinical materials. 

2.3.9  Gelatinases in Hodgkin´s lymphoma 

There are only two publications dealing with the role of gelatinases in Hodgkin´s 
lymphoma. Flavell et al. studied the expression of MMP-9 and its correlation with EBV 
status and survival in Hodgkin´s lymphoma. The authors found that all the samples were 
positive with MMP-9 staining, but the intensity of staining varied. No statistically 
significant association between MMP-9 expression and survival was found, although a 
trend toward a more favorable prognosis for patients with weak staining was found in 
Kaplan-Meier analyses. This finding was ignored by the authors. The MMP-9 expression 
did not correlate with the presence of EBV genome (Flavell et al. 2000). Oelman et al. 
discovered expression of mRNA for MMP-2, TIMP-1, and TIMP-2 in a series of 15 cases 
of Hodgkin´s lymphoma. They found MMP-2 expression in reactive lymphocytes, but not 
in malignant cells (Oelman et al. 2002). 
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2.3.10  Gelatinases in Non-Hodgkin´s lymphomas 

Kossakowska et al. have published two reports dealing with MMP and TIMP expression 
in clinical non-Hodgkin´s lymphoma materials consisting of a wide range of different 
lymphoma subtypes. They found that low-grade non-Hodgkin´s lymphomas express 
relatively constant small amounts of MMP-2, MMP-9, TIMP-1, and TIMP-2, while high-
grade tumors show more massive and variable, up to sevenfold expression of MMP-9 and 
TIMP-1. MMP-2 expression was present in less than half of the cases with high-grade 
histology. (Kossakowska et al. 1991, 1992) Interestingly, in situ hybridization showed 
TIMP synthesis to be localized in stromal cells surrounding the tumor, while MMP 
mRNA was localized in macrophages within the tumor and in large malignant lymphoma 
cells. TIMP-1 expression correlated with high MMP-9 expression, though there were also 
cases showing only either MMP-9 or TIMP-1 expression. Elevated TIMP expression 
seemed to correlate with more extensive disease stage in high-grade tumors, but the 
material was too small and heterogenous to allow definitive clinical correlations 
(Kossakowska et al. 1991). In their next study, Kosskowska et al applied northern blot 
analysis to samples from 18 patients with high-grade immunoblastic lymphoma. They 
found tumor stage and the patient’s age to be the most important prognostic factor, but 
after controlling for age, MMP-9 expression also seemed to be linkes to a poor prognosis 
(Kossakowska et al. 1992). Lately, Vacca et al. have also shown, using in situ 
hybridization and zymography techniques in multiple myeloma and mycosis fungoides, 
that enhancement of both MMP-2 and MMP-9 expression is linked to more aggressive 
and advanced disease and more extensive neovascularization (Vacca et al. 1997, 1999, 
2000). 

The findings of Lalancette et al. also support the idea that MMP-9 may contribute to 
the clinical aggressiveness of lymphomas. Gelatinase expression in lymphocytes require 
contacts with ICAM-1, fibronectin, and vitronectin. (Aoudjit et al. 1998, Vacca et al. 
2001). Intercellular adhesion molecule-1 (ICAM-1)-deficient mice are usually resistant to 
lymphoma cell dissemination. However, with repeated in vivo passages, a highly 
aggressive cell line with a capability to invade in ICAM-1-deficient mice can be 
developed. These cell lines show high and constant MMP-9 expression. (Lalancette et al. 
2000). Aoudjit et al studied a mouse thymus lymphoma model. They found that 
lymphoma cells induce the host’s stromal cells to synthesize MMP-9, which is needed for 
tumor progression (Aoudjit et al. 1997). This is in contrast to the results of Kossakowska 
et al, which showed MMP-9 transcripts to be localized in malignant cells (Kossakowska 
et al. 1991).  

MMP-9 expression in non-Hodgkin´s lymphomas correlates with IL-6 expression, 
which, in turn, is an adverse prognostic indicator in NHL. IL-6 has been shown to be able 
to stimulate the MMP-9 expression and invasion of lymphoma cells in vitro. The 
expression of IL-6, in turn, correlates with TIMP-1 expression and an adverse prognosis 
(Kossakowska et al. 2000). 

The expressions of MMP-9 and TIMP-1 are interconnected processes, and both are 
associated with an adverse prognosis in several tumor models. To clarify which one is 
more essential for lymphoma growth, Aoudjit et al generated lymphoma cell lines 
showing elevated expression of MMP-9 or TIMP-1 or both. After implantation into 
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mouse thymus, they found the tumor’s growth rate to correlate with MMP-9 expression 
but not with TIMP-1 expression (Aoudjit et al. 1999). 

Based on all of the above-mentioned studies, it seems evident that MMP-9 expression 
is somehow integral to the progression of malignant lymphomas. 

Table 6. Current data in the literature dealing with the role of gelatinases in 
hematological malignancies. 

 AML ALL Hodgkin’s 
lymphoma 

non-Hodgkin’s 
lymphoma 

Immuno-
histochemistry 

not known MMP-9 expression not known  

RNA expression MMP-2, 
MMP-9 
expression 

not known MMP-9 
expression 

MMP-2, 
MMP-9 
expression 

Cell culture MMP-2, 
MMP-9 expression 
MMP inhibitor blocks 
invasion 

invasion capacity 
linked to MMP-2 
expression 

not known MMP-9 expression 
stimulated by IL-6 

Animal data not known hosts MMP-9 
involved in invasion 

not known MMP-9 critical for 
growth 

Clinical data not known not known not known MMP-9 linked to 
aggressive behavior 

Kosskowska et al. 1991, Hendrix et al. 1992, Kossakowska et al. 1992, Kubota et al. 1996, Aoudijt et al. 1997, 
Matsuzaki et al. 1997, Vacca et al.1997, Aoudijt et al. 1998, Sawicki et al. 1998, Aoudijt et al. 1999, Ivanoff et 
al. 1999, Janowska-Wieczorek et al. 1999, Kossakowska et al. 1999,Ries et al. 1999, Vacca et al. 1999, Flavell 
et al. 2000, Kossakowska et al. 2000, Lalancette et al. 2000, Vacca et al. 2000, Zang et al. 2000,Vacca et 
al.2001, Oelman et al. 2002 



3 Aims of the present study 

There is a wide variety among treatment intensity for hematological malignancies. In 
diseases, treated with curative intent, usually the more intensive treatments offer also 
better chances for cure but also possess the patients to an increased risk of treatment 
related toxcicities. For this reason good prognostic and predictive markers are needed to 
assess each patients risk of disease progression and select the patients to more intensive 
treatment strategies. 

Gelatinases were found due to their capacity to degrade type IV collagen. This evoked 
research activity to clarify their role during the invasion and dissemination of malignant 
tumors. However, most biological data dealing with gelatinases derives from experiments 
with solid tumors, which cannot be directly extrapolated to encompass hematological 
malignancies, which biologically differ considerably from solid tumors. Little data exists 
from the biological and clinical role of gelatinases during the progression of 
hematological malignancies. The importance of this data is further supported by the fact 
that first MMP inhibitor drugs are in clinical trials. 

The specific aims of the present study were to study 

1. the expression pattern of MMP-2 and MMP-9 in hematological malignancies. 
2. the correlations of MMP-2 and MMP-9 expression with clinical disease 

characteristics. 
3. by extrapolating from clinicopathological correlations the hypothetic biological role 

of gelatinases during the progression of hematological malignancies. 
4. the prognostic and predictive role of gelatinases in different hematological 

malignancies 



4 Materials and methods 

The material consisted of 257 patients with different hematological malignancies. 
Spesific disease distribution of the patients included in the material is presented in table 
7. 

Table 7.  Material of the present study 

Bone marrow aspirate samples 
 

Number of cases 
 

Normal bone marrow aspirates 10 

Leukemia samples 
CLL 
CML 
ALL adult patients 
ALL pediatric patients 
AML 

 

 
7 
6 
20 
55 
35 
 

Paraffin embedded tumour samples  

Hodgkin´s lymphomas 
Nodular sclerosis 
Mixed cellularity 
Lymphocyte depleted 
Nodular lymphocyte rich 

 

 
31 
18 
2 
16 
 

Non-Hodgkin´s lymphomas 
Diffuse large B-cell 
Immunoblastic lymphoma 
Peripheral T-cell lymphoma 
Follicular lymphoma 

Anaplastic lymphoma 

 
34 
2 
8 
10 
3 
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4.1  Patients’ diagnostic work-up and treatment 

Bone marrow aspirates for smears were taken from the patients with leukemia during 
their routine diagnostic and treatment evaluation between February 1987 and December 
1994 in the Hematological Treatment Unit at the Department of Internal Medicine and 
the Pediatric Cancer Unit in the University Hospital of Oulu, Finland. Unused and 
unstained smear samples were air-dried and stored dry at room temperature. The samples 
were from 35 patients with acute myeloid leukemia (AML), 20 adult patients with acute 
lymphatic leukemia (ALL), and 55 pediatric patients with ALL, 7 patients with chronic 
lymphatic leukemia (CLL), and 6 patients with chronic myeloid leukemia, of whom 3 
represented the chronic phase and 3 the myeloid blast crisis phase of the disease. All of 
the ALL and AML cases with a smear marrow sample available were included in this 
study. The diagnosis of CLL was based on a typical morphology and surface marker 
phenotype (Preud´homme et al. 1972, Jaffe et al. 2001), while the CML diagnosis was 
based on the presence of the Philadelphia chromosome t(9;22) (Rowley et al. 1973). The 
diagnosis of acute leukaemia was based on May-Grünwald-Giemsa staining (MGG), flow 
cytometric analysis, Sudan-Black, and non-specific esterase stainings of bone marrow 
and blood smears interpreted using the French-American-British (FAB) classification 
criteria (Bennett et al. 1985). Karyotype analysis was performed with a standard Giemsa 
banding technique. Follow-up data were available for 44 months or more. 

Children suffering from ALL were treated according to the protocols of the Nordic 
Society of Pediatric Hematology and Oncology. 

Seven out of 20 adult patients (numbers 1-7) were scheduled for the ALL-86 and 13 
patients (numbers 8-20) for the ALL-90 protocol of the Finnish Leukemia Group. The 
ALL-86 protocol included 5 intensive chemotherapy cycles followed by maintenance 
treatment for up to 3 years from the diagnosis. The maintenance treatment was 
interrupted after 2 months for 2-3 months, when three consecutive early intensification 
cycles were given, after which the maintenance treatment was continued. The ALL-90 
protocol consisted of 6 intensive cycles followed by maintenance treatment for up to 3 
years from the diagnosis. The two protocols were comparable in intensity (unpublished 
data). 

Twenty-seven out of the 35 patients with AML received intensive post-remission 
therapy after the achievement of remission. Altogether 18 patients were scheduled for the 
AML-86 (Elonen et al. 1998) and 9 for the AML-92 protocol of the Finnish Leukaemia 
Group. The AML-86 protocol included 4 to 8 intensive chemotherapy cycles and the 
AML-92 protocol 4 to 5 cycles of comparable intensity. The AML-92 protocol had 
daunorubicin replaced by idarubicin, but otherwise, similar chemotherapeutics were used. 
Allogeneic bone marrow transplantation was offered to every patient with a HLA-
matched sibling and otherwise eligible for the procedure. Ten out of 27 patients 
underwent ABMT. Nine patients not suitable for intensive treatments due to high age or 
other diseases were treated with more less intensive AML chemotherapy (Ruutu et al. 
1994). 
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4.2  Lymphoma patients´ diagnostic work-up and treatment  

Tumor (lymph node or extranodal tumor) biopsy material was obtained from 67 patients 
with Hodgkin´s lymphoma and 57 patients with non-Hodgkin´s lymphoma treated at the 
Oulu University Hospital Department of Radiotherapy and Oncology between January 
1990 and December 1997. 

The diagnostic work-up included history and physical examination, blood chemistry, 
thoracic and abdominal CT scans, and bone marrow biopsy. At the beginning of the study 
period, staging laparotomy was also performed on the Hodgkin´s lymphoma patients 
treated with “mantle field irradiation”. 

The patients with stage I and II Hodgkin´s lymphoma were treated with 40 Gy (2.0 
Gyx20, 5fr/vk) of mantle field irradiation. Toward to the end of the study period, the 
patients with stage II and bulky tumors were treated with combined modality treatment. 
Patients with Stage IIB, Stage III, and Stage IV Hodgkin´s lymphoma were treated with 
chemotherapy. The chemotherapy consisted of 6-8 courses of MOPP-ABVD hybrid or 
ABVD polychemotherapy with or without involved field radiation therapy of 36 Gy. The 
number of chemotherapy cycles depended on the treatment response, and two more 
cycles were usually given after the maximal chemotherapy response. 

All the patients with non-Hodgkin´s lymphomas were treated with polychemotherapy. 
35 patients with CHOP, 15 with CNOP for 6-10 cycles, 6 patients with 12 week of 
MACOP-B regimen and one with CHOP like regimen containing also high dose 
methotreksate with or without involved field radiotherapy (2,0 Gyx20, 5 fractions/week). 

4.3  Preparation of smears for immunocytochemical staining 

After the diagnostic work-up, the bone marrow aspirate smears were stored dry at room 
temperature protected from sunlight. To remove the bone marrow fat and the endogenous 
peroxidase activity, the slides were first incubated for 4 minutes in formaldehyde vapor, 
washed carefully under running tap water, and air-dried. The samples were then 
incubated in ether for 60 seconds and air-dried. Endogenous peroxidase activity was 
blocked by incubating the slides in 5 % H2O2 for 7 minutes, followed by two rinses in 
phosphate-buffered saline (PBS). 

4.4  Preparation of paraffin-embedded tumor samples for 
immunohistochemistry 

The paraffin-embedded tumor sections of 4µm were incubated for 12 h at 37°C, dewaxed 
in Histo-Clear (National Diagnostics, Atlanta, GA), and hydrated. The specimens were 
treated with 0.4% pepsin (Sigma, St Louis, MO) for 20 minutes at 37°C. Endogenous 
peroxidase activity was blocked by incubating the slides in 3% hydrogen peroxide in 
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absolute methanol for 15 min, and non-specific binding was blocked by incubation in 
10% goat serum for 15 min.  

4.5  Staining procedure 

The immunocytochemical staining of bone marrow aspirates was performed with the 
avidin-biotin immunoperoxidase method modified from the original avidin-biotin 
immunoperoxidase staining developed by Hsu et al. 1981 for histological samples. 
MMP-2 and MMP-9 were recognized using specific commercial antibodies (Diabor ltd, 
Oulu Finland) for the aminoterminal end of the latent form of MMP-2 and for free and 
complexed forms of MMP-9. Anti-MMP-2 (4.2 µg/ml) or anti-MMP-9 (36 µg/ml) 
antibody as well as 15 µg/ml of nonimmuno-IgG (negative controls) diluted in 1% of 
bovine serum albumine/PBS were used as primary antibodies. The slides were incubated 
for 60 minutes with the primary antibody and washed three times for five minutes with 
PBS. Biotin-conjugated anti-mouse IgG (2 µg/ml/10min) was used as the second 
antibody. After three washes, the avidin-biotin-peroxidase complex was added, incubated 
for 10 minutes, and washed again three times. The positive staining was visualized by 
using 0.05% diaminobenzidine (DAB) for the bone marrow aspirate samples and an 
aminoethyl carbazole substrate kit (AEC, Sigma) for the paraffin-embedded samples. 
Finally, the slides were counterstained with May-Grünwald-Giemsa staining or 
hematoxylin. Polymorphonuclear leukocytes, which have been shown to contain MMP-9 
were used as internal positive controls. The first antibody was replaced by mouse non-
immuno-IgG in the negative controls. The MMP-2 and MMP-9 stainings were performed 
parallel on each bone marrow aspirate specimen and on separate slices in the paraffin-
embedded tumor sections. Factor VII and TIMP-1 stainings were performed on separate 
slices. 

4.6  Sample evaluation 

4.6.1  Evaluation of MMP-2 and MMP-9 staining of bone marrow 
samples 

The immunostaining reactions were analyzed by two independent observers, and at least 
200 cells were counted. Only the cells with morphologically identifiable blast cell 
histology were counted, and more differentiated cells were discarded from the analyses. 
The proportions of positive blast cells are presented as mean values obtained from the 
two observers. Cases showing positive staining in 1% or more of the blasts were regarded 
as positive. 
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4.6.2  Evaluation of MMP-2 and MMP-9 staining of paraffin-embedded 
tumor samples 

The immunostainings for MMP-2 and MMP-9 were scored by two independent 
observers. A section of Hodgkin´s lymphoma was analyzed for the presence or absence of 
positive staining in Reed-Sternberg`s cells in classical Hodgkin`s disease and large 
neoplastic cells in Hodgkin´s lymphoma with lymphocyte predominance and separately 
for positivity in reactive benign lymphocytes in the surrounding stromal cells. Samples 
representing non-Hodgkin´s lymphomas were only analyzed for positivity in malignant 
cells.  

4.6.3  Evaluation of factor VIII staining 

Factor VIII immunohistochemical staining showed positivity in tumor 
neovascularization. The results were analyzed by counting the number of blood vessel 
cross-sections from twenty different high-power microscopic fields. These fields were 
chosen from the parts of the tumor showing most pronounced vascularization. The 
numerical value given represents an average of the calculated fields. 

4.7  Statistical analysis 

The linkage of different disease characteristics with MMP stainings were studied by 
cross-tabulation and the statistical significance with the chi-square test. To study the 
linkage of clinical factors and MMP-2 and MMP-9 stainings with the extent of 
neovascularization, Kendall´s tau and Spearman´s rho tests were used. 

Survival was calculated from the date of diagnosis to the date of death from the 
malignant disease or the last follow-up visit. The Kaplan-Meier method was used for 
survival analysis, and statistical significance was calculated with Log-Rank analyses. The 
Cox proportional hazard model was used to analyze the connections between 
neovascularization and survival. 

P-values under 0.05 were considered as statistically significant. 



5 Results 

5.1  Evaluation of gelatinases A and B and TIMP-1 expression in 
different hematological malignancies 

A total of 257 cases representing different hematological malignancies (10 cases with 
normal bone marrow findings, 7 patients with CLL, 6 patients with CML, 75 patients 
with ALL, 35 patient´s with AML, 67 patients with Hodgkin´s lymphoma and 57 patients 
with non-Hodgkin´s lymphomas) were available for immunohistochemical analyses. 
MMP-2 and MMP-9 were analyzed from all samples, factor VIII from the cases 
representing lymphomas, and TIMP-1 from non-Hodgkin´s lymphomas. 

5.1.1  Expression of gelatinases in normal bone marrow cells (I) 

The normal bone marrow aspirates showed a granular positive immunoreaction for 
MMP-9 in the cytoplasm of maturing myeloid cells, especially band and segmented 
neutrophils. MMP-2 staining was detectable in monocytes. No reactivity could be seen in 
any cell type with a non-specific antibody. Lymphocytes were negative with both of the 
gelatinase antibodies.  

5.1.2  Expression of gelatinases in chronic leukemias (I) 

Among the seven patients suffering from CLL, malignant cells in bone marrow samples 
did not express MMP-2 or MMP-9 protein. In three cases representing chronic phase 
CML, maturing myeloid cells expressed strongly both of the gelatinases, especially 
MMP-9. This expression could be detected in the cytoplasm of maturing myeloid cells. 
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However, three cases represented CML with myeloid blast crisis, no gelatinase 
expression could be seen in the blast cells of their samples, while mature cells still 
showed prominent gelatinase expression. 

5.1.3  Expression of gelatinases in AML (I) 

There were 35 patients whose bone marrow aspirates were taken at the primary 
diagnostic evaluation of AML. In blast cells of AML patients, immunoreactivity for both 
enzymes was found mainly in the cytoplasm and the cell surface. MMP-9 expression was 
found in only one case of AML, while the rest of the cases were negative. On the other 
hand, the blast cells in 25 out of 35 cases showed a positive reaction for MMP-2 
antibody, and ten cases were negative. The amount of MMP-2-expressing blast cells 
varied from 1% to 70% of AML blasts.  

5.1.4  Expression of gelatinases in ALL (II) 

Primary diagnostic bone marrow samples were available from 75 patients with ALL, 20 
of them were adults and 55 pediatric patients. 

65% (13 cases) of the adult ALL patients showed positive reactions in blast cells for 
MMP-2 antibody. 25% (5 cases) were positive for MMP-9, and all of these cases were 
also positive for MMP-2 There was also some positive staining detectable in more 
differentiated cells, but these were not included in further analyses. In positive blast cells, 
expression was seen in cytoplasm. In most cases, this expression was weak and only 
visible in a minority (1-10%) of blast cells. Two cases showed prominent staining, one in 
25% and the other in 42% of blast cells.  

12.7% (7 cases) of the cases representing pediatric ALL showed a positive reaction in 
blast cells for either of the antibodies, 3.6% (2 cases) showed a positive reaction for 
MMP-2 antibody only, 3.6% (2 cases) for MMP-9 antibody, and 5.5% (3 cases) for both 
antibodies. 

5.1.5  Expression of gelatinases in Hodgkin´s lymphoma (III) 

Lymphoma cases were analyzed using paraffin-embedded histological lymph node 
sections. Instead of only recording the percentage of cells with positive staining in these 
analyses, the intensity of staining was also recorded and the samples were scored from 0 
to 3. 

In the 67 cases with Hodgkin´s lymphoma, the results were analyzed separately for the 
expression of these enzymes in malignant cells or reactive lymphocytes. MMP-2 
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expression in malignant cells was detected and scored as 0 to 3 in 39%, 43%, 12%, and 
6% of the cases, respectively. In reactive lymphocytes, the corresponding numbers were 
36.6%, 38.0%, 11.3%, and 5.6%. MMP-9 expression in malignant cells was detected and 
scored as 0 to 3 in 36%, 30%, 15%, and 19% of the cases, respectively, and in reactive 
lymphocytes in 21.1%, 33.8%, 21.1%, and 18.3%. In MMP-2 staining, positivity was 
strongest in the vicinity of the sclerotic parts of the tumor. Also, many of the tumour 
vessels had a specific small granular staining pattern of MMP-9 in the endothelial cells 
lining the vessel walls.  

5.1.6  Expression of gelatinases in non-Hodgkin´s lymphomas (IV) 

Among the 57 cases representing non-Hodgkin´s lymphomas, 10%, 31%, 38 %, and 21% 
of the samples showed score 0 to score 3 stainings in malignant cells, respectively, with 
the antiMMP-2 antibody. The MMP-2 immunoreactive protein was localized in the 
malignant lymphocytes, normal macrophages, and endothelial cells of the small vessels. 
MMP-9 immunoreactive protein was detectable and scored as 0 to 3 in 28%, 45%, 21%, 
and 7% of the samples, respectively. In accordance with the MMP-2 staining, the 
positivity was localized in the malignant cells, normal macrophages, and endothelial cells 
of the small vessels. 

TIMP-1 staining was most pronounced in stromal cells and endothelial cells, and the 
staining pattern in malignant cells was diffuse, covering large areas of the sample. Such 
staining was detectable and scored as 0, 1, 2, and 3 in 47%, 35%, 15%, and 3% of the 
patients, respectively. This is in accordance with the data showing an extracellular 
location of TIMP-1 (Fassina et al. 2000). Positive staining localized in solitary malignant 
cells was here detected in 45% of the cases. This staining was mainly of score 1 intensity 
(28%), but there were also a few cases with score 2 (15%) or score 3 (2%) intensity. 

5.2  Correlations of gelatinase expression with clinical disease 
presentation. 

5.2.1  AML (I) 

The results of MMP-2 and MMP-9 staining of bone marrow aspirate samples of patients 
with AML did not associate with the cell surface antibody expression profile tested with 
flow cytometry. This series included no cases with extramedullary presentation, and the 
possible linkage between gelatinase expression and extramedullary spread could not be 
analyzed. 
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5.2.2  ALL (II) 

MMP-2 positivity associated with extramedullary and invasive disease presentation 
among adult ALL patients. All but one of the 6 patients with MMP-2-negative ALL blast 
cells showed only bone marrow and blood involvement but no signs of nodal or 
extranodal involvement. In contrast, of the 13 patients with MMP-2 positive blasts, only 
three had a purely leukemic pattern of spread. Four patients presenting with MMP-2-
positive blasts had hepatosplenomegaly, while two had splenomegaly, four nodal disease, 
one hilar dominance, one diffuse pulmonary infiltrates with blast cells in bronchoalveolar 
lavage fluid, and one patient had testicular involvement and a lytic lesion in the femur. 
Two MMP-2-positive patients developed central nervous system involvement at relapse. 
The linkage between an extramedullary disease pattern and MMP-2 expression was 
statistically significant (p= 0.027). 

In the pediatric ALL patient group, no association could be found between gelatinase 
expression and invasive clinical disease presentation. One patient had central nervous 
system infiltration at presentation and one at relapse. One patient also presented with a 
testicular relapse. None of these patients, however, showed any gelatinase expression in 
their blast cells. Moreover, none of the 7 patients with either MMP-2 or MMP-9 
expression had any extramedullary disease spread or signs of CNS involvement. Six of 
these patients were regarded as having a high-risk disease and one as having a low-risk 
disease. In the whole population, 48% of the patients presented with a high-risk disease, 
26% had intermediate risk, and 26% had a low-risk disease. Four of the MMP-positive 
cases were classified as ALL, FAB L2, two were classified as ALL, FAB L1/2, and one as 
ALL, FAB L1. In contrast, 22% of the MMP-negative cases had a FAB L2 disease, 47% 
a L1/2 disease, and 31% a L1 disease. The difference in the overrepresentation of FAB 
L2 disease among the MMP-2 positive cases was statistically highly significant 
(p=0.000). According to immunophenotyping, the MMP-positive cases included two T-
cell ALLs, two hybrid acute hybrid leukemias, one pre-B-cell disease and one common 
ALL. Among the seven MMP-positive patients, two with a high-risk disease had a 
relapse. Five patients are alive and free from disease after follow-up ranging from 56 
months to 108 months.  

5.2.3  Hodgkin´s lymphoma (III) 

Neither MMP-2 nor MMP-9 expression in Reed-Sternberg cells or reactive lymphocytes 
were associated with the disease stage, the occurrence of bulky disease, or extranodal 
disease manifestations (table 8). MMP-9 expression in reactive lymphocytes was linked, 
however, with the occurrence of B symptoms. Among the patients with B symptoms, 18 
out of 31 (58.0%) had strong staining compared to 10 of the 36 (27.8%) patients without 
B symptoms. (p=0.016) No such association could be seen between MMP-2 and the 
occurrence of B symptoms. 

MMP-9 expression did not associate with histology, but MMP-2 expression in reactive 
lymphocytes was most pronounced in the histologic subtype of nodular sclerosis. 
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Eighteen of the 31 cases (58.0%) representing nodular sclerosis Hodgkin´s lymphoma 
showed strong ( grade 2-3) expression for MMP-2, while the other subtypes included 10 
cases out of 36 (27.8%) with strong expression. This difference was statistically 
significant (p= 0.007 ).  

Neovascularization had an inverse correlation with the expression of MMP-9 in 
reactive lymphocytes but not with the expression of MMP-9 in malignant cells. The mean 
values for new vessels in the different groups of patients with various grades (0,1,2,3) of 
MMP-9 staining in reactive lymphocytes were 41.3, 33.7, 34.6, and 20.6/high power 
field, respectively (p=0.003). Neovascularization did no correlate with histology, tumor 
stage, occurrence of B symptoms, bulky tumor, or extranodal disease, or positivity for 
MMP-2 antibody. 

Table 8. Correlation coefficients of gelatinase expression and various clinical disease 
characteristics in Hodgkin’s lymphoma. 

 Stage Bulky tumor Extranodal infiltrates 

MMP-2 in malignant cells 0,336 
p=0,700 

0,015 
p=0,909 

0,142 
p=0,273 

MMP-2 in reactive lymphocytes 0,127 
p=0,311 

-0,45 
p=0,719 

0,045 
p=0,722 

MMP-9 in malignant cells -0,72 
p=0,566 

0,122 
p=0,333 

0,068 
p=0,614 

MMP-9 in reactive lymphocytes 0,075 
p=0,549 

0,050 
p=0,690 

0,015 
p=0,904 

5.2.4  Non-Hodgkin´s lymphoma (IV) 

TIMP-1 expression was associated with MMP-2 and MMP-9 expression. None of these 
markers associated with the disease stage, the occurrence of extranodal infiltrates, the IPI 
score, or the presence of a bulky tumor (table 9). Lymphoma subclass was not linked with 
MMP-2 and MMP-9 positivity. 

Positive MMP-9 staining was associated with an increased prevalence of B symptoms 
in the cases with non-Hodgkin´s lymphoma, but this finding remained as a tendency and 
did not reach statistical significance (p= 0.950). 20 % of the patients with negative 
staining for MMP-9 presented with B symptoms, compared to 38 %, 33 %, and 75 % of 
the patients with score 1 to 3 stainings, respectively.  



 

 

53

Positive (score 1 to 3) TIMP-1 staining in malignant cells assoicated with the 
anaplastic or immunoblastic subtype of non-Hodgkin´s lymphoma (p=0.019). All samples 
representing these subtypes showed positive staining for TIMP-1 in malignant cells. Of 
the immunoblastic lymphomas, one of two were of score 1 one of score 2, while one of 
three cases of the anaplastic lymphomas were of score 1 and 2 of score 2. The proportions 
of positive cases varied within 25% to 33% in the other subtypes. 

Table 9. Correlation coefficients of gelatinase expression and various clinical disease 
characteristics in non-Hodgkin’s lymphoma. 

 Stage Bulky tumor Extranodal infiltrates 

MMP-2  -0,105 
p=0,432 

-0,13 
p=0,920 

-0,31 
p=0,814 

MMP-9 -0,021 
p=0,877 

0,256 
p=0,052 

0,068 
p=0,614 

5.3  Effect of MMP-2 or MMP-9 immunoreactive protein on survival 
in patients with leukemias and lymphomas 

5.3.1  AML (I) 

It was possible to calculate the 3-year event-free survival of the AML patients treated 
with intensive chemotherapy with or without allogeneic stem cell transplantation. In 
Kaplan-Meier analysis, 82% of the 13 patients with MMP-2-positive AML treated 
intensively without allogeneic stem cell transplantation survived for over 3 years, while 
all the MMP-2-negative patients (4 cases) relapsed within 13.5 months from the 
diagnosis and died soon thereafter (I Figure.2A). The difference was statistically 
significant in the log rank analysis (p=0.002). When event-free survival in the MMP-2-
positive cases was classified according to treatment modality, no significant difference 
between the patients treated with allogeneic stem cell transplantation (5 cases) or with 
chemotherapy ( 13 cases) only emerged, the survival percentages at 3 years being 100% 
and 82%, respectively (I Figure 2B). On the other hand, in the MMP-2-negative group (5 
cases) , treatment with transplantation was superior to chemotherapy alone, the 3-year 
event-free survival being 80% (p=0.028) (I Figure 2C).  

Due to the limited sample size, we classified our AML material only with regard to 
whether or not all blast cells were negative for MMP-2. In the patient group treated with 
chemotherapy without ABMT, longer survival was seen in the cases where blast cells 
expressed MMP-2 compared to those without MMP-2 expression (p=0.002). It seems that 
there could be a linear correlation between the number of MMP-2-positive blasts and 
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prognosis. For instance, if 5% positivity instead of 1% positivity were considered the 
lower limit for a positive reaction, the difference in survival would still be significant in 
favor of the MMP-2-positive cases in the intensive chemotherapy group. 

5.3.2  ALL (II) 

There was a statistically non-significant trend toward poorer survival in adult ALL cases 
with MMP-9-positive blast cells. 80% of the patients with MMP-9-positive blast cells 
died due to their leukemia compared to 51 % of the patients with MMP-9-negative blast 
cells. MMP-2 positivity had no impact on survival in ALL. No such a tred could be 
detected among pediatric patients. 

5.3.3  Hodgkin´s lymphoma (III) 

Strong (score 2-3) MMP-2 staining in either reactive lymphocytes or malignant cells had 
a statistically significant correlation with a favorable prognosis. The 36-month survival 
was 96% and 77% among the MMP-2-positive and -negative cases, respectively 
(p=0.017) (III Figure 3A).  

On the contrary, among the MMP-9-positive cases, there was a trend, though not 
statistically significant, toward unfavorable survival in Kaplan-Meier analyses. The 
percentages for 36-month survival ranged from 82% to 94% among the patients 
exhibiting strong and weak MMP-9 positivity, respectively (p=0.112) (III Figure 3B). 
This difference was more pronounced and statistically of marginal significance (p=0.060) 
among the patients with stage III and IV disease. There were no lymphoma deaths among 
the patients with weak staining for MMP-9, while only 21.9% of the patients with strong 
staining survived for 100 months. 

When the results of both MMP stainings were combined, their prognostic value 
seemed to be enhanced. The prognosis was most favorable among the 16 patients with 
weak MMP-9 and strong MMP-2 expression in either malignant cells or reactive 
lymphocytes, as all of these patients survived. Patients expressing strongly both MMP-2 
and MMP-9 and those with weak expression in both stainings had an intermediate 
prognosis (n=33), as 89%-93% of them survived for 36 months and 85%-89% for 100 
months. The 17 patients with strong MMP-9 and weak MMP-2 had the worst prognosis. 
70% of these patients survived for 36 months, but none survived for 100 months. These 
differences were statistically significant (p=0.025). (III Figure 3D) 
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5.3.4  Non-Hodgkin´s lymphoma (IV) 

There were statistically significant differences in the disease-free survival of the patients 
with B-cell lymphomas in line with the intensity of MMP-9 staining. The 5-year disease-
free survival rates ranged from 73%, 63%, and 50% to 0% among the patients with score 
0-3 stainings, respectively (p=0.022) (IV Figure 2B). A similar trend could also be seen 
among the patients with T-cell lymphomas, which, however, did not reach statistical 
significance.  

In univariate analyses, neither MMP-2 positivity in malignant cells nor TIMP-1 
positivity in either tumor stroma or malignant cells correlated with survival, when 
analyzed in the whole series of patients or in the B-cell or T-cell subsets. 

To further analyze the role of TIMP-1 in non-Hodgkin´s lymphomas, the prognostic 
value of TIMP-1 was calculated among the patients with strong MMP-9 (score 2 or 3) 
staining. This analysis showed that 57.1 % of the patients with strong positivity in both 
TIMP-1 and MMP-9 staining survived for five years compared to 25 % of the patients 
with strong MMP-9 and weak TIMP-1 staining. Although distinct in Kaplan-Meier 
analysis, this difference was not statistically significant (p=0.272) in the log rank analysis 
(IV Figure 2C). 

In line with the current knowledge of the clinical results of lymphoma treatment, 
histology was again a powerful prognostic indicator. The patients with diffuse large-cell 
lymphoma had a favorable (69%) five-year disease-free survival, as did also the patients 
with follicular lymphoma (71%) or anaplastic large-cell lymphoma (67%). Contrary to 
this, none of the patients with peripheral T-cell lymphoma or immunoblastic lymphoma 
survived for 5 years.  

5.4  Extent of neovascularization and its correlation with the 
expression of gelatinases in lymphomas (III and IV) 

Factor VIII antibody stained the endothelial cells of the small blood vessels infiltrating 
the tumor. Blood vessel density varied from 9.8/hpf to 77.3/hpf, mean19.0/hpf, in non-
Hodgkin´s lymphomas and within 9.8-84.9/hpf, mean 21.29/hpf, in Hodgkin´s 
lymphoma. 

In Hodgkin´s lymphoma, but not in non-Hodgkin´s lymphoma, factor VIII staining 
had an inverse correlation with the expression of MMP-9 in reactive lymphocytes but not 
with the expression of MMP-9 in malignant cells. The mean values for new vessels in the 
different groups of patients with various scores (0-3) of MMP-9 staining in reactive 
lymphocytes were 41.3, 33.7, 34.6, and 20.6/hpf, respectively (P=0.003) (III Figure 2). 
Neovascularization did not correlate with histology, tumor stage, occurrence of B 
symptoms, bulky tumor, or extranodal disease in any of the lymphoma subsets. 



6 Discussion 

6.1  Gelatinases in myeloid leukemia 

There has been an intense search for good prognostic and predictive factors for AML, to 
select patients for primary allogeneic stem cell transplantation. So far, certain 
chromosomal abnormalities have been shown to have the best prognostic value. 
However, these are not detected in all of the patients (Yunis et al. 1984, Grimwade et al. 
1998, Lowenberg et al. 1998). 

MMP-2 immunocytochemical staining is a simple diagnostic method easily adaptable 
to clinical use. In this study, MMP-2 seemed to have strong prognostic power. In contrast 
to cytogenetics, MMP-2 expression can be studied from smears of large populations of 
patients suffering from AML. MMP-2 immunostaining also seemed to have predictive 
power because the negative impact of MMP-2 negativity on survival disappeared after 
stem cell transplantation. 

The limited number of AML patients treated with intensive AML 86 and AML 92 
protocols is a disadvantage of this study. MMP-2 and MMP-9 can be detected from bone 
marrow aspirate specimens stored for only about ten years. For this reason, patients 
treated more than ten years before the present study could not be included. As there were 
also many patients from whom no unstained smears were available, it was impossible to 
collect a larger retrospective material. The finding suggestive of a prognostic and 
predictive value of the MMP-2 immunoreactive protein in AML reported in this pilot 
study is the first so far published and needs to be verified in larger prospective series.  

The finding that MMP-2 staining seems to imply a better prognosis in AML is 
somewhat surprising if we only compare it to the results obtained on solid tumors, which 
show MMP-2 positivity to be associated with an adverse outcome. (Talvensaari-Mattila et 
al. 1998, Väisänen et al. 1996, 1998) However, hematological malignancies differ 
notably from solid tumors in their basic biological features. Due to their primary 
existence in lymph nodes and blood, several of them tend to be disseminated. For solid 
tumors, surgery is usually the treatment of choice. For this reason, the tumor´s capability 
to disseminate and metastasize outside the target region of the primary treatment 
inevitably leads to relapse. Moreover, most hematological malignancies are primarily 
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sensitive to chemotherapeutics, which may also cure the disseminated disease. This 
diminishes the adverse significance of potential invasiveness as a prognostic factor. Also, 
hematological malignancies arise from normally invasive and gelatinase-secreting cells.  

It is hard to imagine that MMP-2 expression could, in any way, cause direct survival 
advantage in patients with leukemias. It is more probable that MMP-2 expression is a 
marker of some other blast cell characteristics that cause the therapeutic advantage. In 
this study, immunocytochemistry was used to verify the existence of MMP-2 protein in 
malignant cells. This does not necessarily imply that the same differences would relate to 
the synthesis of MMP-2. In fact, in the study of Janowska-Wieczorek et al., all AML 
samples and AML cell lines expressed MMP-2 and/or MMP-9 mRNA and secreted MMP 
protein into the cell culture medium (Janowska –Wieczorek et al. 1999). Because MMP 
protein was detected in 71% of the cases in this study, it may be that the remaining 29% 
could synthesize MMP without being able to store the protein in the cytoplasm. The 
critical aspect of a favorable prognosis in AML might actually be the cell’s capability to 
store MMPs. Undifferentiated hematopoietic cells are able to express MMPs after 
stimulation with various cytokines (Janowska–Wieczorek et al. 1999), but there are no 
studies showing MMP storage in these cells. In the present study, normal bone marrow 
aspirate specimens were also stained, showing no MMP protein staining in normal 
hematopoietic precursors.  

Taken together, these findings could suggest that the capability to store MMPs may be 
linked to maturation of normal myelocytic cells. It is also known that normal 
hematopoietic stem cells are protected against exogenous toxic effects by, for example, 
an active multidrug-resistant gene (Licht et al. 1994). One possible explanation for the 
present findings might be that the positive staining is an indicator of the capability of 
cells to store MMPs. This could indicate a more mature cell type, which would also be 
more sensitive to the chemotherapeutics used in AML treatments. However this is only a 
hypothesis calling for further studies. 
CML is a myeloid disease which, after a variable length of time, inevitably progresses to 
a blast crisis with a poor prognosis, leading to death in less than 6 months. All the 3 cases 
representing a myeloid blast crisis in this study were negative for MMP-2 and MMP-9. 
This preliminary finding suggests that MMP-2 expression might have an impact on the 
progression of CML and should also be studied in different phases of CML. 

6.2  Lymphoid malignancies in adult patients 

6.2.1  Gelatinase expression in lymphoid malignancies 

In the present study, the expression of gelatinases in clinical specimens of 151 adult 
patients with different lymphoid malignancies were analyzed. No gelatinase expression 
was seen in CLL, while weak expression with specific clinical implications was seen in 
ALL, and variable but mostly strong expression was detected in aggressive non-
Hodgkin´s lymphomas and Hodgkin´s lymphoma. This is the first study to describe 
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gelatinase expression in clinical ALL samples. The expression of gelatinases in 
Hodgkin´s lymphoma has been previously reported in only two publications. Flavell et al 
studied the expression of MMP-9 and its correlation with EBV status and the survival of 
patients with Hodgkin´s lymphoma. (Flavell et al. 2000) The authors found all the 
samples to be positive for MMP-9 staining, but the intensity of the staining varied. The 
present study also included patients with negative MMP-9 staining, probably due to some 
differences in the staining process. Oelman et al published data concerning MMP-2, 
TIMP-1, and TIMP-2 expression in Hodgkin´s lymphoma (Oelman et al. 2002). They 
found mRNA for MMP-2 to be expressed in reactive lymphocytes, but not in malignant 
Reed-Sternberg cells, which contrasts with our results showing MMP-2 even in 
malignant cells. Gelatinase expression in non-Hodgkin´s lymphomas was studied by 
Kossakowska et al. They reported, using the northern blotting and in situ hybridization 
techniques, MMP-2 expression to be common in low-grade lymphomas but rare in high-
grade tumors (Kossakowska et al. 1993). In contrast to their findings, some degree of 
MMP-2 positivity was found in 90% of all the samples, but the level of positivity varied. 

Gelatinase expression of normal B-cells is purely known, but it seems that at resting 
stage these do not express either of the gelatinase protein. However lymphocytic stem 
cells and T-lymphocytes are known to be easily induced to stage of strong MMP-9 
expression. (Johnatty et al 199, Stetler-Stevenson et al. 1997, Hausenberg et al.1999) 

6.2.2  Impact of gelatinase expression on the invasion of malignant 
lymphoid tumors 

A strong correlation was found between gelatinase expression and invasiveness and an 
extranodal pattern of disease spread in ALL, but not in peripheral lymphomas. In ALL, 
invasive disease presented as liver and/or spleen involvement in six patients, as diffuse 
pulmonary infiltration in one patient, and as testicular and bone involvement in one 
patient. Moreover, two of these patients developed CNS disease at relapse. Patients with 
MMP-2-negative blast cells presented with a medullary pattern of spread. These results 
are in line with the in vitro studies by Hendrix et al., but contrast with the results of 
Ivanoff et al., who found MMP-9 to be more important for lymphoblastic lymphoma cell 
invasion (Hendrix et al. 1992, Ivanoff et al. 1999). In lymphoblastoid cell lines, MMP-2 
expression has been shown to correlate with the ability to invade through matrigel and to 
disseminate and invade in a SCID mouse model (Janowska-Wieczorek et al. 1999). 
Along with the invasive disease, MMP expression also correlated with the existence of 
enlarged lymph nodes.  

In non-Hodgkin´s and Hodgkin´s lymphomas, there were no correlations between 
either MMP-2 or MMP-9 expression and the disease stage, the occurrence of extranodal 
infiltrates or the presence of a bulky tumor, which seems to disprove the hypothesis of a 
relation between gelatinase expression and invasiveness. It is possible that this difference 
is explained by the basic biological differences between the stem cells of peripheral and 
precursor cell malignancies. ALL arises from precursor lymphoblastoid cells, which, in a 
resting state, do not express gelatinases and show only a very low rate of basement 
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membrane transmigration (Janowska-Wieczorec et al. 1999). While transforming into a 
malignancy, they must become capable of protease expression before they can invade 
outside the hematopoietic system and form lymphoid or extranodal tumors. In contrast, 
the other studied lymphoid malignancies arise from more mature peripheral lymphoid 
cells, which also physiologically express MMP-9 after contact with extracellular matrix 
components and carry along them a capability for invasion (Hauzenberg et al. 1999, 
Vaday et al. 2001). Actually, during the preparatory experiments for optimal antibody 
dilution, it turned out that all the lymphomas stained positively when sufficiently high 
antibody concentrations were used. According to Flavell et al. all, too, Hodgkin´s 
lymphoma samples express MMP-9 (Flavell et al. 2000).  

Taken together, these facts indicate that all peripheral non-Hodgkin´s lymphomas have 
a physiological capacity for gelatinase expression, the intensity of which does not seem to 
be rate-limiting for the invasion process, and some other tumor characteristics probably 
determine the rate of invasion and tumor formation. 

6.2.3  Other clinicopathological correlations 

All advanced lymphomas cause the patients general inflammatory symptoms, fever, 
weight loss, and night sweats, which are called B symptoms. They are thought to be 
related to cytokine production by the tumor, but the exact mechanism is not known. In 
Hodgkin´s lymphoma, MMP-9 expression in reactive lymphocytes correlated with B 
symptoms. The same tendency could also be detected in non-Hodgkin´s lymphomas, but 
it did not reach statistical significance. Indeed, it seems that gelatinases have a complex 
role in the regulation of inflammatory and immunological processes. Their expression is 
regulated by many of the cytokines and inflammatory mediators. On the other hand, 
leukocyte gelatinases facilitate the secretion of TNF-α and release stored growth factors 
from the matrix, and MMP-9 participates in cancer-related immunosuppression by 
cleaving the IL-2R alpha receptor from the tumor-infiltrating T-cells (Goetzl et al. 1996, 
Sheu et al. 2001). The results of McQuibban et al. strongly suggest that MMP-9 
participates in the arousal of the inflammatory response, while MMP-2 plays a role in the 
cessation of the same response by processing monocyte chemoattractant proteins into a 
metabolite functioning as an antagonist to leukocyte chemoattraction (McQuibban et al. 
2002). 

MMP-9 expression was detectable equally in all of the lymphoma subtypes studied. 
This probably reflects its basic biological importance in the progression of all 
lymphomas. 
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6.2.4  Effects of the staining intensity of the MMP-9 immunoreactive 
protein on the survival of patients 

There was a trend toward an unfavorable prognosis in with the presence of strong MMP-
9 expression in all of the lymphoid malignancies studied, although this trend only reached 
statistical significance in non-Hodgkin´s lymphomas. Of the adult ALL patients, 49% of 
those with MMP-9-negative blast cells entered long-lasting remission compared to 20% 
of the patients with MMP-9-positive blast cells. The Hodgkin´s lymphoma cases with 
strong positivity for MMP-9 showed a trend toward decreased survival, especially the 
patients with advanced stage disease. Of the patients with advanced stage and strong 
expression of MMP-9, only 58.3% survived for five years and 21.9% for ten years. 
Meanwhile, only one patient with minimal MMP-9 staining relapsed, while the other 
patients, even if they had advanced stage disease at presentation, survived. In line with 
our findings, Flavell et al. reported a statistically non-significant trend toward a worse 
prognosis among Hodgkin´s lymphoma patients with strong MMP-9 expression (Flavell 
et al. 2000). In non-Hodgkin´s lymphoma, the intensity of MMP-9 staining in this study 
had a statistically significant correlation with disease-free survival. Moreover, in both 
Hodgkin´s and non-Hodgkin´s lymphomas, MMP-9 expression was also independent of 
the other known prognostic factors except B-symptoms, such as IPI scores, Ann Arbor 
stage, lymphoma subtype and the occurrence of extranodal infiltrates.  

This is the first study to report a relationship between the immunoreactive protein of 
MMP-9 and prognosis in non-Hodgkin´s lymphomas. It is notable that the 
immunohistochemical staining method used here to detect enzyme expression is more 
easily acceptable into clinical practice than in situ hybridization or northern blot analysis, 
which have been used in previous studies. This further implies that if these findings could 
be confirmed in larger patient populations, they could also have value in clinical 
decision-making. Kossakowska et al. used northern blot analysis to study samples from 
18 patients with high-grade immunoblastic lymphoma. They found tumor stage and the 
patient’s age to be the most important prognostic factors, but after controlling for age, 
MMP-9 expression also seemed to be of prognostic value, though their material was too 
small for Kaplan-Meier analysis (Kossakowska et al. 1992). Lately, Vacca et al. have also 
shown, in multiple myeloma and mycosis fungoides, using in situ hybridization and 
zymography techniques, that enhancement of both MMP-2 and MMP-9 expression is 
linked to more aggressive and advanced disease and more extensive neovascularization 
(Vacca et al. 1997, 1999, 2000). The findings of Lalancette et al. also support the idea 
that MMP-9 could have a role in the aggressive clinical behavior of lymphomas 
(Lalancette et al. 2000). These results together with our data indicate that MMP-9 
expression plays a crucial role in the progression of lymphomas. However, the 
mechanism of this association is unclear. Regarding the primarily disseminated nature of 
lymphoid malignancies and their sensitivity to chemotherapeutics, it seems evident that 
the capacity for invasion and dissemination is not so essential for the adverse effects of 
gelatinases as it is in solid malignancies. This is further supported by our results, as we 
failed to find any correlation between the clinical parameters reflecting invasion and 
dissemination and gelatinase expression. Together, these facts indicate that MMP-9 must 
have some other, as yet poorly discovered, characteristics linking its expression to 
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adverse prognosis. Kossakowska et al. suggested this linkage to be IL-6 expression, 
which further correlates with TIMP-1 expression, apoptosis inhibition and adverse 
prognosis (Kossakowska et al. 2000). It may also be associated with the role of MMP-9 
in the regulation of inflammatory responses. In our material all the patients were treated 
with chemotherapy, MMP-9 expression was strongly linked to treatment outcome 
indicating that MMP-9 expression could be related to the sensitivity of the tumor to 
chemotherapeutic agents. Also deClerk has introduced this same hypothesis (DeClerk 
2000).  

6.2.5  Effects of the staining intensity of the MMP-2 immunoreactive 
protein on the survival of patients 

MMP-2 positivity had a statistically significant favorable impact on survival in 
Hodgkin´s lymphoma, but no impact on the outcome of treatment in the other 
malignancies studied. Moreover, in Hodgkin´s lymphoma, when the results of staining 
for both gelatinases were combined, their prognostic value seemed to be enhanced. All 
the patients with strong MMP-2 and weak MMP-9 staining survived, while all the 
patients with weak MMP-2 and strong MMP-9 staining succumbed to their disease. In 
this study, the divergent biological roles of the gelatinases A and B in Hodgkin´s 
lymphoma were discovered. These two gelatinases share many properties and substrates 
but there are also differences between them, involving substrate specificity especially 
among the substrates classified as cytokines and their receptors (Nguyen et al. 1993, 
Chandler et al. 1995, Imai et al. 1997, Patterson et al. 1997). The activities of the two 
gelatinases are also differently regulated. While the activity of MMP-2 is mainly 
regulated by the post-transcriptional level, the activity of MMP-9 shows a wide range of 
regulation at the transcriptional level. The activation of MMP-2 is membrane-bound, 
which restricts the activity of the enzyme to the immediate vicinity of the invading cell, 
while the activation of MMP-9 is independent of cell membranes and the enzyme can 
even be stored in an active form, which allows a rapid release of large amounts of active 
enzyme. There are also qualitative differences in the regulation. For example, TGF-beta 1 
upregulates MMP-9 expression in equine chondrocytes while simultaneously 
downregulating MMP-2 expression (Thompson et al. 2001). Moreover, many cell types 
express constant low amounts of MMP-2, while the expression of MMP-9 is only 
detectable in connection with restricted biological functions, such as leukocyte and 
blastocyst invasion. These differences suggest MMP-2 to be more an enzyme involved in 
gradual and controlled tissue remodeling, while MMP-9 is involved in emergency 
situations, including immune responses to bacterial infections. Actually, plasma MMP-9 
levels have been shown to react like an acute phase protein and to be elevated in patients 
with critical medical conditions (Yassen et al. 2001). The divergent roles of MMP-2 and 
MMP-9 were also shown in a mouse skin carcinogenesis model, where MMP-9 
expression increased simultaneously with the progress of transformation, while no 
changes could be detected in MMP-2 expression (Papanthoma et al. 2001). 
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In Hodgkin´s lymphoma, there were also other features suggesting the benign nature 
of MMP-2 expression. It was found here that MMP-2 expression was more pronounced 
in the tumor area with marked sclerosis, suggesting MMP-2 to be associated with the 
contact of reactive lymphocytes with normal matrix components. The same phenomen 
was also reflected by MMP-2 expressions association to nodular sclerosis subtype. These 
findings may reflect the fact that MMP-2 participates in tissue remodeling and its 
secretion is stimulated by contact with the matrix protein components in the same way as 
in the case of benign lymphocytes (Birkedal-Hansen 1995, Martin 2001).  

The favorable prognostic value of MMP-2 in Hodgkin´s lymphoma may have linkage 
to the capacity of MMP-2 to downregulate macrophage-induced B-cell migration 
(McQuibban et al. 2002). 

Taken together from the above mentioned facts we suppose that MMP-2s linkage to 
favorable prognosis is an indication of MMP-2s normal regulation and expression and 
hence a marker of more diffrentiated and benign tumor. 

6.2.6  Expression of TIMP-1 immunoreactive protein in non-Hodgkin´s 
lymphomas and its clinicopathological correlations 

TIMP-1 expression was found to be strongly linked to gelatinase expression in non-
Hodgkin´s lymphomas. This is in line with the report of Kossakowska et al., who found 
mRNA for MMP-9 and TIMP-1 to correlate with each other (Kossakowska et al. 1993). 
In these experiments performed with the in situ hybridization technique, TIMP-1 
expression was localized to stromal cells. The TIMP-1 protein was, however, found to be 
present in endothelial, stromal, and tumor cells. It is possible that tumor cells capture 
proteins synthesized in stromal cells, and the difference could thus be solely due to the 
differences in the methodology used. The capability of the malignant cells to use enzyme 
synthetized by stromal cells has been also previously shown (Westerlund et al. 1997, 
Kossakowska et al. 1999). 

Several investigators have found elevated plasma TIMP-1 levels to be linked to an 
adverse prognosis in various tumor models (Ylisirniö et al. 1999, 2001, Stevenson & 
Brunner 2000, Yoshokawa et al. 2001). On the other hand, in animal models, where the 
host’s TIMP expression has been modulated with gene transfer techniques, increased 
TIMP-1 expression has limited tumor progression (Kruger et al. 1997, Brand et al. 2000). 
TIMP-1 and MMP-9 also share many regulators of their expression, which further 
complicates the analysis of their individual effects (Kossakowska et al. 2000). TIMP-1 
clearly has a dual role in tumor progression. Apart from its role in the modulation of 
MMP activity, it also has growth-promoting, antiapoptotic, and antiangiogenic activities 
(Guedez et al. 1998, 2001). The net effect of TIMP-1 on tumor progression warrants 
further evaluation. It may be that measurement of the host’s TIMP-1 production shows 
the host’s reaction to a more aggressive tumor and has a different biological function 
compared to the evaluation of TIMP-1 expression in tumor cells. It may also be that its 
roles in the progression of the disease and in the response to the treatment differ from 
each other. However, the results of Aoudjit et al. suggest that TIMP-1 production by 
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tumor cells does not play an independent adverse role in the progression of non-
Hodgkin´s lymphomas (Aoudjit et al 1999). Based on our findings, TIMP-1 did not have 
any independent prognostic value. Among the patients whose tumor cells showed strong 
MMP-9 expression, however, a trend toward a better prognosis among those with TIMP-
1-positive tumor cells appeared, but this difference did not reach statistical significance. 
If this could be verified in a larger population, TIMP-1 could be said to have a protective 
role against the progression of aggressive non-Hodgkin´s lymphomas. 

In this limited series, there seemed to be overexpression of TIMP-1 protein in the 
immunoblastic and anaplastic lymphoma subtypes. However, this requires verification in 
a larger series. 

Table 10.  Major new findings presented in the current study that adds to the data 
existing so far from the role of gelatinases in hematological malignancies 

Malignancy Presence of MMP-
2 or MMP-9 in 
malignant cells 

Role in invasion Other clinicopathological 
correlation 

Prognostic value 

CLL MMP-2- 
MMP-9- 

   

CML MMP-2 +++ 
MMP-9 +++ 

 In blast transformation blast 
cells lose gelatinase expression

 

AML MMP-2 67%+ 
MMP-9 rare 

  MMP-2 a strong 
favorable 
prognostic sign 

ALL In 65% weak MMP-2 
expression, in 25% 
weak MMP-9 
expression 

MMP-2 correlates 
strongly with 
invasion 

Correlation to FAB L2 
phenotype 

A trend toward 
worse survival in 
MMP-9 positive 
cases 

Hodgkin´s 
lymphoma 

Strong and variable 
expression with both 
MMP-2 and MMP-9 

No correlation 
with invasion 

B-symptoms correlate with 
MMP-9. MMP-9 correlates 
with decreased 
neovascularisation 

MMP-2 linked to 
favorable 
prognosis, MMP-9 
had a trend toward 
adverse prognosis 

Non-Hodgkin´s 
lymphoma 

Strong and variable 
expression with both 
MMP-2 and MMP-9 

No correlation 
with invasion 

A trend toward correlation of 
MMP-9 and B-symptoms 

MMP-9 linked tp 
worse disease free 
survival 
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6.3  Gelatinases in a pediatric ALL 

In pediatric cases, both MMP-2 and MMP-9 were expressed rarely, as only 12.7% of the 
cases showed MMP-2 or MMP-9 expression in their blast cells. None of the few patients 
with CNS or testicular involvement showed positive staining with antibodies for these 
MMPs. The intensity of pediatric ALL treatment as well as the administration of 
prophylactic CNS treatment is risk-adapted. It is possible that the more intensive 
treatments of the high-risk MMP-positive ALL patients obscured the risk of invasive 
recurrence in these patients. There were more FAB L2 diseases among the MMP-positive 
cases, which difference was statistically highly significant. This is in accordance with the 
finding that MMP expression is more common in the adult population, just as FAB class 
2 disease is more common in adult than pediatric patients. These findings support the 
hypothesis that adult and pediatric ALLs are biologically distinct diseases.  

This series included three pediatric patients with an invasive pattern of spread, who 
had negative MMP stainings in their blast cells. This may be explained by the theories of 
complex interactions between tumor cells and the surrounding matrix during the invasion 
processes. For example, an animal model of human lymphoma implanted in SCID mouse 
lymphoma cells used the MMP synthesized by mouse endothelial cells during the 
invasion into the CNS (Kossakowska et al. 1999). Another possible explanation for the 
rare occurrence and lack of predictive power of MMP expression might be age. MMP-2 
is known to be involved in numerous processes of extracellular matrix remodeling and 
growth. As there is continuous growth and remodeling during childhood, it could be that 
MMP expression is under stricter control during the years of growth, and this control 
could also affect the malignant cells and downregulate their MMP expression in 
situations other than invasion. However, there are no data in the literature dealing with 
this issue. 

In childhood ALL, the expression of gelatinases is rare and it seems that their 
immunocytochemical detection provides no information in addition to that obtained by 
routine modern diagnostic work-up that could be used in the choice of treatment. 

6.4  Angiogenesis and the expression of gelatinases in lymphoid 
tumors 

Metalloproteinases have an integral role in tumor neovascularization. Itoh et al. 
implanted melanoma and Lewis lung carcinoma cells in MMP-2 knockout mice and 
found a decrease in tumor volume and vascularization compared to wild-type animals. 
They concluded that MMP-2 from the host’s endothelial cells is critical in tumor 
neovascularization. (Itoh et al. 1998). In the present study, positive MMP-2 staining was 
common in endothelial cells of microvessels, but no correlation between the extent of 
neovascularization and the level of MMP-2 expression in malignant cells or reactive 
lymphocytes could be found. This might implicate that, at least in lymphomas, the MMP-
2 secretion of tumors is not rate-limiting for the process of new vessel formation. 
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Moreover, strong MMP-9 staining in the reactive lymphocytes of Hodgkin´s lymphoma 
had an inverse correlation with the extent of tumor vascularization. This may be mediated 
by the propensity of MMP-9 to convert plasminogen to angiostatin, which is a potent 
inhibitor of angiogenesis (Sang 1998). 

In this study, the role of neovascularization in the clinical behavior of Hodgkin´s and 
aggressive non-Hodgkin´s lymphomas was studied for the first time. Increased intensity 
of neovascularization has been suggested to have an integral role in the progression and 
prognosis of multiple myeloma and skin T-cell lymphomas (Vacca et al. 1997, 1999). In 
contrast to the findings of Vacca et al., the extent of the new vessel network in the present 
work had no correlation with the clinical disease characteristics studied, suggesting that, 
in Hodgkin´s and aggressive nodal non-Hodgkin´s lymphomas, the capability to induce 
new vessel formation is not rate-limiting for tumor progression. However, these findings 
do not exclude the possibility of these correlations in some limited phase of tumor 
progression. 



7 Conclusions 

In the present retrospective study, variable expression patterns were found for gelatinases 
in different hematological malignancies. Specific clinicopathological correlations were 
also found between the expression of gelatinases and the clinical disease presentation. 
MMP-2 positivity correlated strongly with an extramedullary pattern and invasive disease 
in ALL, but not in peripheral lymphomas. In peripheral lymphomas, strong MMP-9 
positivity was related to B symptoms. Gelatinases also seemed to have clear prognostic 
value in certain hematological malignancies, which, if confirmed in larger prospective 
studies, could be utilized in clinical decision-making. 

The specific conclusions of this study are: 

I There was no gelatinase expression in CLL, strong expression for both of these 
enzymes in CML, faint expression in ALL, variable expression of MMP-2 in AML, 
and strong and variable expression in lymphomas. 

II In adult ALL patients, MMP-2 correlated with an extramedullary pattern of disease 
spread. In Hodgkin´s lymphomas, strong MMP-9 expression correlated with B 
symptoms and decreased new vessel formation. 

III The present results indicate MMP-9 to have an important role in the progression of 
lymphoid malignancies. However, this is not linked to invasion and dissemination, 
and the exact mechanism explaining this relationship requires further studies. 

IV MMP-2 seemed to have a marked prognostic and predictive value in AML. The 
favorable prognostic value of MMP-2 was also detectable in Hodgkin´s lymphoma. 
In all of the lymphoid malignancies studied, MMP-9 indicated an adverse prognosis. 
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