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What are the major trends behind
advances in molecular medicine?
Weissleder: The primary trend is that as
imaging and in vitro technologies improve,

we will detect diseases earlier and ensure that
they won't turn into something life threatening
further down the line. Other major trends are
that diagnostics and therapeutics will gradually
be combined and that therapies will become
less and less invasive. Much of this is in turn
being driven by what we call systems biology.
This is an emerging research field that aims at
understanding how cells work together in
complex environments.

In other words, analyzing the molecular
mechanisms that drive them?
Weissleder: Yes. If you were a cancer re-
searcher and you wanted to know what makes
a cancer cell different from a normal cell, you
would look at differences in molecules. But
cancers are much more complex than that.
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peritoneum or lungs, and get pathology-grade
images without having to resect anything.

How does that work?

Weissleder: It functions essentially like a
microscope at the tip of a fiber optic catheter.
The device sees cells based on the application
of a fluorescent imaging agent that differen-
tiates cancer cells from normal cells. Such
generic imaging agents bind to whatever
makes a cancer cell different from a normal
cell — things like growth factor receptors or
signaling molecules on the cell surface. The
good news is that these compounds already
exist. The bad news is that it may take years
for them to reach clinical practice.

A minute ago you mentioned the ability
to do in vivo pathology. Will there
eventually be probes that will be able
to deliver the kind of information now
available only with a biopsy?

Tomorrow’s
Treatments

Their constituent molecules change over time
and are related to each other. So what systems
biology attempts to do is to understand all

of the 20,000 to 30,000 types of molecules
related to a cancer cell —in other words, its
entire physiology. By the way, this approach
has implications for cardiovascular diseases,
neurological conditions, degenerative diseases,
autoimmune diseases, and of course cancers.
The bottom line is that eventually this field
will allow us to develop drugs much more
efficiently.

What are the most promising fields of
R&D in molecular medicine?

Weissleder: Nanotechnology and related im-
aging agents and diagnostic agents and sen-
sors. Many new compounds and applications
are in the pipeline. Optical imaging and sens-
ing are also really hot because we can now
do in vivo pathology. So, for example, we can
now put a fiber optic line into a mouse colon,

Weissleder: Yes. In the future, an option will
be to insert a needle into a cancer. The needle
will have 20 or so multiplexed sensors on it.
The sensors will be able to describe the molec-
ular makeup of the cancer in terms of multiple
channels. We've all heard of the lab-on-a-chip
concept; but this is a lab-on-the-point-of-a-
needle concept. The sensors will tell you
things like whether the cancer will respond
best to therapy X or Y.

What are you working on with Siemens?
Weissleder: One project is a data mining
product called the Molecular Imaging Portal.
Itis a platform to archive, integrate, and ulti-
mately make optimal use of experimental and
clinical data, including gene expression data.
We are also working on next-generation mo-
lecular markers for combined PET/CT imaging.
On the MR side, we are working on refinements
— in particular the detection of magnetic nano-
particles with improved spatial resolution and



diagnostic sensitivity. One of the most exciting
projects is a fluorescent probe that could be
used in combination with an intraoperative
imaging system that Siemens has developed.
This could help surgeons to detect cancer cells
that might otherwise be left behind. The probe
is a molecule that is taken up exclusively by
cancer cells. It appears to be generic and
therefore does not need to be designed for a
specific cancer cell type. Once the probe has
been injected, it basically lights up any cancer
cells. The surgeon then uses a handheld device
that allows him to see the area of interest at a
different wavelength, which shows any residual
cancer cells. The resolution is close to a milli-
meter — good enough for brain surgery. It is
still a year or two from clinical trials, but it's
revolutionary.

What will molecular imaging and treat-
ment look like by 2025?

Weissleder: Number one, we will be able to
detect diseases much, much earlier than is
possible today. For example, with Alzheimer’s,
we will be able to detect it when the first signs
of memory loss occur, and be able to slow its
progression. With type 1 diabetes, we will be
able to detect it when the initial inflammation
occurs and before loss of islet cells takes place.
With cancers, we will be able to detect them
when they are less than five millimeters —in
other words when they are still curable. There
will be a shift toward earlier detection and
much more successful treatment. Number
two, we will be able to tailor treatments to the
patient. We will be able to determine if a given
drug works for a given patient, and if so, at
what dose level. Today, we do one size fits all.
The capability to personalize treatment will
result from a growing body of genetic and
imaging knowledge. Tests will be developed
to figure out whether a certain drug actually
inhibits a certain target.

Will all of this add up to a healthcare
revolution?
Weissleder: Over the last ten years we fo-
cused on the development of the technology
that allows us to profile the entire genome.
Now we need to create an atlas of what the
genome looks like in different cohorts of pa-
tients and with different diseases — that's
where our Molecular Imaging Portal fits in.
And then we will have to figure out what all
of it means clinically. But somewhere down
the road we will see a healthcare revolution,
and it will be characterized by early detection,
personalized care, and some pretty amazing
new treatments.
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