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MMP inhibitors ameliorate BBB disruption 
and reperfusion injury experimentally induced 
by tissue-plasminogen activator (tPA), a drug 
commonly used to break up blood clots dur-
ing an ischemic stroke that also increases risk 
of bleeding9. The white matter and neurons 
in mice deficient in MMP-9 seem to be pro-
tected from focal ischemic insult and delayed 
cell death after global ischemia8,10. In addi-
tion, clinical studies have shown that increased
plasma MMP-9 levels correlate with poor
neurological outcome and hemorrhagic
complications after tPA therapy for stroke11.

Such findings have fueled interest in the 
development of therapies with MMP inhibi-
tors to control tPA-mediated hemorrhage. No 
clinical trials are underway, in part because of 
side effects seen with MMP inhibitors in cancer 
trials. But stroke trials are designed acutely and 
the side effects seen with chronic administra-
tion of MMP inhibitors for cancer may not pose 
the same problems for stroke patients.

The study of Zhao et al. call for a re-evalu-
ation of MMP inhibition after stroke. The 
emphasis on MMP inhibition could fall by 
the wayside in favor of approaches that instead 
increase MMP-9 activity later after stroke.

Zhao et al. performed experiments in a stan-
dard rat model of ischemic stroke, in which the 
middle cerebral artery is transiently occluded. 
The authors observed a differential cell-specific
redistribution of the MMP-9 signal from 
one to 14 days after stroke. Within 24 hours, 
most of the MMP-9 appeared in brain endo-
thelium, but at 7 to 14 days, the MMP-9 signal 
shifted to the periphery of cortical infraction 

and was associated mainly with neurons and 
astrocytes.

By using the surrogate markers of neuronal 
plasticity and vascular regrowth, the authors 
next showed that inhibition of MMP-9 between 
7 and 14 days after stroke resulted in substantial 
reductions in the number of neurons and new 
vessels participating in neurovascular remodel-
ing. Moreover, loss of neurons and new blood 
vessels in response to delayed postischemic 
inhibition of MMP-9 correlated with increased 
brain injury and cavitation after 14 days.

The authors next asked why late inhibi-
tion of MMP-9 was detrimental. Did MMP-9 
inhibition block ECM remodeling, cytokine 
and chemokine homeostasis, or processing of 
biologically active growth factors? Zhao et al. 
favor the latter explanation. They found that 
MMP-9 inhibition prevents activation of vas-
cular endothelial growth factor (VEGF), which 
has an important role during neurovascular 
repair after stroke12. Moreover, they showed 
that intracerebroventricular treatment with 
recombinant human VEGF offset the detri-
mental effects of MMP-9 inhibition 14 days 
after stroke. VEGF can promote the BBB leak-
age during an acute phase of stroke, but sys-
temic administration of recombinant VEGF 
during a repair phase does not disrupt the 
BBB12, consistent with the present findings.

What did we learn from this new study? First, 
there is an important temporal and spatial 
redistribution of MMP-9 within the cells of the 
neurovascular unit after ischemia. This redis-
tribution likely reflects the dual role of MMP-9
in stroke—the pathological role mediating

disruption of the BBB, neuronal cell death and 
hemorrhage early after stroke, and the ‘healing’ 
role mediating brain regeneration and neuro-
vascular remodeling during a repair phase (Fig. 1).
Second, the therapeutic window for MMP-9 
inhibition after stroke seems to be narrower 
than previously thought and may not extend 
beyond 24 hours. Third, a delayed inhibition of 
MMP-9 exacerbates stroke pathology.

These new findings raise several questions. 
For example, will enhancing endogenous 
MMP-9 activity in peri-infract areas improve 
brain regeneration? Again, the answer to this 
question may not be simple, as previous stud-
ies have shown that exogenous MMP-9 kills 
cultured neurons6, whereas present findings 
indicate that MMP-9 supports in vivo brain 
repair1. Follow-up studies with exogenous 
MMP-9 and perhaps in MMP-9–null mice 
should provide us with a better insight into 
how to take advantage of the ‘good’ side of 
MMP-9 during repair after stroke.
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Remodeling in the kidney
Inhibition of matrix metalloproteinases (MMPs) may provide a 
treatment for a rare inherited kidney disease, Alport syndrome, 
suggests a study by Michael Zeisberg et al. (PLoS Medicine 3, e100; 
2006). But, as with stroke, the trick might be when to apply the drugs 
(see “Remodeling after stroke”, Nat. Med. 12, 390–391; 2006).

The disease is due to mutations in genes encoding the chains of 
type IV collagen. These mutations have been proposed to increase 
susceptibility of the basement membrane of the glomerulus, a filtering 
structure, to digestion by MMPs. The new findings support that view.

In a mouse model of the disease, the researchers found that 
inhibition of MMPs early in the disease, before the buildup of proteins 
in the urine, eased symptoms. Inhibition of multiple MMPs may be 
crucial, as mice deficient in only one MMP can upregulate another 
MMP (shown is a glomerulus in a MMP-9–deficient mouse. MMP-2, 
in green, is upregulated. Extracellular matrix is in red). In contrast, 
inhibition of MMPs at later stages of disease exacerbated symptoms.

The researchers propose that at early stages MMPs help break down 
the the basement membrane, and that at later stages they may help 
remove extracellular matrix associated with scarring and fibrosis.

by Charlotte Schubert
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