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Laser Pulses for Cancer Detection
A team of physicists, molecular biologists, and medical researchers set out to use laser light
to analyse cells and exhaled breath as indicators of cancerogenesis, potentially providing a
risk-free and non-invasive method for early detection of cancer. The project complements the
existing research portfolio at the Center for Advanced Laser Applications (CALA) on the Garching Research Campus.

S

ome 2500 years ago, the
Greek physician Hippokrates recognized that gastrointestinal illnesses could
be detected by smelling the
patient’s exhaled breath,
and this ‘breathalyzer’ test
became a standard component of his diagnostic toolbox. His insights have not
been forgotten, and modern
medical diagnostics confirms that certain pathological conditions result in
changes in the composition
of the air we exhale.
However, the implications
of this age-old discovery
remain to be understood.
Physicians have yet to exploit it more robustly, largely because only very few
studies have correlated the
presence of specific substances in exhaled breath

The short pulse laser,
which was developed
at the Ludwig-Maximilians-Universität
Munich, sends out
100 million light pulses per second. These
pulses can be used
for the detection of
molecules in gases
and liquids. Photo:
Thorsten Naeser

with particular diseases and
the underlying physiological relationships are still
missing. Nevertheless, the
analysis of exhaled breath
has the potential to take
its place among medicine’s
armory of diagnostic techniques – provided that the
necessary analytical methods can be developed.
Such methods must be
particularly sensitive, as disease indicators are likely to
be present in exhaled breath
in extremely low concentrations, close to or below the
limits of detection by conventional mass spectroscopy or ion-mobility spectrometry.
Researchers in the Laboratory for Attosecond Physics
(LAP) at the Max Planck
Institute for Quantum Op-

tics (MPQ) and LudwigMaximilian‘s
University
(LMU Munich), the Technical University of Munich
(TUM), the Clinic of Anesthesiology and IntensiveCare Medicine at Innsbruck
University, and scientists
based at King Saud University in Riyadh (Saudi
Arabia) plan to utilize an
instrument that produces
trains of pulsed laser light
to look for the tell-tale signs
of abnormalities in exhaled
breath. The project will be
led by Dr. Ferenc Krausz,
Professor of Laser Physics
at LMU and a Director of
the Max Planck Institute
for Quantum Optics. The
team will analyze samples of exhaled breath and
living human cells using
pulses of infrared light las-

ting in the order of a few
femtoseconds. One femtosecond is equivalent to
one-millionth of a billionth
of a second! The project will
be based in the new Center
for Advanced Laser Applications (CALA), which is
under construction on the
Research Campus in Garching, at the outskirts of
Munich. „The project is specifically designed to explore
the possibility of developing
a non-invasive and risk-free
method for the early detection of cancer development
and neatly complements
CALA’s existing research
portfolio.” says Prof. Krausz.
Over the last few years,
much has been learned
about the changes in cellular metabolism that occur
during the early phases of
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tumorigenesis. All living
cells are dependent on the
uptake of chemical compounds such as sugars and
proteins, from which they
generate the energy they
need for their growth and
survival. This process involves a complex set of biochemical pathways, which
result in the production
of a wide range of organic
compounds – ‘metabolites’.
Tumor cells, on the other
hand, are known to rewire
their metabolism and additionally produce so-called
‘onco-metabolites’
that
drive cancer genesis. Some
of these onco-metabolites
are soluble molecules and
can diffuse – at least in a
laboratory when cells are
grown in culture – into the
liquid medium in which
cells are grown. Prof. Ferenc
Krausz and his colleagues
will systematically study
whether such onco-metabolites are present in the
bloodstream and exhaled
breath of cancer patients.
„We assume that exhaled
breath contains well over
1000 distinct molecular
species,” says LMU project
leader Dr. Alexander Apolonskiy. The researchers are
planning the detection of
these molecules on the basis
of their absorptional spectra. To do so, they irradiate
expired air with a train of
laser pulses. Different molecules absorb laser light in
different ways depending
on their structure, so that
their interactions with the
very short laser pulses provide specific fingerprints
from which one can iden-

tify the individual molecules concerned. “Using infrared light, with wavelengths
between three and thirty
micrometers, we can detect
a wide majority of the different molecules in exhaled
breath,” says Dr. Ernst Fill,
one of the physicists in the
team. The project is possible by complementation of
laser technologies available
in Munich, which is very
unique, for instance, the
laser required for the project was developed at the
LAP by Dr. Oleg Pronin
and his team. It is capable
of emitting extremely intense femtosecond pulses of
infrared light in the correct
spectral region at a rate of
nearly 100 million per second. Dr. Ioachim Pupeza,
another physicists involved
in the project, has already
used the system to carry out
preliminary spectroscopic
experiments. The laser will
now be employed for highsensitivity molecular spectroscopy of exhaled breath
and living human cells by
biophysicist Dr. Manuel
Pescher, and the data will
be analyzed by Dr. Michael
Trubetskov.
„We hope that the technique will enable us to find
certain specific molecules
in samples containing billions of other molecules
as well,” adds Dr. Veronika
Ruzsanyi of Innsbruck University Hospitals, who is a
specialist in the analysis of
exhaled breath. Whether
or not defined molecules
are causative for cancerous
onset and development will
be validated using biome-

„We hope that the technique will
enable us to find certain specific
molecules in samples containing
billions of other molecules“
Dr. Veronika Ruzsanyi

In previous experiments, scientists used human cell lines,
however in experiments to come, researchers will analyze
primary cells from patients. Both of the cells in the lower
section of the picture are dividing (mitosis). The cells are
nearly 30 micrometers long. Foto: Pescher/Hintermair

dical experimental model
systems. This is where molecular cell biologist Dr.
Mihaela Zigman from the
MPQ comes in. She will
be assisted by radiologist
Dr. Anna Friedl from the
Munich-Centre for Advanced Photonics (MAP) – an
Excellence Cluster – and
molecular biologist Dr. Angela Otto from the TUM’s
Central Institute of Medical
Technology (IMETUM), in
which laboratory the human cells will be cultured.
To assess the clinical significance of their findings, the
scientists will collaborate
with Prof. Dr. Jean-Marc
Nabholtz, Director of Can-

cer Research in the Department of Oncology at King
Saud University College of
Medicine in Riyadh.
The primary aim of this
collaborative project is to
detect specific pathological
alterations in living cells
and exhaled breath of cancer patients at an earliest
possible stage, as timing
of the cancerous diagnosis
significantly advances the
patient’s effective treatment
and prognosis. Hence, this
new project is directly relevant to human health with
wide potential for advancing cancer diagnosis and
cancer therapy.
Thorsten Naeser
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