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whether an existing drug is also effective for the can-
cer in question? The newly developed webtool
CADDIE uses network pharmacology to solve this
problem for the cancer driver genes of interest, i.e.
the genes with mutations that can cause tumors.
CADDIE suggests drugs that are known to either tar-
get the cancer driver genes directly or affect the sig-
naling pathways they are involved in. This is done
using gene-gene and gene-drug interaction databases,
as well as other information on cancer driver genes,
specific mutation frequencies, gene expression infor-
mation, relevant genetic diseases and cancer drugs.
The CADDIE webpage integrates all of this informa-
tion and uses network-based algorithms to prioritize
targets, find appropriate drugs, and identify potential
off-targets that may lead to side effects. However, in
cancer, some affected genes, such as MYC, are not
directly targetable. By representing the interaction
network, however, these driver genes could be indi-
rectly targeted via their druggable interaction partners.
PhD student Michael Hartung and the teams of

Dr. Markus List (Technical University of Munich) and
Professor Jan Baumbach (University of Hamburg)

NEOCORTEX

have developed the CADDIE tool especially for use in

clinical research such as molecular tumor boards. They have
equipped it with a user-friendly interface so that it can be
easily applied by biomedical scientists. When the user enters
the cancer entity and affected cancer driver genes, and se-
lects databases and the algorithm, CADDIE suggests suit-
able drugs or targets. CADDIE also shows to the user
approval status, actual usage, and further information about
the drug. The tool generates hypotheses for personalized
medicine in everyday clinical practice and sustainably
exploits the potential of existing active substances.

CADDIE is available at

https://exbio.wzw.tum.
de/caddie/

Hartung, M., E. Anastasi, Z.
M. Mamdouh, C. Nogales,

H. H. H. W. Schmidt, J.
Baumbach, O. Zolotareva and
M. List (2022). ,Cancer driver
drug interaction explorer.”
Nucleic Acids Res. https://doi.
org/10.1093/nar/gkac384.

Gene regulation is becoming more specific with age

The neocortex in our brain - where complex motor
functions, sensory perceptions and cognitive pro-
cesses take place - contains many different types of
neurons. But how do these neurons develop and
how do they find their place in the brain? The e:Med
junior research group DINGS, together with American
researchers, has investigated these regulatory and
developmental processes in a temporally resolved

manner. The scientists investigated the development of
neocortical neurons at the single cell level by epigenetic
and transcriptional analyses. They discovered major differ-
ences in gene regulation between neuronal development in
the embryo and postnatal development.

Neurons in the neocortex differ from each other in many
aspects, such as morphology, neurotransmitters, connec-
tions, or electrophysiological properties. The development
of cortical neurons has often been studied. The exact regu-
latory mechanisms from embryonic formation to adult mat-
uration had not yet been elucidated.

The team led by Professor Michael Ziller (University of Min-
ster) and his international colleagues now studied individual
brain cells of mice and marmosets at different times of
development and in comparison between these species.
They succeeded in analyzing the regulatory state of individ-
ual cell types at different developmental stages. For this
purpose, they used single-cell genomic methods such as


https://doi.org/10.1093/nar/gkac384
https://exbio.wzw.tum.de/caddie/

SCATAC-Seq to determine chromatin availability and RNA-seq to
investigate expression status, each followed by comprehensive
bioinformatics analyses.

They discovered major differences in gene regulation: in early
neuronal development, neurons are controlled by widespread
and evolutionarily conserved regulatory mechanisms. Mecha-
nisms that are also known from other cells outside the brain. In
later stages, as neurons matured and interconnected, regulation
was more complex. It was more specific to the brain as an
organ, to the brain area, and to neurons as a cell type - and
also more evolutionarily divergent. This temporal shift from gen-
eral to specific regulatory mechanisms was observed in all neu-
ron types as well as in both species. The authors of the study

CANCER HETEROGENEITY

suggest that this shift is due to evolutionary pressures. At the
beginning of development, established and stable regulatory
processes are important for maintaining neurons. At later stag-
es, as neurons become specialized, more specific regulation
allows more freedom to respond to environmental conditions,
which may be of evolutionary advantage. These discoveries
now set the stage to better understand the cell type and devel-
opmental context of disease associated genetic variation in
humans, in particular schizophrenia associated genetic risk.

Yuan, W., S. Ma, J. R. Brown, K. Kim, V. Murek, L. Trastulla, A. Meissner, S. Lodato, A. S. Shetty,
J. Z. Levin, J. D. Buenrostro, M. J. Ziller and P. Arlotta (2022). ,Temporally divergent regulatory me-
chanisms govern neuronal diversification and maturation in the mouse and marmoset neocortex.”
Nat Neurosci 25: 1049-1058. DINGS https://doi.org/10.1038/s41593-022-01123-4.

Accurate diagnosis by proteogenomics

Chronic lymphocytic leukemia (CLL) is a very heterogeneous
type of cancer with very different clinical courses. In order to
provide a prognosis and find targeted therapies, primarily gene-
tic and transcriptional studies are already implemented. Never-
theless, there are still differences in the therapeutic course. To
better understand these variances, the e:Med group SYMPATHY
has now performed proteomic analyses and integrated them
with genomics, transcriptomics and clinical data. Thereby the
group discovered a new subtype of CLL with rapid disease pro-
gression that is detectable only at the proteomic level.

While some CLL patients manage their disease for many years
with “watch and wait”, others require frequent treatment and
have a poor prognosis. The genetic background of CLL is now
well characterized and some targeted therapies, such as drugs
that inhibit B-cell receptors, are already available. Nevertheless,
the relationship between genetic variants and treatment out-
comes is not well understood and the success variable. The
e:Med junior research group SYMPATHY led by Professor
Sascha Dietrich (University of Heidelberg & University of Dlssel-
dorf) now used the latest in-depth mass spectrometric methods
to study the proteome of clinically well characterized CLL

patients. For the multi-omics analysis, the researchers addition-
ally examined the genome, transcriptome and drug response in
the lab and integrated these data with the documented clinical
course. The overall correlation between protein abundance and
corresponding mMRNA levels was low. This suggests extensive
posttranslational regulation of the proteome, which is also
known from other cancer entities.

Unsupervised cluster analysis of the proteomic data, where ele-
ments are assigned to different classes based on statistical
parameters, segregated the patients into six subgroups. Five of
these groups also showed corresponding genetic changes.
However, in one proteome subgroup, no commonalities were
apparent at the genetic level. At the proteome level, this new
group showed large amounts of spliceosome proteins and low
abundance of B-cell receptor signaling proteins and was there-
fore named ASB-CLL (altered splicosome, low B-cell signaling
protein). Analyses also showed decreased phosphorylation of
the B-cell receptor signaling pathway. A large amount of spli-
ceosome proteins leads to altered splicing with increased exon
inclusion. It is known from other studies that spliceosome
protein / RNA correlation is low. This explains why ASB-CLL can
only be detected at the protein level. The signature of this newly
discovered group has been confirmed at multiple levels in differ-
ent independent cohorts. Approximately 20% of patients are
assigned to this group and show a short lymphocyte doubling


https://doi.org/10.1038/s41593-022-01123-4

time and rapid disease progression. This multi-omics analysis
updates the definition of CLL subgroups, thus optimizing indi-
vidual prognosis and demonstrating how proteomics can
improve stratified cancer medicine.

The data set is available to the community in a web application:

https://www.dietrichlab.de/CLL Proteomics/

IN SILICO

Simulating vaccination against cancer

Herbst, S. A., M. Vesterlund, A. J. Helmboldt, R. Jafari, I. Siavelis, M. Stahl, E. C. Schitter, N.
Liebers, B. J. Brinkmann, F. Czernilofsky, T. Roider, P.-M. Bruch, M. Iskar, A. Kittai, Y. Huang, J.
Lu, S. Richter, G. Mermelekas, H. M. Umer, M. Knoll, C. Kolb, A. Lenze, X. Cao, C. Osterholm,
L. Wahnschaffe, C. Herling, S. Scheinost, M. Ganzinger, L. Mansouri, K. Kriegsmann, M. Kriegs-
mann, S. Anders, M. Zapatka, G. Del Poeta, A. Zucchetto, R. Bomben, V. Gattei, P. Dreger,

J. Woyach, M. Herling, C. Muller-Tidow, R. Rosenquist, S. Stilgenbauer, T. Zenz, W. Huber, E.
Tausch, J. Lehtié and S. Dietrich (2022). ,Proteogenomics refines the molecular classification

of chronic lymphocytic leukemia.“ Nat Commun 13(6226): 1-18. SYMPATHY https://doi.
org/10.1038/s41467-022-33385-8.

Immunotherapies are promising approaches in personalized
and targeted cancer therapy. An example of such a method is
vaccination with dendritic cells (DC) presenting endogenous
tumor antigens. In this procedure, the endogenous immune
defense is specifically activated in such a way that the patient's
own immune system destroys the tumor cells. However, since
this process is enormously complex, it requires fine-tuning at
many levels to function effectively and without an autoimmune
response. The e:Med alliance MelAutim has now simulated
such a vaccination process. This makes it possible to elucidate
the molecular mechanisms of DC vaccination and to optimize
these therapies.

Dendritic cells present antigens and release chemokines and
cytokines, which again activate cytotoxic T-cells. With suitable
antigens, these in turn are able to eliminate tumors in the

patient’s body. The DC-vaccination uses this mechanism by
cultivating dendritic cells of the patient ex vivo, loading them
with tumor antigens and then vaccinating the patient with these
cells.

The success of such a therapy depends on many factors in the
procedures in the body and ultimately on the effectiveness and
number of memory T-cells. Computational modeling helps to
optimize the processes in silico and subsequently to design
experiments in a targeted manner. So far, only individual
aspects of the vaccination approach have been simulated.
However, the team led by Professor Julio Vera (Erlangen
University Hospital) has now developed a multi-layered model
that simulates DC-mediated cancer therapy in three stages:
The distribution of dendritic cells in the tissue, their biochemical
maturation, and their activation of CD8+ cytotoxic T-cells. The
scientists calibrated the model with pre-existing experimental
data. In subsequent sensitivity analyses, they identified molecu-
les and processes that are essential for the DC-mediated T-cell
response and thus for the success of the therapy. Accordingly,
NF-kB regulators in particular are important for the immunoge-
nic efficacy of DC, and cytokines such as IL-6 and IL-8 are sig-
nificant for the activation of the T-cell response. Based on these
findings, the scientists showed how to boost the number of
memory T-cells. To do this, they simulated changes in the
expression of these identified molecules, which can be influ-
enced, for example, by transfecting mRNA or inhibitory miRNAs
into DC. These simulations predicted that especially a com-
bined change in the regulator IkBa and cytokines could increase
the number of these T-cells. This model is useful as a tool for
optimizing DC-based cancer therapy by identifying molecular
targets and thus enabling targeted design of in vitro and in vivo
experiments. It is also interesting to adapt this approach to
other immunotherapies, such as CAR-T-cell therapy, to help
bring personalized cancer therapies to the clinic efficiently and

rapidly.

Lai, X., C. Keller, G. Santos, N. Schaft, J. Dorrie and J. Vera (2022). ,Multi-Level Computational
Modeling of Anti-Cancer Dendritic Cell Vaccination Utilized to Select Molecular Targets for
Therapy Optimization.“ Frontiers in Cell and Developmental Biology 9. MelAutim https://www.
frontiersin.org/article/10.3389/fcell.2021.746359.

Vera, J., X. Lai, A. Baur, M. Erdmann, S. Gupta, C. Gutta, L. Heinzerling, M. V. Heppt, P. M.
Kazmierczak, M. Kunz, C. Lischer, B. M. Pitzer, M. Rehm, C. Ostalecki, J. Retzlaff, S. Witt, O.
Wolkenhauer and C. Berking (2022). ,Melanoma 2.0. Skin cancer as a paradigm for emerging
diagnostic technologies, computational modelling and artificial intelligence.” Briefings Bioinf.
MelAutim https://doi.org/10.1093/bib/bbac433.
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Alliances for an Individualized Medicine

FINALLY FACE-TO-FACE
e:Med Meeting 2022 as in-person meeting in Heidelberg

At the end of November ‘22,

after years of exclusively

digital events, the e:Med

community finally gathered

for an in-person meeting

at the DKFZ in Heidelberg.

Over 230 systems medicine

enthusiasts met for three days to discuss their latest
research findings with their peers, to initiate new con-
nections and renew existing ones. It was the first on-site
meeting of the second e:Med funding phase and for
many students the first ever — according to many new
masked faces. The conference was officially opened by
Dr. Nicola Scholz (BMBF), who kindly welcomed the sci-
entists, expressing her interest in the achievements of the
e:Med systems medicine community and in meeting the
people behind the science. Professor Michael Boutros
(DKFZ) and the e:Med speakers Professor Julie George
(University of Cologne) and Professor Rainer Spanagel (ZI
Mannheim) also gave warm words of welcome. Sessions
spanned the spectrum of systems medicine technolo-
gies, bioinformatics, and modeling solutions to systems
medicine of disease and translational approaches.
Keynote speakers from the broad range of systems
medicine, such as human genetics (Professor Markus

Nothen, University Bonn), individual specific networks
(Professor Kristel Van Steen, KU Leuven), drug repurpos-
ing (Professor Harald Schmidt, Maastricht University) or
tumor heterogeneity (Professor Stefan Pfister, DKFZ) and
many more explicitly enriched the conference. Professor
Bjorn Stevens (MPI Hamburg) gave “beyond the horizon”
insights into climate research and modeling. Over 30
lectures on e:Med projects, 20 FlashTalks to promote the
posters, a project group introduction, insights into the
latest technologies from our sponsors, and a molecular
disease board panel discussion characterized this inspir-
ing meeting. The lively poster discussion at 80 posters
was very well received - a part which could hardly have
been realized virtually. Likewise, the integrated network-
ing time with mocktail hour and conference dinner was
very well attended and enjoyed for discussions. We
thank all participants, speakers, presenters, and helpers
for this inspiring meeting. See you 2023 in Berlin!



https://www.sys-med.de/en/alliances/
https://www.sys-med.de/en/alliances/commitment/
https://www.sys-med.de/en/alliances/inca/
https://www.sys-med.de/en/alliances/itreat/
https://www.sys-med.de/en/alliances/melautim/
https://www.sys-med.de/en/alliances/saskit/
https://www.sys-med.de/en/alliances/symbod/
https://www.sys-med.de/en/alliances/sympath/
https://www.sys-med.de/en/alliances/sys-care/
https://www.sys-med.de/en/alliances/sysmedsuds/
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