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Abstract. MMP-2 and MMP-9 playa significant role 
in the development of numerous diseases mainly with 
the inflammatory pathogenesis. One of the drugs ex­
erting an effect on metalloproteinases is IFN-~. Previ­
ous studies showed that IFN ~-lb can decrease MMP 
synthesis and moreovel' inhibit their proteolytic activ­
ity. The aim of our study was to analyse the influence of 
recombinant IFN ~-la (identical with natural IFN-~) 
on MMP-2 and MMP-9 activities. The gelatinolytic ac­
tivity was evaluated with zymography in sera obtained 
from 10 healthy donors. After electrophoresis gels were 
incubated with or without IFN ~-1 a (2000 V/ml) for 18 h. 
We noticed a significant decrease of MMP-2/72 kDa 
(P = 0.0283) and the augmentation of MMP-9/92 kDa 
(P = 0.0042) activities after incubation with interferon. 
The elevation of MMP-9/92 kDa activity suggests that 
IFN ~-la can exhibit proinflammatory features besides 
well-known anti-inflammatory properties. 

Introduction 
Metalloproteinaze (MMP) MMP-2 and MJvIP-9 are 

Zn2+-dependent endopeptidases that degrade compounds 
of extracellular mah'ix ECM such as different types of col­
lagen (mainly type IV), elastin, and laminin (Cbandler et 
aI. , 1997). MJvIP-2 and MJvIP-9 disrupt the subendothelial 
basal membrane; therefore, they are responsible for the 
facilitation of leukocyte migration across the vessel wall 
and the development of the inflammatOlY process (Opde­
nakker et al., 2001). Both enzymes playa significant role 
in numerous physiological and pathological processes. An 
example is multiple sclerosis (MS), where MJvIP-2 and 
MJv1P-9 are involved in blood-brain banier (BBB) disrup­
tion. MMP-9 seems to be associated with the active MS, 
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whereas MJv1P-2 is more specific for c1u'onic progressive 
MS (Avolio et aI. , 2003). Recombinant interferon ~-1 a 
(IFN ~- 1 a) exerts imll1unomodulatOlY propelties during 
MS h'eatment, decreases gandoliniul11-enhancing lesions 
of the white matter on magnetic resonance il11agin (MRI) 
scans and restores the BBB mainly due to dowmegulation 
ofMMP-9 expression (Avolio et aI. , 2005). Previous stud­
ies showed that IFN ~-l b can also inhibit MJv1P-2 and 
MJv1P-9 activity at the posth'anslational level, probably 
through interaction between the drug and the enzyme 
(Kieseier and Hartung, 2004). IFN ~-1 b displays some dif­
ferences in compatison with lFN ~-la (a slightly different 
amino acid sh'ucture and lack of the glycosylated moiety). 
The stmctllre ofIFN ~-l a is consistent with natural human 
IFN-~ with a high glycosylation ratio. The aim of our 
study was to evaluate the direct effect of IFN ~-1 a on se­
mm MJvIP-2 and MMP-9 gelatinolytic activity. 

Material and Methods 
The present work was pelfol1ned in accordance with the 

ethics standard of Helsinki Declaration and approved by lo­
cal Etics COlmruttee. AU individuals gave infol1ned consent. 
TI1e serum samples were obtained f)-om 10 healthy donors 
(female/male: 6/4, mean age ± SD: 24 ± 1.2 years). 

Biochemical procedures 
After centrifugation the serum was stored at -30°C for 

two weeks. MMP-2 and MMP-9 activity was determined 
by gelatin zymography according to the method described 
by Azeh et al. (1998) with modifications. Briefly, the 
samples consisting of 9 J.lI of diluted serum (1/50 with re­
distilled water) + 3 ~Ll of sample buffer with 10% sodium 
dodecyl sulphate (SDS) were separated on 10% polyaclY­
latrude gel with 0.05% gelatin type A from porcine skin 
(G2500, Sigma-Aldrich, Poole, Dorset, UK). After elec­
trophoresis, washing was calTied out for two 30-min pe­
riods with buffer 50 mM Tris-HCI, pH 7.2, containing 
10 mM CaCI2, 0.02% NaN,l and 2.5% Tliton X-IOO. The 
incubation with or without 2000 U/ml IFN ~-la (Reb if, 
Serono International, Geneva, Switzerland) was per­
formed for 18 b at 37°C in the above buffer but with 1% 
Triton X-IOO. Gels were stained with 0.1% Coomassie 
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Blue R-250 in 30% ethanol and 10% acetic acid and 
destained in 30% ethanol and 10% acetic ac id. MMP-2 
and MMP-9 activity was detected as clear bands 011 the 
blue background. Enzymes were identified by co-locali­
zation with a molecular mass standard (Fennentas, 
SM044 1). Quantification ofzymograms was done using a 
digital camera (resolution 4.2 Mpx) and ZERO-Dscan 
Image Analysis System v. 1.0 . (Scanalytics, Bi llerica, 
MA). MMP-2 and MMP-9 activity was expressed as the 
optical density (OD) of the subsh'ate lysis zone. 

Statistics 
To compare MMP-2 and MMP-9 activity after incuba­

tion with liS . without IFN ~- 1 a, Wilcoxon matched pairs 
test was used. Statistically significant values were consi­
dered when P < 0.05. Data are expressed as mean and SD. 
Statistical analysis was pelformed with the use of the com­
puter-assisted statistical program GraphPad InStat v. 3.06. 

Results and Discussion 
Gelatinolytic activity was detectable at molecular 

weight of 72 kDa (corresponding to pro-MMP-2) and 
92 kDa (pro-MMP-9). Low activites were noticed at 
130 kDa (MMP-9 heterodimer) and at approximately 
200 kDa (MMP-9 homodimer), but for further analysis 
only direct pro-fonlls of the act ive enzymes were used. 
We noticed that after incubation of zymographic gels 
with 2000 U/mL ofIFN ~-la the proteolytic activity at 
72 kDa (pro-MMP-2) decreased significantly (P = 0.0283), 
whereas interferon had the opposite effect 011 MMP-9/92 
kDa (increase of activity, P = 0.0042) (Fig. 1). 

At present, IFN ~-la is used in MS treatment - a 
clu'onic inflammatory disease of the central nervous sys­
tem (CNS) characterized by demyelinization, focal T-cell 
and macropbage infiltration, axonal inj ury, and loss of 
neurological functions (Bar-Or et al., 1999). MMPs act 
on several phases of MS development, di srupt the BBB 
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Fig. 1. Relative serum ge latinolytic activity. IFN ~- I a had 
opposite effects on botb gelatinases. MMP-2 (72 kDa) ac­
ti vity decreased (38.5%) whereas MMP-9 (92 lilla) in­
creased (30. 1 %) after incubation with IFN ~-I a. Mean ac­
tivity (witb SD) of MMP-2 and MMP-9 developed wi th 
standard buffer (-) are expressed as 100%. 

(the increase of lymphocyte migration into CNS), and 
they also take part in the degradation of myelin shield 
proteins (Chandler et al., 1997). Previous studies demon­
sh'ated that IFN-~ slows down T-cell migration across 
BBB by suppressing the MMP-9 expression (Hartung 
and Kieseier, 2000). Moreover, IFN ~-lb exhibits inhibi­
tOly effects on MMP-2 and MMP-9 activity at the post­
translational level (Kieseier and Hartung, 2004) . In this 
study we investigated IFN ~- 1 a infl uence on MMP-2 and 
MMP-9 activity at the protein level. Our observations of 
the effect of IFN ~-la on MMP-2 activity (72 kDa fonn ) 
are consistent with previous observations (decrease of 
activity), but the drug unexpectedly augmented the ge­
latinolytic activity at 92 kDa (pro-MMP-9). This finding 
suggests that IFN ~-la could also exhibit proi nfl anU11a­
tory effects. The concentration ofIFN ~-la (2000 U/ml) 
applied in this experiment was s ignificantly higher than 
the concenh'ation that is n0ll11ally present in serum dur­
ing therapy of MS. It is therefore difficult to predict the 
influence of interferon on MMP-9 proteolytic activity in 
natural in vivo conditions. We do not lmow whether the 
enhanced MMP-9 activity is cOlmected with the pres­
ence of glycosylated moiety (conuTIon feature of natural 
IFN-~ and MMP-9) or other properties ofIFN ~-la. Fur­
ther studies for evaluation of the interactions between 
metalloproteinases and interferon are needed. 

References 
Avol io, c., Ruggieri , M. , Giu liani, F. , Liuzzi , G. M. , Leante, 

R., Ricco, P. , Livrea, P., Trojano, M. (2003) Serum MMP-2 
and MMP-9 are elevated in different mul tip le sclerosis 
subtypes. J Neuroil11l11Ul7ol. 136,46-53. 

Avolio, c., Filippi, M., Tortorella, c. , Rocca, M. A., Ruggieri, 
M., Agosta, F. , Tomassin i, v. , Pozzilli , c., Stecchi , S., 
Giaquinto, P., Livrea, P., Trojano, M. (2005) Serum 
MMP-9/TIMP- l and MMP-2/TIMP-2 ratios in multiple 
sclerosis: relationships with different magnetic resonance 
imaging measures of disease activi ty during TFN-P-l a 
treatment. Mull. ScleJ: 11,44 1-446. 

Azeh, 1. , Mader, M. , Smimov, A. , Beuche, W. , Nau, R., 
Weber, F. (1998) Experimenta l pneumococcal meningitis 
in rabbits: the increase of matrix meta lloproteinase-9 in 
cerebrospinal fluid correlates with leucocyte invas ion. 
Neurasei. LeI!. 256, 127- 130. 

Bar-Or, A. , Oliveira, E. M., Anderson D. E., Hafler, D. A. 
(1999) Molecular pathogenesis of multiple scleros is. J 
Neuraill1J11ltl1ol. 100,252-259. 

Chandler, S. , Miller, K. M., Clements, J. M., LUlY, 1. , Corkill, D. , 
Anthony, D. C. , Adams, S. E. , Gearing, A. 1. (1997) Matrix 
metalloproteinases, tumor necrosis factor and multiple 
sclerosis: an overview. J Neuraimmul1ol. 72, 155-161. 

Hartung, H. P. , Kieseier, B. C. (2000) The role of matrix 
meta lloproteinases in autoimmune damage to the centra l and 
peripheral nervous system. J. Neuraimmlll1ol. 107, 140-147. 

Kieseier, B. c., Hartung, H. P. (2004) Different effects of 
simvastin and interferon P on the proteolytic activity of 
matrix metalloproteinases. Arch. Neura l. 61,929-932. 

Opdenakker, G., Van den Steen, P. E., Van DanU11e, J. (200 1) 
Gelatinase B: a tuner and amp lifier of immune funct ions. 
Trends ImJl1ul1ol. 22,571-579. 


