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ESTABLISHING METHODS
FOR MEDICAL IMAGING
AND RESEARCH:

COLLABORATIVE RESEARCH
CENTRE 1340

As medicine progresses, new techniques are needed to visualise

abnormal extracellular structures with greater specificity and

resolution. Currently, there is a clear lack of molecular tools to

image extracellular structures with the detail needed for early

diagnosis of various medical conditions. Based at the Charité -
Universitatsmedizin Berlin, the Collaborative Research Centre 1340

represents a large collaboration of researchers from institutions

across Berlin, who are working to establish new methods for

medical imaging and research at the anatomical and molecular

levels.

Developing New Imaging Probes to
Better Understand Disease

In medical imaging, techniques such

as magnetic resonance imaging use
agents that enhance contrast for clearer
and more effective images. However,
these substances are in most cases
non-specific. Disease-specific imaging is
needed to improve treatment planning

and to improve the assessment of the
course of aniillness during therapy.
However, very few specific agents or
probes have been approved for clinical
imaging in the last 30 years.

The Matrix in Vision Collaborative
Research Centre (CRC) has brought
together different researchers from
across Berlin. Specialising in various
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areas of biochemistry, physics and
medicine, the researchers focus on

the establishment of novel imaging
techniques targeting the extracellular
matrix (ECM). This is critical due to the
role of the ECM in the development and
progression of disease, as we will now
consider.

The Extracellular Matrix

Most of the recent imaging agents

and probes have been components
that bind to the cell surface. After

the cell surface, the ECM is the next
important tissue component that

can be targeted by differentimaging
techniques. The ECM mainly determines
the biomechanical properties of tissue
and is, therefore, a suitable target for
molecular and biophysical imaging
approaches.

The ECM functions as a scaffold in

which cells of the tissues and organs of
the body are embedded. In addition to
providing structure, the ECM facilitates
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interactions between cells including
signal transduction between them,
cell migration, growth and cell death,
as well asimmunological functions. It
contributes to the regulation of pH as
well as hydration.

When tissues are inflamed, injured
orinvaded by tumours, the ECM is
involved in an adaptive response,
remodelling itself in defence. This
remodelling involves changes in
the ECM’s biochemical composition
and physiomechanical properties
(i.e., the rigidity or elasticity of the
scaffold). Due to the changes the
ECM undergoes in diseased tissue, it
is of interest as a target for in vivo (in
the body) imaging approaches for
the detection, characterisation and

imaging techniques.

monitoring of disease. The CRC focuses
on novel imaging techniques for the
characterisation of the ECM.

The main structural components of

the ECM include collagen, elastin and
glycoproteins/proteoglycans. Collagen
is a component of the skin, cartilage,
tendons, ligaments, and bones and
does not stretch much. When damage
occurs as a result of inflammation or
other trauma, the amount of collagen
in the tissue can increase and results in
fibrosis and scar formation, leading to a
decrease in tissue elasticity. The protein
elastin is a main component of the
blood vessel walls. Tissue inflammation
can lead to changes in the content of
elastin in the ECM.
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Proteoglycans (PGs) are a major
component of the ECM. PGs consist
of a core protein associated with
carbohydrate groups consisting of
glycosaminoglycans (GAGs). GAGs
have a strong negative charge, which
allows them to bind water and exert
an influence on tissue properties.

In different pathological processes,
including inflammation and tumour
invasion, the amount of one or more
of the different types of GAGs in the
ECM can be increased. An important
characteristic of the GAGs is their ability
to form complexes with positively
charged molecules.




Goals of the CRC

Inflammation and fibrosis occur in different diseases, such

as atherosclerosis (artery plaques), heart disease, multiple
sclerosis, and inflammatory conditions of the intestine and
liver. In all these diseases, changes in the ECM occur. The
long-term goal for the CRC is the development of new imaging
techniques for the characterisation of the ECM.

In heart disease, diabetes and hypertension, damage to the
heart leads to remodelling of the ECM, which includes the
increased formation of PGs and GAGs in order to regulate
inflammation, fibrosis, and new blood vessel formation. An
increase in collagen affects the biomechanical properties of the
heart muscle, leading to a more rigid tissue.

The ECM also plays a role in the central nervous system,
maintaining the structural integrity of the tissue through its
interactions with various nerve and inflammatory cells.
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In Crohn’s disease, GAGs and collagen can increase in inflamed
sections of the bowel wall, leading to fibrosis accompanied by
fibrosis of the bowel wall.

In the development of liver fibrosis and cirrhosis of the liver,
the composition of the ECM becomes impaired at an early
stage due to a change in the synthesis and degradation of ECM
components. The collagen content rises with the degree of
fibrosis, resulting in an increase in tissue rigidity. There is also
a distinct increase in a number of types of GAGs found in the
fibrotic liver.

The researchers at the CRC 1340 include experts in the fields

of diagnostic imaging, medical technology, nanotechnology,
cardiovascular disease, neurology, and internal medicine. The
group will investigate new imaging approaches for the imaging-
based characterisation of the ECM.
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Meet the researcher

Collaborative Research Centre 1340
Charité - Universitatsmedizin Berlin

Berlin

Germany

The Matrix in Vision Collaborative Research Center (CRC 1340)
is a branch of the German Research Foundation consisting of
a collaboration of 27 principal researchers from the Technical
University of Berlin, Max-Planck Institute of Colloids and
Interfaces, the National Metrology Institute of Germany, and
the National Institute for Material Research and Testing. With
a combined expertise encompassing many fields across
physics, cell biology and biochemistry, the researchers share
the common goal of investigating how different extracellular
matrix components can be targeted for in vivo imaging using
inflammation as a disease model. By experimenting with

in vitro and in vivo model systems, combining molecular
methods in radiology with new insights into how mechanical
tissue parameters affect the development of disease, the CRC
will investigate new molecular imaging probes and imaging
approaches for a variety of clinically relevant inflammatory
diseases.

SPOKESPERSON

Professor Bernd Hamm

E: bernd.hamm@charite.de

W: https://sfb1340.charite.de/en/

FUNDING

German Research Foundation (DFG)
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