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SUMMARY

Matrix metalloproteinases (MMPs) are responsible for the

degradation of extracellular matrix and have an important

role in tumour metastases. We investigated the role of

MMP-2 and MMP-9 in Hodgkin’s disease (HD) and

non-Hodgkin’s lymphoma (NHL).The serum samples of

patients with HD (n5 12), NHL (n5 30) and healthy

control (n5 22) were analysed for MMP-2 and MMP-9.

An immunoassay method was used for the determination of

MMP-2 and MMP-9 levels. No statistical significance was

found between HD and NHL groups for levels of MMP-2.

There were no relation between MMP-2, MMP-9 levels and

clinical characteristics of patients. The mean MMP-9 levels

were found to be 555.66 140 ng/ml, 446.66 53.6 ng/ml

and 111.26 10.3 ng/ml in HD, NHL and control groups,

respectively. Our results suggest that MMP-9 levels are

substantially increased in HD and NHL when compared

with controls and may probably be used for distinguishing

the benign diseases from malign lymphomas.
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INTRODUCT ION

Matrix metalloproteinases (MMPs) are a group of proteinases

that have physiological roles in degrading the extracellular

matrix (ECM). They have a role in local and distant metas-

tases of the malign diseases. In this group, MMP-2 (72-kDa

type IV collagenase) and MMP-9 (92-kDa type IV collage-

nase) are overexpressed in various malignancies. There is a

correlation between the MMP expression and aggressiveness

and metastatic potential of the tumours (1,2). A number of

studies have been carried out in angiogenesis and MMP-2/

MMP-9 in various human solid tumours, such as gastrointes-

tinal (3), breast (4), lung (5), gynaecological cancers (6) and

cutaneous melanoma (7).

Lymphomas are malign disease of lymphoid cells. Some of

the prognostic factors such as age, stage, performance status,

serum lactic dehydrogenase level and sites of extranodal involve-

ment affect the response to treatment and survival of patients

with lymphomas (8). Although the studies related to haema-

poietic neoplasia and MMPs are relatively limited,

a correlation between the tumour grade and expression

of MMP-9 in non-Hodgkin’s lymphomas (NHLs) was

shown (9,10). In Hodgkin’s disease (HD), a strong correl-

ation was reported between the MMP-2 levels and favourable

prognosis (11).

In this study, we investigated the role of MMP-2 and

MMP-9 and the correlation between various prognostic and

clinical parameters in HD and NHL.

MATER IALS AND METHODS

Patients

The patients admitted to our oncology clinic entered the

study. The serum samples obtained from patients who were

histologically diagnosed with HD (n5 12), NHL (n5 30)

and healthy controls (n5 22) were studied.

The Ann Arbor staging system was used for staging in the

patients with HD and NHL. The Working Formulation

Classification and International Prognostic Index (IPI) were

used in NHLs (8,12). The Adriamycin, bleomycin, vinblas-

tine and dacarbazine (ABVD) were used in treatment of

patients with HD, cyclophosphamide, Adriamycin, Oncovin

and prednisolone (CHOP) were used in patients who have

been diagnosed as high and intermediate grade and cyclophos-

phamide, Oncovin and prednisolone (COP) regimen were

used in patients who have been diagnosed as low-grade

NHLs. The international response criterion was used to assess

the response to therapy (13). Serum levels of MMP-2 and

MMP-9 were compared to the response to treatment, stage of

disease, IPI, histologic grade of tumour, B symptoms,
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extranodal involvement of disease and survival of patients

with HD and NHLs.

Determination of MMP-2 Levels

The MMP-2 immunoassay method was used for the determin-

ation of MMP-2 levels in serum specimens of patients and

controls. All samples were diluted 1 : 9 with washing solution

before analysis. Fifty microlitres of each standards and samples

was pipetted into the test tubes. Three hundred microlitres of

enzyme-labelled antibody solution was pipetted into each

sample- or standard-containing tubes. One anti-MMP-2-

coated bead was placed into each tube at regularly timed

intervals. Then, the tubes were incubated at 17–27 ˚C for

1 h. The reaction was stopped by adding 3.0 ml of washing

solution to each tube. Each washed bead was transferred into

a clean fresh tube. Three hundred microlitres of colouring

solution was pipetted into each tube at regularly timed intervals.

The tubes were incubated at 17–27 ˚C for 1 h. Adding 1.5 ml

of stop solution to each tube stopped the enzyme reaction.

Absorbance for the standard curve solutions and specimens

was read at 492 nm, using deionised water as a blank. Using

the net absorbance values for specimens, the MMP-2

concentrations were determined from standard curve and

multiplied the ng/ml value by additional dilution of

the samples (Human MMP-2 Immunoassay Kit, Cat. No.

ECM492, Chemicon International Inc., Temecula, CA, USA).

Determination of MMP-9 Levels

The MMP-9 immunoassay method was used for the determin-

ation of MMP-9 levels in plasma specimens of patients and

controls. All samples were diluted 1 : 9 with washing solution

before analysis. Fifty microlitres of each standards and samples

was pipetted into the test tubes. Three hundred microlitres of

enzyme-labelled antibody solution was pipetted into each

sample- or standard-containing tubes. One anti-MMP-9-

coated bead was placed into each tube at regularly timed

intervals. Then, the tubes were incubated at 17–27 ˚C for

1 h. The reaction was stopped by adding 3.0 ml of washing

solution to each tube. Each washed bead was transferred into

a clean fresh tube. Three hundred microlitres of colouring

solution was pipetted into each tube at regularly timed inter-

vals. The tubes were incubated at 17–27 ˚C for 1 h. Adding

1.5 ml of stop solution to each tube stopped enzyme reaction.

Absorbance for the standard curve solutions and specimens

was read at 492 nm, using deionised water as a blank.

Using the net absorbance values for specimens, the MMP-9

concentrations were determined from standard curve and

multiplied the ng/ml value by additional dilution of the sam-

ples (Human MMP-9 Immunoassay Kit, Cat. No. ECM494,

Chemicon International Inc.).

Statistical Analysis

Student’s t-test was used to compare the MMP-2 and MMP-

9 levels of HD, NHL and control group. The p-values lesser

than 0.05 were accepted as statistically significant.

RESULTS

Characteristics of NHL Patients

The patients’ ages were 55.26 14.2 (ranged 22–75). Histo-

logically, six cases had a low-grade histology, while 18 had

intermediate and six had a high-grade histology. Six of the

patients with NHL were at stage I disease, five were at stage II

disease, three had stage III disease and 16 had stage IV

disease. Eighteen of the patients had nodal disease and 12

patients had extranodal involvement. Eight patients had B

symptoms and 22 patients without B symptoms. Neither

MMP-2 nor MMP-9 was associated with the histologic

grade, stage of disease, IPI score, B symptoms, extranodal

involvement, response to treatment and survival of patients

(Table 1). There was no significant correlation between

Table 1 The levels of MMP-2 and MMP-9 in patients with non-

Hodgkin’s lymphoma

MMP-2 (ng/ml) MMP-9 (ng/ml)

Mean6 SEM p Mean6 SEM p

Histologic grade

Low 602.86 36.8 109.16 14.0

Intermediate 607.96 14.3 0.445 125.16 23.1 0.313

High 772.06 221 65.76 10.1

Stage

I 782.16 180 389.26 86.1

II 547.36 46.6 0.458 510.16 115 0.416

III 606.86 99.1 6946 157

IV 650.56 45.2 4026 81.9

IPI score

Low 607.5 90.1

Low intermediate 651.96 54.9 0.801 118.46 13.6 0.093

High intermediate 5756 31.5 77.96 20.5

High 635 196.9

B symptoms

Yes 622.46 40.7 0.953 107.96 15.5 0.804

No 627.16 28.8 1166 24.4

Extranodal involvement

Yes 603.76 23.2 0.522 109.16 21.9 0.954

No 646.56 64.7 110.66 13.2

Response to treatment

Complete response 653.16 75.6 0.482 103.86 19.8 0.728

No remission 6056 24.2 113.56 17.5

Survival status

Surviving 623.56 37.4 1.000 106.96 11.5 0.620

Died 623.56 11.5 125.66 71.3

Their histologic and clinical characteristics are also shown. IPI, International

Prognostic Index; MMP, matrix metalloproteinase; SEM, standard error of

mean.
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MMP-2 levels of HD and healthy control group (Table 3,

Fig. 1). The MMP-9 levels were significantly higher than the

healthy control group (446.66 53.6 vs. 111.26 10.3,

p5 0.000) (Table 3, Fig. 2).

Characteristics of HD Patients

There were 12 patients with HD (six males and six females).

All of the patients had nodal disease, eight of them had B

symptoms and four without B symptoms. There was no

association between MMP-2, MMP-9 and clinical character-

istics of patients such as stage, B symptoms, response to

treatment and survival of patients (Table 2, Fig. 1). However,

the MMP-9 levels were significantly higher than healthy

control group (555.66 140 vs. 111.26 10.3) (Table 3,

Fig. 2).

DISCUSS ION

Tumor growth, invasion and metastasis is a multistep process

(14). The MMPs which are the zinc-dependent neutral endo-

peptidases degrade the ECM. They have an important role in

metastasis of neoplasia. The MMP levels are either very low

or cannot be detected in normal tissue. In most of malignan-

cies, the MMP levels increase substantially. There are a lot of

MMPs, but some of this group are associated with onco-

genesis. MMP-2 and MMP-9 are associated with malignancies

(1,2,15).

The role of gelatinases in the solid tumours is widely

investigated. In many tumours, there is an association

between the MMP expression with stage and metastasis of

cancer (3,7,16). Most of studies in haematologic neoplasia

concerning MMPs are in vitro studies. In multiple myelomas,

increased activity of MMPs can cause the excessive bone

marrow resorption and result in spreading the myeloma cells

(17–19).

In NHLs, a high level of MMP-9 mRNA expression was

found in high-grade morphology when compared with low

grade. The expression of MMP-9 in lymphomas is associated

with clinical aggressiveness (20,21). Recently, Kuittinen et al.
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Figure 1 Matrix metalloproteinase-2 (MMP-2) levels. Bars

represent mean6 SEM values. HD, Hodgkin’s disease

(738.26 94.8); NHL, non-Hodgkin’s lymphoma (655.76 44.6)

and control (608.46 31.6)
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Figure 2 Matrix metalloproteinase-9 (MMP-9) levels. Bars

represent mean6 SEM values. HD, Hodgkin’s disease

(555.66 140); NHL, non-Hodgkin’s lymphoma (446.66 53.6)

and control (111.26 10.3)

Table 2 The levels of matrix MMP-2 and MMP-9 in patients with

Hodgkin’s disease

MMP-2 (ng/ml) MMP-9 (ng/ml)

Mean6 SEM p Mean6 SEM p

Stage

I 745 942.4

II 9386 258 0.733 540.76 250 0.640

III 667.76 143 399.36 144

IV 645.26 42.2 853.46 756

B symptoms

Yes 622.46 40.7 0.953 107.96 15.5 0.804

No 627.16 28.8 1166 24.4

Response to treatment

Complete response 762.36 112 0.591 644.56 154 0.169

No remission 616.26 71.7 111.46 14.2

Survival status

Surviving 762.36 112 0.591 644.56 154 0.169

Died 616.26 71.7 111.46 14.2

Their histologic and clinical characteristics are also shown. MMP, matrix

metalloproteinase; SEM, standard error of mean.

Table 3 The levels of MMP-2 and MMP-9 in all groups

MMP-2 (ng/ml) MMP-9 (ng/ml)

Mean6 SEM p Mean6 SEM p

Hodgkin’s disease 738.26 94.8 0.282 555.66 140 0.000*

Non-Hodgkin’s

lymphoma

655.76 44.6 0.756 446.66 53.6 0.000*

Control 608.46 31.6 111.26 10.3

*Statistically significant.
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(11) found that there is a correlation between decreased new vessel

formation, with B symptoms and MMP-9 expression in HD.

They also found that there is a correlation between a favourable

prognosis and MMP-2 expression. No correlation was found

between the gelatinases and tumour stage, bulky disease or extra-

nodal involvement. In our study, high levels of MMP-2 were

found in HD when compared with the healthy control group.

But, we did not find any correlation between the other clinical

parameters, such as disease stage, B symptoms, response to

treatment and survival. However, the levels of MMP-2 were

higher in patients responding to treatment and surviving

patients with HD. But, it was not statistically significant. Our

results were similar to the findings of Kuittinen et al.
In the T-cell lymphoma models, it has been found that the

MMP-9 levels correlated with organ involvement. An inhibi-

tion of MMPs is correlated with anti-metastatic efficiency

(11,22). In adult T-cell lymphoma, a high plasma vascular

endothelial growth factor level was closely associated with

malign cell infiltration and increased plasma MMP-9 levels

(23,24). Vacca et al. (25) reported that the gelatinase (MMP-

2 and MMP-9) expression in mycosis fungoides increases as

stage advances. Similar studies were reported by Kossakowska

et al. (10,20,21,26). They show a significant association

between the enzymatic activity of MMP-9 and the grade of

NHL and aggressive behaviour. In the present study, in

contrast to other studies, we could not find any correlation

between histologic grade, extranodal involvement of disease,

tumour stage and survival. However, we found a five- and

fourfold higher MMP-9 levels in HD and NHL, respectively,

when compared with healthy control group. This is an inter-

esting result and needs to be explained. In yet another study

of Kossakowska et al. (27), they found that the detection of

MMP-9 or MMP-11 expression could be distinguished

between benign and malign disease with a high accuracy of

sensitivity and specificity. These findings suggest that the

MMP-9 expression can probably be used for distinguishing

a benign disease and malign lymphoma.

In conclusion, although the role of MMPs is well estab-

lished in the solid malignancies, the exact role of gelatinases in

haematologic neoplasia needs to be investigated in more

studies. So that the evolution and pathogenesis of lymphomas

could be well understood, and using of anti-angiogenic agents

in the treatment of lymphomas can be furthered in the future.
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