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Matrix metalloproteinase 9 
as a marker of disease activity 
in multiple sclerosis

Matrix metalloproteinase 9 (MMP9) levels 
in serum and cerebrospinal fluid (CSF) are 
known to be elevated in patients with multiple 
sclerosis; these patients also have lower than 
normal levels of tissue inhibitor of metallo-
proteinase 1 (TIMP1), an inhibitor of MMP9. The 
MMP9:TIMP1 ratio has been proposed as a 
biomarker of multiple sclerosis activity. Fainardi 
et al. measured MMP9 activity and TIMP1 
levels in 61 consecutive patients with multiple 
sclerosis; patients with other neurological 
disorders acted as controls.

Mean CSF levels of active MMP9, CSF MMP9:
TIMP1 ratios, and intrathecal MMP9 synthesis 
were substantially higher in patients with multi-
ple sclerosis than in those with non inflammatory 
neurological disorders. The serum MMP9:
TIMP1 ratio was higher in patients with multiple 
sclerosis and in those with other inflammatory 
disorders than in patients with noninflamma-
tory disorders. Patients with clinical and MRI 
evidence of active disease had higher serum 
levels of active MMP9, higher serum MMP9:
TIMP1 ratios and higher intra thecal produc-
tion of active MMP9 than patients with stable 
disease, but CSF levels of active MMP9 and 
CSF active MMP9:TIMP1 ratios were elevated 
only in patients with gadolinium-enhancing 
lesions on MRI. 

The results suggest that high CSF levels of 
active MMP9 are selectively associated with 
multiple sclerosis, while high serum MMP9 is 
also found in other inflammatory neuro logical 
disorders. CSF and serum ratios of active 
MMP9 to TIMP1 are an important indicator of 
disease activity, with high CSF levels of active 
MMP9 associated with more-severe disease.

Original article Fainardi E et al. (2006) Cerebrospinal fluid 
and serum levels and intrathecal production of active matrix 
metalloproteinase-9 (MMP-9) as markers of disease activity 
in patients with multiple sclerosis. Mult Scler 12: 294–301

Dystrophin expression in 
muscle after injection of donor 
myogenic cells

Researchers in Canada have evaluated the effect 
of the implantation of donor muscle precursor 
cells (MPCs) on the expression of dystrophin 

in patients with Duchenne muscular dystrophy. 
In nine patients, cultured MPCs from a parent 
were injected at 1–2 mm intervals into a 0.25 cm3 
or 1 cm3 section of a tibialis anterior muscle. 
Control injections of saline were administered 
to the contralateral muscle of each patient. 

Muscle biopsies taken 4 weeks after MPC 
implantation revealed expression of donor 
dystro phin in eight patients, with the percentage 
of myofibers expressing dystrophin varying from 
3.5% to 26%. In addition to hybrid myo fibers 
resulting from fusion of MPCs with existing 
fibers, small sections of entirely dystrophin-
positive fibers, resulting from fusion of implanted 
MPCs with one another, were detected. 

Previous attempts to induce dystrophin 
expression by MPC implantation in patients 
with muscular dystrophy have produced 
dis appointing results. The authors state that 
a high density of injections is necessary for 
successful implantation, as MPCs do not 
diffuse from the injection site but fuse with 
fibers reached by the injection; fusion with fibers 
might also be assisted by damage caused by 
the injections. Previous studies used immuno-
suppressive agents such as ciclo sporin or cyclo-
phosphamide, which can damage implanted 
cells; the present study used tacrolimus, which 
seemed effective in preventing graft rejection in 
most cases, although substantial lymphocyte 
infiltration of the graft site was observed in two 
patients. Monitoring the immune response 
by comparison of graft and control sites is 
important, say the authors.

Original article Skuk D et al. (2006) Dystrophin expression 
in muscles of Duchenne muscular dystrophy patients after 
high-density injections of normal myogenic cells. 
J Neuropathol Exp Neurol 65: 371–386

Electrophysiological parameters 
might be useful markers 
of HD progression

Huntington’s disease (HD) affects a wide variety 
of motor, cognitive and behavioral functions. 
Patients generally deteriorate over time, but as 
disease course varies widely it has been diffi-
cult to establish scales for longitudinal follow-
up studies. Currently available scales such as 
the Unified Huntington’s Disease Rating Scale 
(UHDRS) are time-consuming to use and partly 
subjective. Electrophysiological alterations 
have been described in HD, however, and 

Nature  Publishing Group ©2006


	Dystrophin expression in muscle after injection of donor myogenic cells


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice




