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ABSTRACT

Multiple sclerosis is a chronic demyelinating disease of the 
central nervous system in which the genetic background 
plays an important role. Its pathophysiology is characterised 
by two major processes: neuroinflammation and neurode-
generation. Matrix metalloproteinases are involved in both of 
them. Macrophage metalloelastase is one of the three matrix 
metalloproteinases the common elevation of which has been 
confirmed in multiple sclerosis and also in animal models with 
experimental allergic encephalomyelitis. To assess the associa-
tion between its promotor polymorphism and demyelinating 
disease we genotyped a total of 92 patients (23 men, 69 
women, mean age 37 years) with definite multiple sclerosis 
(according to the McDonald criteria) and 51 healthy controls 
(17 men, 34 women) matched for age and sex. Genotyping 
was performed by means of polymerase chain reaction with 
restriction analysis. We observed no statistically significant 
differences in genotype or allele distribution of –82 A/G poly-
morphism between the groups examined (oR=2.6, p=0.026, 
pcorr=0.078). Due to insufficient numbers of patients with 
the progressive form [9], no statistically significant differen-
ces in genotype or allele frequencies emerged among the pa-
tients with variant forms of multiple sclerosis. Nevertheless, 
all patients with the progressive form (which is associated 
with a more severe course and higher disability) were of the 
same genotype: homozygotes AA. This genotype is connect-
ed with higher promotor activity and a higher expression of 
the final protein. It may represent a variant genotype base for 
a different course of multiple sclerosis in the polymorphism 
under investigation.
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MMP – matrix metalloproteinase
CNS – central nervous system
EAE – experimental allergic encephalomyelitis
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RR – relapsing remitting
SP – secondary progressive
PP – primary progressive
DNA – deoxyribonucleic acid
PCR – polymerase chain reaction
ELFo – electrophoresis
AP–1 – activator protein–1
HW – Hardy-Weinberg equilibrium 

INTRODUCTION

Multiple sclerosis (MS) is a chronic demyelinating disease 
of the central nervous system (CNS). It is one of the most 
frequent causes of young adult disability in our geographi-
cal zone [1]. MS is a multifactorial disease in which the ge-
netic background plays an important role. Its pathophysiol-
ogy is characterised by neuroinflammation and neurodege- 
neration. Matrix metalloproteinases (MMPs) – a family of Zn-
dependent endopeptidases [2] – are involved in both these 
processes. Some 26 MMPs are known to date, of which 23 
may be present in humans. The expression of MMPs is usu-
ally low in the adult body and is typically observed in a local 

manner in the course of specific processes [2–4]. In the patho-
genesis of multiple sclerosis, MMPs participate in blood-brain 
barrier disruption, leukocyte perivascular infiltration, myelin 
destruction, and conversion of the proforms of inflammatory 
molecules; they may also be responsible for neurotoxicity [4]. 
Because of their heavy destructive effect, their activity is un-
der very tight regulation [2, 3]. The first step in this path is 
regulation through the gene polymorphisms.
Elevated levels of nine MMPs have been found in spinal cord 
samples taken at the peak of disease in experimental aller-
gic encephalomyelitis (EAE), the accepted animal model 
of MS [5–7]. one of them was macrophage metalloelastase 
(MMP12), which up-regulated by a factor of more than three 
in one of these studies [8]. Increased expression of MMP12 
was also confirmed in vitro in cultured rat astrocytes [9]. It has 
been found that the macrophages of MM12-deficient mice 
have a markedly diminished capacity to degrade extracel-
lular matrix components. In addition, these macrophages 
were essentially unable to penetrate reconstituted basement 
membranes both in vitro and in vivo. MMP12 is therefore re-
quired for macrophage-mediated extracellular matrix prote-
olysis and tissue invasion [10]. Elevated MMPs have also been 

Figure 1
Final genotypes visualised in UV light after ELFo on 2% Serva agarose gel with ethidium bromide
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detected in serum and cerebrospinal fluid and the brains of 
MS patients on autopsy. Prominent MMP12 staining has been 
reported in macrophages found in active demyelinating MS 
lesions [11]. A lower proportion of phagocytes was positive 
for MMP12 in chronic active and inactive plaques [11]. Thus, 
MMP12 is one of the three MMPs (together with MMP9 and 
3) the common elevation of which has been confirmed in MS 
and also in mouse and rat EAE models [4,12].
The MMP12 gene is located on the eleventh chromosome 
(11q22.2-q22.3) [13]. By single-strand polymorphism confir-
mation analysis of deoxyribonucleic acid (DNA) from healthy 
individuals a common polymorphism within the MMP12 gene 
promotor has been detected. This –82 A/G polymorphism of 

MMP12 presents a functional polymorphism in which allele 
A shows a higher affinity for the transcription factor activator 
protein–1 (AP–1) and is thus associated with a higher promo-
tor activity and a higher MMP12 expression in assays [14].
In the present study we examined the relationship between 
–82 A/G MMP12 polymorphism and MS. 

MATERIALS AND METHODS

Patients and control subjects
In a case-control study a total of 92 unrelated patients (23 
men and 69 women, mean patient age 37.3 ± 9.0 years, mean 
EDSS score 3.71 ± 1.4, and mean disease duration 9.9 ± 5.1 

Table 1
Primers and PCR conditions

Left primer ( 5´-3´)
Right primer (5´-3´) PCR (temperature °C, time)

GAGATAGTCAAGGGATGATATCAGC 

AAGAGCTCCAGAAGCAGTGG 

95˚C/5´
95˚/45´´-55˚/30´´-72˚/45´´ (30x)
72˚/7´ 
10˚/10

Table 2
Restriction analysis

Restriction enzyme Conditions fragment length (bp)

Pvu II, 
5´CAG↓CTG
3´GTC↓GAC

37oC /4h: PCR product 15µl, H2o 2.7µl, buffer NEB 2 2µl, Pvu II 3U
AA 199 / 199 bp
GG 24,175 / 24,175 bp
AG 199 / 24,175 bp

Table 3
Genotypes and alleles

MMP12
-82 A/G

 PATIENTS
 number (frequence %)

 CONTROLS
 number (frequence %)

Genotypes
All
(n=92)

Men
(n=23)

Women
(n=69)

All
(n=51)

Men
(n=17)

Women
(n=34)

AA 64 (69.57) 16 48 42 (82.35) 13 29
AG 27 (29.35) 7 20 7 (13.73) 3 4
GG 1 (1.09) 0 1 2 (3.92) 1 1
Alleles
A 155 (0.84) 39 116 91 (0.89) 29 62
G 29 (0.16) 7 22 11 (0.11) 5 6
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years) with definite MS according to the McDonald crite-
ria were recruited from the MS centre at the Department of 
Neurology, Faculty Hospital and Faculty of Medicine, Masa-
ryk University, Brno. The cohort included 83 patients with the 
remitting relapsing form of MS – RRMS, 8 patients with the 
secondary progressive form – SPMS (5 women and 3 men, 
mean EDSS score 5.8 ± 1.4, mean disease duration 10.4 ± 4.3 
years), and one patient with the primary progressive form – 
PPMS (a man, EDSS 4.0, disease duration 4 years). The con-
trol group consisted of 51 healthy controls (17 men and 34 
women) with no history of MS or other autoimmune disease, 
and the subjects were matched for age and sex. All patients 
and controls were of Czech ancestry. Written informed con-
sent was obtained from all the subjects examined. The study 
was approved by the Committee for the Ethics of Medical Ex-
periments on Human Subjects, Faculty of Medicine, Masaryk 
University, Brno [ref. No. 48/ 2003]. 

Genotyping
Genomic DNA was isolated from peripheral blood leukocytes 
by a standard technique using proteinase K digestion of cells. 
The resulting DNA was used as a template for polymerase 
chain reaction (PCR). The method used to type the MMP12 
–82A/G promotor polymorphism has been described pre-
viously [14]. Primers and conditions for amplification are 
shown in Table 1. PCR was performed at a final volume of 
25µl containing 3µl of genomic DNA, 0.5µl dNTP, 1.25µl of 
each primer, 2.5µl buffer, 0.14µl Taq polymerase, and 2µl 
25mM MgCl2. Equal amounts of 15µl of the PCR products 
were digested with specific endonucleases to obtain final 
fragments (Table 2). The final genotypes were visualised in 
UV light after ELFo on 2% Serva agarose gel with ethidium 
bromide (Figure 1).

Statistical analysis
Hardy-Weinberg equilibria (HW) of the study polymorphism 
in all cases and controls were chi-square tested. Comparisons 
of the allele variant frequencies as well as comparisons of 
genotype incidence in the case-control study were calculated 
using the Fisher exact test. Statistical significance was consid-
ered as p<0.05. The Holm test for multiple comparisons was 
employed where appropriate.

RESULTS

Differences were evident in genotype distribution between 
our study groups, in which the AG heterozygotes were 
more frequent in MS patients (oR=2.6, p=0.026). Using the 
Holm test for multiple comparison, the results indicated 
only a trend, lacking statistical significance (pcorr=0.078). 
Even after the stratification of the subjects by sex, no allele 

or genotype differences were observed between the groups 
examined. The representation of the appropriate genotypes 
and alleles is shown in Table 3. The control group was not 
in HW equilibrium. No differences were found in genotypes 
or alleles among MS patients with variant forms of the dis-
ease. Nevertheless, all the patients with the progressive form 
(which is associated with a more severe course and higher 
disability) were of the same genotype: homozygotes AA 
(data not shown). 

DISCUSSION

It is assumed that different genetic backgrounds exist for 
the various forms of MS and also that genetic backgrounds 
vary from population to population. The Czech Republic is 
a country with both a high genetic homogeneity and a high 
prevalence of MS. The group examined therefore constitutes 
a proper and representative sample. on the other hand, the 
study group is too small to assess susceptibility to the differ-
ent forms of MS. Despite this, all the patients with the pro-
gressive form of MS were of the same genotype, homozy-
gotes AA. This genotype is associated with a higher promotor 
activity, a higher expression, and a higher final MMP12 plas-
ma level. This corresponds with the idea of different genetic 
backgrounds for the various courses of MS.
In animal models elevated MMP12 has repeatedly been ob-
served not only at the peak disease activity but also in the 
late phase of infection [11, 15–17]. MMP12 protein has been 
localised by immunohistochemistry in intralesional microglia/
macrophages and astrocytes and might account for ongoing 
demyelination [15]. one of these studies demonstrated that 
MMP12 was the most highly up-regulated MMP. However, in 
contrast to previously published findings, this increase was 
associated with protection, as MMP12-null mice had a sig-
nificantly worse maximum severity and EAE disease burden 
compared with wild-type controls [17]. MMP12 can therefore 
play both negative and positive roles in the pathophysiol-
ogy of MS. At the peak phase of the disease during relapses, 
it may participate in blood-brain barrier disruption and po-
tentiation of leukocyte infiltration, but in the late phase of 
the neuroinflammation the increased MMP12 level may be 
connected, for example, with some remyelination. Elevated 
levels of MMP12 have been observed at the time of myelina-
tion in mouse brain maturation [18]. 

CONCLUSIONS

There can be no doubt about MMP participation in the patho-
physiology of MS, but the exact function of specific MMPs is not 
sufficiently understood. This results from the high degree of 
interaction among most MMPs, not only at the gene level but 
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also at further stages, where they may activate or inhibit each 
other. For this reason, further and more extensive investigations 
into the genotypes, and especially the haplotypes of MMPs, are 
indicated. They may well disclose more profound effects on sus-
ceptibility to MS or on tendencies to different courses of MS.

ACKNOWLEDGEMENT

This study was supported by the Czech Ministry of Education 
Research Plan No. MSM0021622404.

REfERENCES

1. Havrdová E. Neuroimunologie [Neuroimmunology]. Pra-
ha: MAXDoRF, 2001: 231 pp.

2. Wikipedia.org [homepage on the Internet], the free en-
cyclopedia. Available at: http://en.wikipedia.org/wiki/
Metalloproteinase

3. Nagase H, Woessner JF. Matrix metalloproteinases. J Biol 
Chem 1999; 274: 21491–21494.

4. Yong VW, Power C, Forsyth P, Edwards DR. Metalloprotein-
ases in biology and pathology of the nervous system. Nat 
Rev Neurosci 2001; 2(7): 502–511. 

5. Pagenstecher A, Stalder AK, Kincaid CL, Shapiro SD, 
Campbell IL. Differential expression of matrix metallopro-
teinase and tissue inhibitor of matrix metalloproteinase 
genes in the mouse central nervous system in normal and 
inflammatory states. Am J Pathol 1998; 152(3): 729–741.

6. Kieseier BC, Kiefer R, Clements JM, et al. Matrix metallopro-
teinase–9 and –7 are regulated in experimental autoim-
mune encephalomyelitis. Brain 1998; 121(1): 159–166. 

7. Nygårdas PT, Hinkkanen AE. Up-regulation of MMP–8 and 
MMP–9 activity in the BALB/c mouse spinal cord correlates 
with the severity of experimental autoimmune encepha-
lomyelitis. Clin Exp Immunol 2002; 128(2): 245–254. 

8. Toft-Hansen H, Nuttall RK, Edwards DR, owens T. Key 
metalloproteinases are expressed by specific cell types in 
experimental autoimmune encephalomyelitis. J Immunol 
2004; 173(8): 5209–5218.

9. Wells GM, Catlin G, Cossins JA, et al. Quantitation of ma-
trix metalloproteinases in cultured rat astrocytes using 
the polymerase chain reaction with a multi-competitor 
cDNA standard. Glia 1996; 18(4): 332–340. 

10. Shipley JM, Wesselschmidt RL, Kobayashi DK, Ley TJ, Sha-
piro SD. Metalloelastase is required for macrophage-me-
diated proteolysis and matrix invasion in mice. Proc Natl 
Acad Sci USA 1996; 93(9): 3942–3946. 

11. Vos CM, van Haastert ES, de Groot CJ, van der Valk P, de 
Vries HE. Matrix metalloproteinase–12 is expressed in 
phagocytotic macrophages in active multiple sclerosis le-
sions. J Neuroimmunol 2003; 138(1–2): 106–114.

12. Maeda A, Sobel RA. Matrix metalloproteinases in the nor-
mal human central nervous system, microglial nodules, 
and multiple sclerosis lesions. J Neuropathol Exp Neurol 
1996; 55(3): 300–309. 

13. MERoPS the Peptidase Database [homepage on the In-
ternet]. Available at: http://merops.sanger.ac.uk/ 

14. Jormsjö S, Ye S, Moritz J, et al. Allele-specific regulation 
of matrix metalloproteinase–12 gene activity is associ-
ated with coronary artery luminal dimensions in diabetic 
patients with manifest coronary artery disease. Circ Res 
2000; 86(9): 998–1003.

15. Kurzepa J, Bartosik-Psujek H, Suchozebrska-Jesionek D, et 
al. Role of matrix metalloproteinases in the pathogenesis 
of multiple sclerosis. Neurol Neurochir Pol 2005; 39(1): 
63–67. 

16. Ulrich R, Baumgärtner W, Gerhauser I, et al. MMP–12, 
MMP–3, and TIMP–1 are markedly upregulated in chronic 
demyelinating Theiler murine encephalomyelitis. J Neu-
ropathol Exp Neurol 2006; 65(8): 783–793. 

17. Weaver A, Goncalves da Silva A, Nuttall RK, et al. An el-
evated matrix metalloproteinase (MMP) in an animal 
model of multiple sclerosis is protective by affecting Th1/
Th2 polarization. FASEB J 2005; 19(12): 1668–1670.

18. Larsen PH, DaSilva AG, Conant K, Yong VW. Myelin forma-
tion during development of the CNS is delayed in matrix 
metalloproteinase–9 and –12 null mice. J Neurosci 2006; 
26(8): 2207–2214. ■ 




