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Challenges of Conventional MRI

Conventional MR relies
on the tiny magneti- | f
zation of abundant e
molecules and works

only because the body is made up

of 70% water. The images created
from the radio signal that hydrogen
nuclei emit after excitation carry
anatomical and functional information
but give rather limited insights into the
molecular microenvironment that differ-

entiates tumor from healthy tissue.
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Molecular Hosts as Switchable Spin Gates

Molecular host struc-
tures are investi-
gated for tran-
sient trapping of
highly  polarized
129Xe spins. The spin
polarization can be selec-
tively destroyed and reveals rather
dilute and "hidden™ molecular structures
through highly efficient chemical ex-
change with unbound Xe.

Some of these hosts can be functional-
ized with a tergeting unit
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The most significant limitations are: . ~censOr Con (€.9., an antibody) that ) |
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| molecular re- \ relies on the enables

* water Is not tumor porters to track concept that we MRI scans with switch-
specific specific markers detect either ac- able contrast.

* a tumor at initial like cell surface tively driven or in-

diagnosis typically
measures 1 cm iIn
size and contains
1 billion cells

glycans or transmem-
brane proteins in deep W
tissue. This visualizes

In the tissue water signal.

tumor-specific alterations before
these would cause any changes

trinsic changes that

P the magnetization ex-
periences upon enetring a
specific molecular environment.

Methods are primarily developed
for 'H, °Xe, and °F MRI.

To achieve outstanding sensitivity, we make optimum use of the spin-
— carrying units. Hyperpolarization is an emerging technique that provides
10%-fold enhancement of the magnetization. We combine this with
another 10°-fold boost from chemical exchange saturation transfer
(CEST). This enables HyperCEST MRI with sensors that sponta-
neously self-assembe in situ to track targets beyond the limited
lifetime of hyperpolarization.
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\y We apply time-resolved MRI relaxometry

that exploits distinct relaxivities of Gd** in

different molecular environments. Opposing indirect impacts

of alternative chelators like polysaccharides on increasing

the kinetic stability but reducing the thermodynamic stability
of GBCAs could be identified.

Molecular Interactions of Paramagnetic Ions
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spins. These are brought in contact with “°Xe to

obtain a strongly magnetized, harmless noble gas outside
the MRI magnet. This can be dispersed into solutions or be
delivered via lung inhalation. Such hyperpolarized '*Xe in
solution can be detected at ca. 1.8-million-fold dilution
compared to water protons used in conventional MRI.
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Hyperpolarized Spin Systems
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