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Cytostatics with a remote trigger: Paul Ehrlich and 
Ludwig Darmstaedter Early Career Award 2024 goes to 
Johannes Karges 
Chemist at Ruhr University Bochum switches on non-toxic precursors of  
platinum preparations in cancer cells using light or ultrasound  
 
Dr. Johannes Karges (31), a chemist from Ruhr University Bochum, will be 
awarded the Paul Ehrlich and Ludwig Darmstaedter Early Career Award 
2024, the Scientific Council of the Paul Ehrlich Foundation announced today. 
The prizewinner discovered how platinum-containing chemotherapeutics 
accumulate in tumor tissue, and how, from here, they can be activated using 
either light or ultrasound as triggers. Karges already provided preclinical 
proof of these methods, whose translation into clinical practice could 
drastically reduce the serious side effects of these most commonly used 
cancer drugs worldwide and significantly increase their effectiveness.  
 
FRANKFURT. Around half of all chemotherapy treatments worldwide are carried out 
with cisplatin and two of its derivatives. These cytostatic drugs prevent cancer cells 
from dividing, and have shown impressive success against some types of cancer for 
several decades already. They do, however, quickly lead to resistance. Given that 
platinum preparations also inhibit the division of healthy body cells, they are associated 
with serious side effects, which range from nausea and vomiting to kidney, hearing 
and nerve damage and even inhibition of blood formation in the bone marrow. That is 
why the search for a way to ensure these cytostatic drugs only act on the cancer cells 
they are intended to destroy has long been underway. This would make them similar 
to magic bullets in the sense of Paul Ehrlich, which only cure the disease without 
harming the rest of the body. The research conducted by Johannes Karges and his team 
has breathed new life into this vision.  
 
The two initial questions of this research were: How can we selectively accumulate the 
cytostatic drug or a precursor thereof in the tumor? And, following on from this: How 
can we selectively activate it there? The answer lies in the construction of tiny spheres 
(nanoparticles) that are too large to penetrate healthy tissue, but small enough to 
squeeze between cancer cells. Healthy cells are tightly bound together, whereas, due to 
the high division rate of its cells, the connection between tumor tissue is patchy. The 
nanoparticles are equipped with built-in remote triggers that are activated by external 
signals. Photo- or sonosensitizers are suitable as receivers. These molecules have the 
ability to convert the energy of absorbed light or sound into chemical reactions in 
which electrons are released and absorbed (redox reactions).  
 
Together with his Chinese research partner Prof. Haihua Xiao, Karges has so far 
successfully tested two mixtures that can be “detonated” in cancer cells using 
these time fuses. In the first case, he coupled the active ingredient oxaliplatin to a 
photosensitizer and bound both molecules into a fat-soluble polymer, onto whose 
ends he attached water-soluble peptides, which acted as “address labels”, so to 
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speak, for transport into the cell nucleus. The resulting chains self-assembled into 
spheres with a diameter of some 80 nanometers. Once these beads reached the 
nucleus of the cancer cell, nothing happened – that is, as long as darkness 
prevailed. The moment these spheres were irradiated with red light, they 
disintegrated, releasing oxaliplatin and highly aggressive oxygen, and thereby 
destroying the cancer cells.  
 
However, red light does not penetrate deeper than one centimeter into an organism 
and therefore cannot reach most human tumors. Ultrasound waves travel ten times the 
distance in the body. That is why, in the second case, Karges used a computer to 
calculate which sonosensitizers, when irradiated with ultrasound waves, could convert 
a non-toxic precursor (prodrug) of cisplatin into the toxic substance. He found 
hemoglobin to be best suited and proceeded to pack the biomolecule and the prodrug 
into nanoparticles in the tried and tested way. In this instance, too, the particles 
selectively accumulated in cancer cells. While they remained stable under physiological 
conditions, after sonication in the presence of ascorbic acid, it took only a few minutes 
for the prodrug to convert entirely into cisplatin.  
 
Karges and Xiao were able to confirm their findings obtained in cell cultures in 
experiments with mice. In both of the cases described above, the tumors of the 
animals injected with the nanoparticles disappeared almost completely within a 
short time after external irradiation with red light or ultrasound. 
 
Johannes Karges, PhD, studied chemistry at Philipps-Universität Marburg and at 
Imperial College London from 2011 to 2016. As a doctoral student, he conducted 
research in the field of bioinorganics at the École Nationale Supérieure de Chimie de 
Paris, France, and at Sun Yat-Sen University in Guangzhou, China. After his PhD, he 
worked as a postdoctoral researcher at the University of California, San Diego, in La 
Jolla from 2020 to 2022. Since November 2022, he has headed his own research group 
at Ruhr University Bochum as a Liebig Fellow of the German Chemical Industry Fund. 
 
The Chairman of the Scientific Council of the Paul Ehrlich Foundation will present the 
Paul Ehrlich and Ludwig Darmstaedter Early Career Award 2024 as well as the Paul 
Ehrlich and  Ludwig Darmstaedter Prize 2024 during a festive ceremony held 14 March 
2024 at 5 p.m. in Frankfurt's Paulskirche.  
 
Pictures of the award winner and detailed background information "Remote-controlled magic 
bullets" are available for download at: www.paul-ehrlich-stiftung.de  
 
Further information 
Press Office Paul Ehrlich Foundation 
Joachim Pietzsch 
Phone: +49 (0)69 36007188 

E-mail: j.pietzsch@wissenswort.com 
www.paul-ehrlich-stiftung.de  
 
 
The Paul Ehrlich and Ludwig Darmstaedter Early Career Award, awarded for the first time in 2006, is presented once a year 
by the Paul Ehrlich Foundation to a young scientist working in Germany for outstanding achievements in biomedical research. The 
prize money of €60,000 must be used for research-related purposes. University professors and senior scientists at German research 
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institutions are eligible to nominate candidates. The award winners are selected by the Board of Trustees on the recommendation 
of an eight-member selection committee. 
 
The Paul Ehrlich Foundation is a legally dependent foundation that is administered in trust by the Association of Friends and 
Sponsors of Goethe University. Professor Dr. Katja Becker, President of the German Research Foundation, who also appoints the 
elected members of the Foundation Council and the Board of Trustees, is Honorary President of the Foundation, which was 
established by Hedwig Ehrlich in 1929. The Chairman of the Board of Trustees of the Paul Ehrlich Foundation is Professor Dr. 
Thomas Boehm, Director at the Max Planck Institute of Immunobiology and Epigenetics in Freiburg, and the Chairman of the 
Board of Trustees is Professor Dr. Jochen Maas, Managing Director Research & Development, Sanofi-Aventis Deutschland GmbH. 
In his function as Chairman of the Association of Friends and Sponsors of Goethe University, Prof. Dr. Wilhelm Bender is also a 
member of the Board of Trustees of the Paul Ehrlich Foundation. In this function, the President of Goethe University is also a 
member of the Board of Trustees. 
 
With its research strength and international orientation, Goethe University is one of Frankfurt’s largest employers and a member of 
the association of the 15 major research-intensive and leading medical universities in Germany (German U15). Together with the 
Technical University of Darmstadt and Johannes Gutenberg University Mainz, Goethe University Frankfurt operates the strategic 
Rhine-Main Universities alliance (RMU). Established in 1914 as a foundation university with funding from Frankfurt’s citizens, 
Goethe University enjoys a high degree of autonomy, and is embedded in a highly participatory and supportive environment.  
 
Research at Goethe University is structured into six profile areas spanning the humanities, social sciences, economics, natural and 
life sciences, as well as  medicine – and is conducted in an interdisciplinary, cross-faculty and self-governed manner. Whether it 
concerns teaching and research, or the transfer of technology and knowledge in close interaction with civil society, Goethe 
University delivers contributions to meet the challenges of the 21st century and acts as a driving force for the progressive 
development of society, politics, and business – together with its regional, national, and international partners. Based on its 
holistically conceived, research-oriented educational process, Goethe University is dedicated to qualifying its students to become 
responsible, cosmopolitan citizens. https://www.goethe-university-frankfurt.de/en  
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