
Abstract The pathology of multiple sclerosis (MS) is
characterised by breakdown of the blood-brain barrier ac-
companied by infiltration of macrophages and T cells into
the central nervous system (CNS). Myelin is degraded
and engulfed by the macrophages, producing lesions of
demyelination. Some or all of these mechanisms might
involve proteinases, and here we have studied the cellular
localisation and distribution of two matrix metallopro-
teinases (MMPs), MMP-7 (matrilysin) and MMP-9 (92-
kDa gelatinase), in the normal human CNS and active de-
myelinating MS lesions. Cryostat sections of CNS sam-
ples were immunostained with antisera to MMP-7 and
MMP-9. In addition, non-radioactive in situ hybridisation
(ISH) was performed using a digoxygenin-labelled ribo-
probe to detect the expression of MMP-7. MMP-7 im-
munoreactivity was weakly detected in microglial-like
cells in normal brain tissue sections, and was very strong
in parenchymal macrophages in active demyelinating MS
lesions. This pattern of expression was confirmed using
ISH. MMP-7 immunoreactivity was not detected in macro-
phages in spleen or tonsil, indicating that it is specifically
induced in infiltrating macrophages in active demyelinat-
ing MS lesions. MMP-9 immunoreactivity was detected
in a few small blood vessels in normal brain tissue sec-
tions, whereas many blood vessels stained positive in
CNS tissue sections of active demyelinating MS lesions.
The up-regulation of MMPs in MS may contribute to the
pathology of the disease.
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Introduction

The underlying cause of multiple sclerosis (MS) is un-
known. A characteristic feature of the disease is the ongo-
ing development and disappearance of areas of demyeli-
nation (lesions) in the white matter of the central nervous
system (CNS) [26]. Initial events leading to the formation
of lesions include an inflammatory response and damage
to the blood-brain barrier (BBB), allowing mononuclear
cells to enter the CNS. Monocytes become activated to
parenchymal macrophages which engulf and degrade
myelin, and oligodendrocyte death occurs. Glial cells be-
come activated, and later remyelination and astrogliosis
occur and the lesion becomes inactive. There is evidence
that several cytokines are involved in MS. For example,
tumour necrosis factor (TNF-α) is present in astrocytes,
macrophages and endothelial cells [38, 43] within MS le-
sions, and is up-regulated in the cerebral spinal fluid
(CSF) and blood mononuclear cells immediately before
and during relapse [2, 28, 32]. It is also able to damage the
BBB [40] and can damage oligodendrocytes and myelin
in vitro [6, 37].

In addition to cytokines, there is increasing evidence
that matrix metalloproteinases (MMPs) might be involved
in demyelinating diseases such as MS [24]. MMPs com-
prise a large family of at least 14 structurally related en-
zymes that are involved in tissue remodelling during de-
velopment, as well as wound healing [3, 25], tumour
growth and metastasis [33] and inflammation [42]. MMPs
can process TNF-α to a mature soluble form [12], and
MMP-9 (92-kDa gelatinase), which can degrade collagen
types IV and V, has also been implicated as an intermedi-
ate in TNF-α-induced breakdown of the BBB [36]. Acti-
vated T cells secrete MMP-2 and MMP-9, which might
aid in their transmigration from the vasculature into the
CNS [23, 35]. MMPs can also degrade myelin in vitro [8,
15, 29] and might participate in lesion formation in MS. 

The role of MMPs in experimental autoimmune en-
cephalomyelitis (EAE), the animal model for MS, has
been well studied. Elevated levels of MMP-9 have been
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found in the CSF during EAE [15], and inhibition of
MMPs can reverse EAE [16]. In addition, there is an in-
crease in mRNA expression of MMP-7 and MMP-9 in rat
spinal cord during EAE [9]. Elevated levels of MMP-9
have also been found in the CSF of MS patients [14] and
also in MS lesions [13], but MMP-7 expression in MS
has not been reported. We have, therefore, investigated
the expression of MMP-7 and MMP-9 in tissue sections
of active demyelinating MS lesions, using immunohisto-
chemistry and non-radioactive in situ hybridisation
(ISH).

Materials and methods

MS tissue

Human brain and spinal cord tissue was obtained at autopsy (with
short post-mortem intervals) from four MS patients and two pa-
tients without neurological complications (for details see Table 1).
The autopsies were performed under the management of the
Netherlands Brain Bank, Amsterdam (coordinator Dr. R. Ravid).
In all MS cases, tissue samples were taken from lesions located in
the brain and/or spinal cord. Tissue samples from the two control
cases were taken from the subcortical white matter or corpus cal-
losum. The clinical diagnosis of MS was confirmed neuropatho-
logically. Human spleen and tonsil samples were obtained from
the Tissue Bank of the Department of Pathology, Free University
Academic Hospital, Amsterdam. Tissue samples were snap frozen
in liquid nitrogen and stored at 196°C. Haematoxylin-eosin (H&E)-
stained sections were always prepared from the tissue samples, and
tissue sections from MS lesions were stained for 5–10 min with the
neutral lipid marker Oil Red O (ORO) to delineate areas of myelin
breakdown and demyelination.

Antibodies

Polyclonal anti-MMP-7 antibody RP21 was raised in rabbits
against a peptide sequence AEYSLFPNSPKWTSKVC. Anti-MMP-
9 mouse monoclonal antibody (mAb) 4H3 (IgG1) was raised against
recombinant protein [8] and generated by conventional methods.
Mouse anti-human KP1 mAb (IgG1), which recognises the mono-
cyte/macrophage-specific antigen CD68 [30], mouse anti-human
leukocyte antigen (LCA, IgG1), rabbit anti-cow glial fibrillary
acidic protein (GFAP) which is an astrocytic marker, biotinylated
rabbit anti-mouse IgG F(ab′)2 and biotinylated swine anti-rabbit
IgG F(ab′)2 were obtained from Dakopatts (Copenhagen, Denmark).
Mouse anti-human HLA-DR/DQ (OKIa, IgG1) was obtained form
Ortho (Beerse, Belgium). Horseradish peroxidase (HRP)-linked

goat anti-rabbit and monoclonal anti-digoxin, which cross-reacts
with digoxygenin, were purchased from Sigma (St. Louis, Mo.).

Western blotting

Recombinant MMPs were purified [8] and separated on pre-cast
4–20% TRIS-glycine gels (Novex, San Diego, Calif.) by sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
[22], and blotted onto nitrocellulose using conventional methods.
The nitrocellulose was incubated in blocking buffer, which was
0.01 M phosphate-buffered saline (PBS) containing 0.5% pow-
dered milk and 0.1% Tween 20, for 1 h at room temperature (RT).
The filter was washed in wash buffer (PBS containing 0.1%
Tween 20) and then incubated with 10 µg/ml RP21 diluted in
blocking buffer for 2 h at RT. The filter was washed as before and
incubated in blocking buffer containing HRP-linked goat anti-rab-
bit diluted 1:1000 for 1 h at RT. The filter was washed and perox-
idase activity was demonstrated using PBS containing 3,3′-di-
aminebenzidinetetrahydrochloride (DAB: Sigma), 0.05% H2O2,
0.02% CoCl2 and 0.02% (NH4)2Ni(SO4)2.

RNA probe for ISH of MMP-7

cDNA encoding full-length human MMP-7 was cloned into
pGEM4Z, and the construct linearised by digestion with HindIII or
EcoRI for antisense and sense probes, respectively. Digoxygenin-
labelled RNA probes were generated using the DIG RNA La-
belling Kit (Boehringer Mannheim, Germany), and the RNA was
then ethanol precipitated, resuspended in 40 µl tissue culture grade
water (Sigma) and stored at –20°C. Relative labelling efficiency of
the two probes was analysed by Northern blot and by dot blots of
probes at decreasing concentrations, using the DIG Nucleic Acid
Detection Kit (Boehringer Mannheim).

Immunohistochemistry

Serial 7-µm-thick cryostat sections of MS lesions and control tis-
sue were collected onto glass slides. The sections were either fixed
with 4% paraformaldehyde in PBS for 15 min or with acetone for
10 min. All washes were carried out for 15 min with PBS contain-
ing 0.1% saponin, and antibodies were diluted in PBS containing
0.1% saponin and 1% bovine serum albumin. Sections were im-
munostained by the streptavidin-biotin complex (sABC) procedure
as described previously [10]. Briefly, the slides were washed and
then pre-incubated with 1% H2O2 + 0.02% NaN3 in PBS for 30
min. Sections were pre-incubated with either 2% normal rabbit
serum (for MMP-9, KP1, LCA and OKIa staining) or 2% normal
swine serum (for MMP-7 and GFAP staining) for 10 min. Primary
antibodies were diluted [RP21 was used at 5 µg/ml, 4H3 was used
at 9 µg/ml, KP1 was diluted 1:400, leukocyte common antigen
(LCA) 1:50, HLA-DR/DQ (OKIa) 1:100 and GFAP was diluted
1:1000], and incubated for 1 h at RT, followed by washing. Slides
were incubated with biotinylated secondary antibodies [biotiny-
lated rabbit anti-mouse IgG F(ab′)2 was used 1:500 and biotiny-
lated swine anti-rabbit IgG F(ab′)2 was used 1:300] for 30 min at
RT and then washed. HRP-linked sABC (sABC-HRP: Dakopatts)
was used for 1 h at RT, and peroxidase activity was demonstrated
with 0.5 mg/ml DAB in 0.05 M TRIS-HCl pH 7.6 containing
0.03% H2O2 for 5 min. Controls were set up omitting the primary
antibodies. A further control was also included in which RP21 was
pre-absorbed with purified MMP-7.

In situ hybridisation

All solutions were purchased as RNase-free solutions or were pre-
treated with 0.02% diethyl pyrocarbonate. 3-Aminopropyltri-
ethoxysilane (APES)-coated slides were made by incubation with
acetone for 5 min at RT, incubation with acetone containing 2%
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Table 1 Details of control and MS autopsy tissue (MS multiple
sclerosis)

Case Age Sex Post- Cause of death/
no. mortem neuropathology

delay

MS S115 57 F 5 h 45 min Aspiration pneumonia/
definitive MS

S116 35 F 5 h 45 min Cachexia/definitive MS
S136 46 M 8 h 00 min Cachexia/definitive MS
S276 56 M 5 h 30 min Respiratory failure/

definitive MS

Controls S281 89 F 6 h 00 min Aspiration pneumonia
S283 82 M 5 h 30 min Respiratory failure



APES (Sigma) for 5 min at RT and then incubation with acetone
for 5 min at RT. Slides were washed with RNase-free distilled wa-
ter and dried at 37°C. Prior to use, the slides were activated by in-
cubation with 3% glutaraldehyde for 5 min, washed with distilled
water and air-dried. Serial 6-µm-thick cryostat sections were col-
lected on APES-coated slides. The sections were fixed according
to Woodroofe and Cuzner [43]. Briefly, sections were fixed in
freshly prepared 4% paraformaldehyde in PBS containing 0.02%
diethyl pyrocarbonate (DEPC) for 5 min, washed in PBS and incu-
bated with freshly prepared 0.1 M triethanolamine + 0.25% acetic
anhydride for 10 min. Sections were rinsed in 70% ethanol, 96%
ethanol and 100% ethanol, incubated with chloroform for 5 min
and then rinsed in 96% ethanol. Sections were air dried ready for
hybridisation. Probes were diluted in 50% formamide + 10% dex-
tran sulphate + 0.5 × SSC + 1 µg/ml surgle-stranded (ss)DNA and
100 µl probe added to each slide, which was then covered with a
coverslip. Slides were heated to 63°C for 7 min and hybridised at
55°C for 3 h. They were washed with 0.05 × SSC at 60°C for 1 h,
with several changes of buffer. Slides were washed for 1 min in
PBS containing 0.25% tween, and were used for immunological
detection as previously described [20]. Briefly, slides were incu-
bated with monoclonal anti-digoxin (diluted 1:250 in PBS contain-
ing 0.5% blocking reagent: Boehringer Mannheim) for 1 h, washed
in 0.005% Tween-20 in PBS for 15 min and incubated with bi-
otinylated rabbit anti-mouse IgG F(ab′)2 diluted 1:500 in 0.5%
blocking reagent in PBS for 30 min. Slides were washed as before,
and incubated with sABC-HRP diluted 1:200 in 0.5% blocking
reagent for 1 h. Slides were rinsed in PBS and peroxidase activity
was detected with 50 mM TRIS-HCl pH 7.6 containing 0.2 mg/ml
DAB, 0.12% NiSO2(NH2)2SO4 and 0.03% H2O2. Slides were coun-
terstained with haematoxylin and mounted with coverslips using
DePex (BDH, Poole, UK). Hybridisation with the sense probe or
pretreatment of sections with RNase served as negative controls.

Results

Specificity of polyclonal antibody RP21

Because RP21 is polyclonal it is potentially cross-reac-
tive. We, therefore, tested it for recognition of purified
MMP-1, -2, -3, -7 -9 and -12 by Western blot. Figure 1
shows that RP21 recognised MMP-7 but showed insignif-
icant recognition of the other MMPs tested.

Neuropathological evaluation

To evaluate MS lesion activity and histological character-
isation of the investigated tissue samples, cryostat sec-
tions from all MS samples were histochemically stained
with H&E, ORO and immunohistochemically with KP1,
LCA, HLA-DR/DQ (OKIa) and GFAP antibodies. Con-
forming the classification described by Bo et al. [4, 5]
four MS lesions from the brain and two from the spinal
cord were identified containing abundant phagocytic
macrophages and were classified as active demyelinating
(cases S136, S115 and S116) (Fig. 2A–D), and two MS le-
sions from the brain had a hypocellular centre and hyper-
cellular rims and were classified as chronic active de-
myelinating (case S276) (Fig. 2E,F). In normal control
brain no inflammatory cells were detected.

MMP expression

In normal white matter derived from control cases, a weak
immunoreactivity for MMP-7 was detected only in mi-
croglial-like cells distributed throughout the white matter
(Fig. 3A). In active demyelinating MS lesions, however, a
very strong immunoreactivity for MMP-7 was found in
parenchymal macrophages distributed throughout the cen-
tre of the lesion (Fig. 3B). Immunoreactivity for MMP-7
was detected in microglial-like cells located at the edge of
the demyelinated regions, and immunoreactivity became
weaker with distance away from the leading edge of the
lesion (Fig. 3B). In adjacent sections the parenchymal
macrophages that were distributed throughout the lesion
site were immunoreactive for KP1, confirming their
macrophage phenotype (Fig. 3C). MMP-7-immunoreac-
tive cells were also found in perivascular cuffs (Fig. 3D)
in active demyelinating lesions. Finally, a small popula-
tion of cells that were KP1 negative and had the morphol-
ogy of reactive astrocytes stained weakly positive for
MMP-7 in active demyelinating MS lesions at the edge of
the lesion (not shown). In adjacent sections the identity of
astrocytes was confirmed by GFAP staining (not shown).
In chronic active demyelinating MS lesions a few
parenchymal macrophages, still present in the lesion, were
weakly immunoreactive for MMP-7 (not shown). No sig-
nificant immunoreactivity was observed in any of the
above tissues when RP21 antisera had been preabsorbed
with purified recombinant MMP-7 (not shown). In addi-
tion, no significant MMP-7-immunoreactive cells could
be detected in tonsil or spleen, indicating that antibody
RP21 does not aspecifically bind to macrophages (not
shown).

No significant MMP-9 immunoreactivity was found in
normal white matter of control cases (Fig. 4A). In active
demyelinating MS lesions the number and intensity of
positively stained cerebral blood vessels was significantly
increased (Fig. 4B). The expression of MMP-9 was de-
tected in leukocytes within the lumen of the blood vessels,
and also within endothelial cells (Fig. 4C). Perivascular
infiltrates were not immunoreactive for MMP-9 (see also
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Fig. 1 Western blot demonstrating that RP21 polyclonal antisera
is specific for MMP-7 (lane D) but shows minimal cross-recogni-
tion of MMP-1 (lane A), -2 (lane B), -3 (lane C), -9 (lane E) and 
-12 (lane F) (MMP matrix metalloproteinase)
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Fig. 4C). MMP-9 immunoreactivity was found in red pulp
macrophages in spleen, whereas only blood vessels were
immunolabelled in tonsil (not shown).

To confirm the immunohistochemical staining results
of MMP-7, we also carried out non-radioactive ISH on
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Fig. 2A–F Cryostat sections from active (cases S115/S136) and
chronic active demyelinating MS lesions (case S276). A ORO
staining of an active demyelinating MS lesion. Degraded lipid was
detected in the parenchymal macrophages (arrows). B Immunohis-
tochemical staining of an active demyelinating MS lesion with a
macrophage-specific mAb KP1 (CD68). Strong immunoreactivity
for KP1 was detected in perivascular and parenchymal (foamy)
macrophages (arrows; PI perivascular infiltrate). C Immunohisto-
chemical staining of an active demyelinating MS lesion with a
leukocyte-specific mAb LCA (CD45). A perivascular cuff con-
taining lymphocytes with strong immunoreactivity for LCA (ar-
rows). Moderate immunoreactivity for LCA was detected in
parenchymal macrophages (arrowheads). D Immunohistochemi-
cal staining of an active demyelinating MS lesion with an MHC
class II -specific mAb OKIa (anti-HLA-DR/DQ). Strong im-
munoreactivity for OkIa was detected in perivascular infiltrates
(arrows) and in parenchymal macrophages (arrowheads). E ORO
staining of a chronic active demyelinating MS lesion. Residual
ORO reactivity in parenchymal macrophages in the lesion center
was detected. F Immunohistochemical staining of a chronic active
demyelinating MS lesion with KP1 mAb. Fewer KP1-positive
parenchymal macrophages were detected in the lesion center,
whereas in the hypercellular rim abundant KP1 immunoreactivity
was present in macrophages (arrowheads; LC lesion center, HR
hypercellular rim) (MS multiple sclerosis, ORO Oil Red O, LCA
leukocyte common antigen). A–E × 200, F × 100

F

Fig. 3A–D Cryostat sections from normal white matter (case
S283) and an active demyelinating MS lesions (case S136). A Im-
munohistochemical staining of normal white matter with an MMP-
7-specific pAb. Weak immunoreactivity was detected in mi-
croglial-like cells (arrows). B Immunohistochemical staining of
the edge of an active demyelinating MS lesion with an MMP-7-
specific pAb. Strong immunoreactivity was detected in parenchy-
mal macrophages within the MS lesion site (LS; arrowheads). The
immunoreactivity for MMP-7 in the microglial-like cells became
weaker with distance from the lesion site. C Immunohistochemical
staining of the edge of an active demyelinating MS lesion with
strong KP1-positive parenchymal macrophages within the MS le-
sion site (arrowheads). The immunoreactivity for KP1 in the mi-
croglial-like cells became weaker with distance from the lesion
site. D Strong immunoreactivity for MMP-7 was detected in
parenchymal macrophages within a perivascular cuff (arrow-
heads) and in the surrounding tissue (arrows) within an active de-
myelinating MS lesion (pAB polyclonal antibody). A–C × 200, 
D × 400



control brain tissue and on active demyelinating MS le-
sions to analyse mRNA expression. In normal white mat-
ter of control cases and in white matter outside MS lesions
a punctate labelling of microglial-like cells could be de-
tected (Fig. 5A,B). In active demyelinating MS lesions
expression of MMP-7 mRNA was found in parenchymal
macrophages (Fig. 5C) and in perivascular infiltrates con-
taining foamy macrophages (Fig. 5D). No significant
staining was observed either when the sense probe was
used (Fig. 5E, F) or when the tissue was pretreated with
RNase (not shown), indicating that the mRNA MMP-7 la-
belling is specific.

Discussion

In this study we have made the novel observation that
there was a very strong immunoreactivity for MMP-7 in
parenchymal macrophages distributed through active de-
myelinating MS lesions compared with normal white mat-
ter CNS tissue. We have previously observed an increase
in MMP-7 mRNA expression of over 500-fold in rat
spinal cord during EAE, with MMP-7 immunoreactivity
largely restricted to the invading mononuclear cells within
perivascular lesions in the spinal cord [9], thus supporting
the data presented here. The expression of MMP-7 by
parenchymal macrophages in active demyelinating MS le-
sions has not been previously reported. It is known to be
expressed in peripheral blood monocytes [39] and also in
infiltrating monocytes in cystic fibrosis [7]. From their re-
sults, Busiek et al. [7] suggested a role for MMP-7 in mi-
gration of activated monocytes within regions of acute in-
flammation. Our results clearly support this, especially
since we detected only low immunoreactivity for MMP-7
within macrophages in tissue where there is little or no in-
flammation, such as chronic active MS lesions, spleen and
tonsil.

Microglial-like cells were weakly positive for MMP-7
in control white matter brain tissue. However, within ac-
tive demyelinating MS lesions microglial-like cells
stained more strongly, particularly at the leading edges of
the lesion. This immunoreactivity became weaker with
distance away from the leading edge. The regulation of
MMP-7 in vivo is unknown, but the gene contains an ac-
tivator protein-1 (AP-1) binding site and a sequence ho-
mologous to transforming growth factor beta (TGF-β-in-
hibitory element [27]. TGF-β is associated with recovery
in EAE [21] and MS [32], and can inhibit chronic relaps-
ing EAE [31]. Low levels of immunoreactivity were also
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Fig. 4A–C Cryostat sections from normal white matter (case
S283) and an active demyelinating MS lesions (case S136). A Im-
munohistochemical staining of normal white matter with an MMP-
9-specific mAb. No staining of cerebral blood vessels was detected
(arrow). B Immunoreactivity for MMP-9 was detected in small
blood vessels in an active demyelinating MS lesion (arrowheads).
Strong immunoreactivity for MMP-9 of a blood vessel wall (ar-
rowhead) containing an MMP-9-positive leukocyte (thick arrow)
present within the lumen. Foamy macrophages within the perivas-
cular infiltrate are MMP-9-negative. A,B × 200, C × 400
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Fig. 5A–F Cryostat sections from normal white matter (case
S283) and an active demyelinating MS lesions (case S136). A
MMP-7 mRNA expression in normal white matter using an MMP-
7 antisense probe in non-radioactive ISH. Punctate staining was
detected in microglial-like cells (arrowheads). B MMP-7 mRNA
expression near an active demyelinating MS lesion. Punctate stain-
ing was detected in microglial-like cells (arrowheads). C MMP-7
mRNA expression in an active demyelinating MS lesion. Punctate

staining was detected in parenchymal macrophages (arrows) and
D in perivascular infiltrates containing macrophages. E Non-ra-
dioactive ISH of an active demyelinating MS lesion using an
MMP-7 sense probe. No significant staining was detected. F A
higher magnification of E showing no staining of perivascular
(foamy) macrophages using the sense probe (ISH in situ hybridis-
ation). A–C, E × 200, D, F × 400



observed in cells with the morphology of reactive astro-
cytes at the edge of active demyelinating MS lesions but
not in control brain tissue. The identity of these cells as
astrocytes was confirmed by GFAP staining of adjacent
sections.

The anti-MMP-7 antisera that we used was polyclonal
and we carried out additional controls to show that the
above observations were not due to cross-reactivity of the
antisera. Firstly, RP21 did not recognise five other puri-
fied MMPs (MMP-1, -2, -3, -9 and -12) by Western blot.
Secondly, pre-absorbtion of RP21 with purified recombi-
nant MMP-7 completely removed the immunoreactivity
described above. These data indicate that the immunore-
activity presented here is due to specific recognition of
MMP-7 by RP21.

We observed an increase in the intensity and number of
blood vessels that were positively stained for MMP-9 in
active demyelinating MS lesions compared with control
tissue white matter. The expression of this enzyme ap-
pears to be within monocytes, granulocytes, and possibly
neutrophils, which express high levels of MMP-9 and
neutrophil collagenase [18] and store them in intracellular
granules: the enzymes can be activated upon release from
the cells [11]. Staining of endothelial cells was also very
strong in MS lesions compared with control tissue white
matter. Others have seen expression of this enzyme by en-
dothelial cells in vitro [17] and in normal and MS white
matter [24]. MMP-9 is thought to be an intermediate in
TNF-α-induced opening of the BBB [36] and might be in-
volved in migration of activated T cells into the CNS [23].
Thus, up-regulation of the enzyme, particularly in blood
vessels adjacent to perivascular cuffs, is consistent with
MMP-9 being involved in breakdown of the BBB in MS.

The lack of MMP-9 immunoreactivity within paren-
chymal macrophages in active demyelinating MS lesions
was surprising because macrophages are known to ex-
press it [41] and others have detected it in macrophages,
microglia and astrocytes in MS [13, 24]. These contradic-
tions might be due to differential recognition by the anti-
bodies of alternatively glycosylated forms of MMP-9.
Another explanation might be that the polyclonal antibod-
ies used by others are cross-reactive.

MMP-7 expression in microglial-like cells in normal
brain tissue sections and outside active demyelinating le-
sions, and in parenchymal macrophages in active de-
myelinating lesions, was confirmed using non-radioactive
ISH. We did not observe staining of astrocytes using ISH,
even though these cells were weakly immunoreactive for
MMP-7. A possible explanation is that the level of MMP-
7 mRNA is too low to be detected by this method.

Our results show the enhanced expression of MMP-7
and MMP-9 in active demyelinating MS lesions, although
the activation state of these enzymes and whether they are
complexed with their natural inhibitors, tissue inhibitors
of MMPs (TIMPs), is unknown. In comparison with other
known MMPs, MMP-7 does not have a hemopexin-like
domain which is involved in substrate specificity and
TIMP binding and as a consequence it interacts poorly
with TIMPs [1]. MMP-7 also has potent and a broad spec-

trum of proteolytic activity against a number of extracel-
lular substrates, including proteoglycans [19] which are a
major constituent of the extracellular matrix (ECM) of the
CNS [34], myelin [8] and TNF-α [12]. It could, therefore,
play a crucial role in the development of MS lesions by
one (or more) of several mechanisms, namely degradation
of the CNS ECM, proteolysis of myelin, activation of TNF-
α and generation of encephalitogenic peptides. MMP-9
might be involved in breakdown of the BBB and migra-
tion of T lymphocytes into the CNS. Therefore inhibition
of one or both of these enzymes might be of therapeutic
value in MS.
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