
of MMPs, suppress the migration of
endothelial cells (which line blood vessels)
and angiogenesis1–4. Together, these findings
provided the rationale for treating cancer
with synthetic compounds that, like TIMPs,
block MMP activity — a formidable effort in
which the pharmaceutical industry has
invested at least a billion dollars over the past
20 years.

But matters are rarely straightforward
when it comes to living organisms. For
starters, MMPs have a much broader spec-
trum of targets than originally believed,
including other proteinases, proteinase
inhibitors, latent growth factors, cell-surface
receptors and clotting factors1–4. Moreover,
MMPs have diverse — and often opposing
— effects on angiogenesis. For instance, they

can stimulate angiogenesis by cleaving
matrix components and releasing growth
factors that are sequestered in the matrix
(such as VEGF), exposed on cell membranes
or bound to precursors. But they suppress
angiogenesis by processes that include 
activating cell-death pathways, generating
angiogenesis inhibitors, and inactivating
receptors for angiogenic molecules.

The dogma that TIMPs suppress angio-
genesis only by blocking MMP activity has
also been challenged, for example by the
finding that a synthetic MMP inhibitor,
batimastat, does not impair endothelial-cell
growth7. And some unexpected roles for
TIMPs have been discovered: for instance,
TIMP-1 actually stimulates VEGF-driven
angiogenesis, and TIMP-3 blocks angiogen-
esis by preventing VEGF from binding to its
receptor8.All of this may help to explain why
synthetic MMP inhibitors have not lived up
to expectations, and have been plagued with
undesirable side effects.

The TIMP studied by Seo et al.5 is TIMP-2,
which is perhaps the most biologically rel-
evant angiogenesis inhibitor of this family,
as it most consistently blocks endothelial-
cell migration and proliferation. How does it
do this? More than a decade ago, Stetler-
Stevenson et al.9 identified this protein as an
inhibitor of MMP-mediated proteolysis;
they later showed10 that transferring the
TIMP-2 gene into tumours inhibits angio-
genesis. At the time, it seemed likely that it
does this through its effects on MMPs. But
later studies showed that TIMP-2 can down-
regulate VEGF expression11. And recently,
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Figure 1 Blocking blood-vessel growth: how TIMP-2 does it. TIMP-2 inhibits matrix
metalloproteinases (MMPs), and it has been assumed that it is this activity that predominantly
underlies its ability to prevent blood-vessel growth (angiogenesis). But Seo et al.5 find otherwise.
a, On endothelial cells (those that line blood vessels), when the receptors for vascular endothelial
growth factor (VEGF) and fibroblast growth factor-2 (FGF-2) bind these molecules, they self-
phosphorylate (P). This sets off a series of intracellular events that triggers angiogenesis. Here, �3�1

integrin is associated with protein tyrosine phosphatases. b, When TIMP-2 binds to 
�3�1 integrin, the phosphatases dissociate, and then reassociate with the VEGF and FGF-2 
receptors. The phosphatases dephosphorylate the receptors, silencing them and thereby 
switching off angiogenesis.

Proteins or neurotransmitters that
are synthesized in one part of a cell
yet needed in another usually catch
the intracellular train: the molecules
snuggle up inside vesicles that are
then moved along microtubule
tracks by motor proteins. Stefan
Diez and colleagues have tapped
into this transport system to
mechanically manipulate DNA
molecules and explore the potential
of the cell’s molecular transport
machinery for engineering complex
nanostructures and nanocircuits
(Nano Lett. doi:10.1021/nl034504h;
2003).

In this work, biotin molecules 
at both ends of the DNA strands
facilitate binding to streptavidin
molecules, which are attached to
the microtubules. When solutions 
of the microtubules are exposed 
to surfaces coated with kinesin
motor proteins, the kinesin motors

attach to the DNA-carrying
microtubules and slide them along
the surface. This sequence of
images shows five green-
fluorescing DNA molecules,
condensed into 1-�m-wide coils,
hitching a ride on a gliding red-
fluorescing microtubule. When the
pH of the solution is lowered, some
DNA strands bind at one end to the
surface; the other end can attach
itself through the biotin–streptavidin
linkage to a passing microtubule,
and the DNA is stretched until it

detaches from the surface or breaks.
Using surfaces with high surface

densities of kinesin, up to 100 
motor molecules interact with a 
5-�m-long microtubule and power
it along. But at much lower motor
densities, the power output of
individual kinesin motors barely
suffices to stretch a coiled-up 
DNA strand: surface-anchored 
DNA can then act as a leash to 
stop microtubule movement or 
force it onto a circular path.

Diez et al. point out that

improved control might be 
achieved by using surfaces 
that have predefined gliding 
tracks to transport DNA 
between contact points in an 
array. By tailoring the sequence 
of the DNA molecules and
employing restriction enzymes,
unwanted connections could be 
cut out. Once such a system is 
in place, cargo other than DNA 
— such as functionalized carbon
nanotubes — should be able to 
join the train. Magdalena Helmer

Biophysics
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