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PARP inhibitors effectively reduce melanoma cell 
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synthetic lethal interaction in vitro and in vivo 
L. M. Fröhlich1, H. Niessner1, T. Sinnberg1,2, B. Schittek1 
1University Skin Clinic Tübingen, Dermatooncology, 
Tübingen, Germany 
2Charité – Universitätsmedizin Berlin, Department of 
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Melanoma patients with hyperactivation of the MAPK 
signaling pathway profit from MAPK inhibitors 
(MAPKi). However, the rapid onset of drug resistance 
limits the utility of the therapy. Therefore, this study 
focuses on novel treatment strategies for both MAPKi 
sensitive and resistant melanoma patients. 

PARP inhibitors (PARPi) are FDA approved for the 
treatment of tumors with BRCA1 or BRCA2 gene 
mutations because the associated homologous 
recombination repair (HRR) deficiency (HRD) leads to a 
synthetic lethal interaction with PARPi. However, 
recent studies have shown that other genetic 
mutations in the HRR pathway also sensitize tumors to 
PARPi treatment. It is well known that melanoma is a 
cancer with a high tumor mutation burden and many 
patients have somatic or germline mutations in HRR 
genes. Therefore, we aimed to find out whether PARPi 
treatment can be an effective tool for the treatment of 
malignant melanoma. 

We could show that melanoma cells are susceptible to 
PARPi treatment in vitro and in vivo. Our data revealed 
that MAPKi resistant cells exhibit particularly high 
sensitivity to PARPi. We demonstrate that after the 
development of MAPKi resistance, which is associated 
with higher PARP levels as well as lower ATM levels, 
melanoma cells are extremely sensitive to PARPi 
treatment. Higher PARP levels result in a higher PARP 
trapping effect, and lower ATM levels lead to 
decreased DNA double strand damage sensing. 

In addition, we were able to show that a combination 
of PARPi and MAPKi has a synergistic effect on the cell 
viability of melanoma cells in vitro and in vivo. We 

discovered that MAPKi induce a HRD phenotype in 
melanoma cells, thereby causing synthetic lethality in 
combination with PARPi. Our data implicate that 
melanoma cells resistant towards BRAF inhibitors and 
MEK inhibitors are especially sensitive to a 
combination of PARPi and ERK inhibitors or pan RAF 
inhibitors, which open up new treatment options for 
melanoma patients. 

In conclusion, this study shows that PARPi therapy can 
be extended to melanoma patients either as a single 
therapy for MAPKi resistant patients, or as a 
combination with MAPKi in melanoma patients before 
and after MAPKi resistance development. 

3 
Additional Immunovirotherapy of NUT Carcinoma 
with the Oncolytic Herpes Simplex Virus T-VEC and 
the Immune Checkpoint Inhibitor Pembrolizumab 
L. Kloker1, U. M. Lauer1,2,3 
1Medical University Hospital, Tübingen, Germany, 
Department of Medical Oncology and Pneumology, 
Tübingen, Germany 
2Cluster of Excellence iFIT (EXC2180) "Image-Guided 
and Funktionally Instructed Tumor Therapies", 
University of Tübingen, Tübingen, Germany 
3German Cancer Consortium (DKTK), German Cancer 
Research Center (DKFZ), Tübingen, Germany 

Question 

NUT carcinoma (NC) is a rare and fast-growing tumor, 
usually occurring at the neck or intrathoracic in 
adolescents and young adults. With no standard 
therapy options so far and extremely high relapse 
rates, it has a very poor prognosis of only 6.5 months 
median overall survival. This type of cancer is 
characterized by a single unique gene fusion involving 
the nuclear protein in testis (NUTM1) gene, which acts 
as a key epigenetic regulator for different oncogenic 
pathways, such as myc expression. Therefore, the 
tumor mutational burden is generally very low, 
predicting a low response rate to standard 
immunotherapy. 
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Oncolytic viruses (OVs) are designed to selectively 
infect and replicate in tumor cells, thereby inducing a 
direct tumor cell lysis as well as creating an 
immunogenic tumor environment to enable a systemic 
antitumor immune response. 

As recently shown by our group, the oncolytic virus 
(OV) T-VEC (talimogene laherparepvec; IMLYGIC®) can 
infect and selectively replicate in NC cells very 
efficiently in vitro. In this case report, we conducted an 
off-label treatment with T-VEC and the immune 
checkpoint inhibitor (ICI) pembrolizumab in a patient 
with thoracic NC to determine whether (I) the 
additional immunovirotherapy is safe, (II) T-VEC is able 
to replicate in NC in a clinical setting, (III) T-VEC can 
induce changes in the tumor microenvironment of NC 
and (IV) a treatment response can be noted after the 
multimodal therapy. 

Method 

A NC patient was treated with 3-weekly intratumoral 
injections of T-VEC and the ICI pembrolizumab in 
addition to a standard of care treatment with 
chemoradiotherapy. During treatment, sequential CT 
scans were performed to assess treatment responses. 
Further, a pre- and posttreatment tumor biopsy was 
taken and investigated for immune cell composition by 
immunohistochemical staining. To quantify virus 
replication, serum viral load was measured via 
standard HSV-1 qPCR and a T-VEC specific PCR was 
employed to specifically prove T-VEC replication. As a 
marker for tumor proliferation, serum LDH levels were 
measured during the whole treatment period. 

Result  

Side effects of OV injection were modest, including 
transient pyrexia and fatigue after virus injections. 
Chemoradiotherapy was accompanied by 
hematotoxicity and a urinary tract infection. The 
thoracic CT scans showed a partial response according 
to RECIST at 8 weeks after the initiation of treatment 
which was accompanied by a clinical improvement and 
no longer need for oxygen supply. Sequential HSV-1 
qPCRs from blood serum peaked 3-5 days after 

intratumoral virus injections, showing serum viral loads 
up to 3*105 viral copies/ml. T-VEC replication was 
proved by T-VEC specific PCR. Serum LDH levels 
dropped after each treatment cycle but showed a 
quick relapse between the cycles. Biopsy specimens 
showed a switch from a CD3+CD4+ T-cell dominant 
infiltrate to a CD3+CD8+ T-cell dominant infiltrate as 
well as partial necrosis and an increased number of 
tumor infiltrating macrophages after treatment. 

Conclusion 

In this case report, a NC patient was treated with an 
OV for the first time, showing a partial response to the 
multimodal treatment regimen having only modest 
and easily manageable side effects. Notably, strong T-
VEC replication and immunogenic changes in the 
tumor microenvironment were detected. 

In our current project, we are planning to further 
characterize the nature of the antitumor immune 
response by measuring T-cell responses against 
immunogenic peptides derived from the tumor fusion 
protein by elispot assays before and after virotherapy. 
Moreover, an investigator-initiated trial entitled 
"Additive ImmunoVirotherapy for NUT carcinomas (NC) 
in the context of multimodal therapeutic regimes" will 
be initiated to further examine safety and efficacy of 
this treatment regimen. 
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Question 

Oncolytic viruses may offer a new approach to treat 
breast cancer based on their ability to selectively kill 
tumor cells and induce an immune response. However, 
it has been difficult to study oncolytic viruses in vitro 
due to the lack of an appropriate cell culture system 
that recapitulates the primary tumors. In this study we 
assessed whether it is possible to develop a reliable 
protocol for studying the effects of oncolytic viruses in 
a stable organoid cell culture derived from breast 
cancer tissue. 

Method 

We used an established three-dimensional organoid 
model with tissue derived from 10 breast cancer 
patients exhibiting primary breast cancers. We 
developed a unique experimental protocol for infecting 
organoid cultures with oncolytic viruses and compared 
the oncolytic effects of a measles vaccine virus (MeV) 
and a vaccinia virus (GLV) genetically engineered to 
express either green  fluorescent protein (MeV-GFP) or 
red fluorescent protein (GLV-0b347), respectively, or a 
suicide gene encoding a fusion of cytosine deaminase 
with uracil phosphoribosyltransferase (MeV-SCD and 
GLV-1h94, respectively), thereby enabling enzymatic 
conversion of the prodrug 5-fluorocytosine (5-FC) into 
cytotoxic compounds 5-fluorouracil (5-FU) and 5-
fluorouridine monophosphate (5-FUMP). 

Result 

The method demonstrated that all oncolytic viruses 
significantly inhibited cell viability in organoid cultures 

derived from breast cancer tissue. The oncolytic effects 
of the oncolytic viruses expressing suicide genes (MeV-
SCD and GLV-1h94) were further enhanced by virus-
triggered conversion of the prodrug 5-FC to toxic 5-FU 
and toxic 5-FUMP. 

Conclusion 

We were able to develop a protocol to assess the 
effects of two different types of oncolytic viruses in 
stable organoid cell cultures derived from breast 
cancer tissue. The greatest oncolytic effects were 
observed when the oncolytic viruses were engineered 
to express a suicide gene (MeV-SCD and GLV-1h94) in 
the presence of the prodrug 5-FC. The model therefore 
provides a promising in vitro method to help further 
testing and engineering of new generations of 
virotherapeutic vectors for in vivo use. 

5 
Survival of glioblastoma patients treated with 
personalized peptide vaccines 
S. Biskup1 
1CeGaT GmbH, Tübingen, Germany 

The treatment of patients with IDH-wildtype glioma, 
CNS WHO grade 4 has not seen significant 
breakthroughs these past years. Following standard of 
care, the recurrence rate is still high, and the prognosis 
is poor. Immunotherapeutic concepts, mostly centered 
around immune checkpoint inhibition, transformed 
treatment of solid cancers like malignant melanoma 
and lung cancer, however clinical trials on checkpoint 
inhibition in high grade gliomas have yielded negative 
data so far. 

Method 

Tumors from 51 patients with IDH-wildtype glioma, 
CNS WHO grade 4 were analysed for somatic 
mutations. In agreement with their treating physician, 
patients added a personalized peptide vaccine to their 
treatment as an individual healing attempt. Patients 
were monitored from October 2015 until May 2022. 
We retrospectively evaluated their clinical courses and 
the results of their immune monitoring data. 
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Findings 

Median overall survival was 32 months (95% CI: 24·9-
48·8) from first diagnosis, which is significantly longer 
compared to a control cohort treated with Stupp's 
regimen. An immune response to at least one of the 
vaccinated peptides was detected in blood samples of 
36 of 41 monitored patients. Significantly longer 
survival was observed for patients that exhibited a 
peptide specific immune response compared to those 
without such a response (p=·0068). 

Interpretation 

The personalized neoantigen-based peptide vaccines 
elicited durable T-cell responses in most patients. 
Induction of these immune responses positively 
correlated with survival time. This real-world 
observation will be translated into a clinical trial 
entitled NEO GBM to evaluate the specific contribution 
of the neoantigen vaccine. 
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Question 

Tumor heterogeneity, clonal cooperation, and immune 
inhibition in the tumor microenvironment (TME) are 
the main drivers toward resistance to checkpoint 
inhibitor therapies in solid tumors. Lactate production 
by cancer cells and an acidic TME have been reported 
to increase programmed cell death ligand-1(PD-L1) 
expression in human lung cancer cells. In the TME, the 
expression of PD-L1 on cancer cells is mainly regulated 
by IFN-γ and induces T cell exhaustion, enabling tumor 
immune escape. In addition, various immune cells, 
such as T cells, natural killer cells, dendritic cells, and 
macrophages, show impaired effector functions in an 
acidic TME. Thus, we hypothesize that immune cell-
derived IFN-γ affects the dynamics of PD-L1 expression 
in acidic tumor regions in the TME and might represent 
a novel second-line immune escape mechanism. 
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Method 

To evaluate our hypothesis, first, we examined the 
total PD-L1 expression in vitro in two anti-PD-L1 
responsive (MC38 colon adenocarcinoma, CT26 
colorectal carcinoma) and two anti-PD-L1 non-
responsive (B16 melanoma, 4T1 breast cancer) murine 
tumor models. PD-L1 expression was evaluated under 
normal conditions (acidic TME pH), under treatment 
with sodium bicarbonate (neutralized pH), and under 
both with supplemented IFN-γ using Western Blot and 
flow cytometry. Furthermore, using STAT1-specific 
silencer RNA, we tested if STAT1 is required for PD-L1 
expression in MC38 tumor cells. Moreover, by blocking 
the transcription factor eIF4F using silvestrol, we 
identified the PD-L1 expression levels using Western 
Blot and flow cytometry. In our in vivo studies, we 
determined if sodium bicarbonate is able to enhance 
the pHe in the TME via acid-catalyzed chemical 
exchange saturation transfer (CEST)-MRI. Finally, we 
examined the treatment effect of sodium bicarbonate, 
anti-PD-L1 monoclonal antibodies, and the 
combination of both in all four tumor models. 

Result 

We show that acidosis, a frequent feature of solid 
tumors, significantly increased IFN-γ-induced PD-L1 
expression in cancer cells. This phenomenon is 
mediated by increased genomic expression and 
phosphorylation of STAT1 and translation of the Stat1 
mRNA by eukaryotic initiation factor 4F (elF4F). We 
observed an acidosis-mediated increase in IFN-γ-
induced PD-L1 expression with anti-PD-L1-responsive 
MC38 and CT26 adenocarcinoma cells but not in anti-
PD-L1-nonresponsive B16-F10 melanoma or 4T1 
mammary carcinoma cells. Neutralizing the acidic pHe 
by sodium bicarbonate treatment suppressed IFN-γ-
induced PD-L1-expression in cultured MC38 cancer 
cells and MC38 tumors. In anti-PD-L1-responsive 
tumors, sodium bicarbonate treatment increased the 
tumor pHe, and immune cell infiltration and reduced 
tumor growth. In contrast, modulation of the TME pHe 
with sodium bicarbonate in non-responsive tumors 
showed no change in PD-L1 expression in the tumor 
and normal tumor growth. 

Conclusion 

Here we show that acidosis can increase IFN-γ-
mediated PD-L1 expression by acidosis relies on STAT1 
gene expression and translation of Stat1 mRNA by the 
eukaryotic translation initiation factor elF4F, whose 
subunit, the RNA helicase eIF4A, binds and unwinds a 
selective subset of mRNAs, including Stat1. Therefore, 
acidosis enhanced IFN-γ-induced STAT1 activation via 
phosphorylation, implying a feed-forward mechanism 
of acidosis in IFN-γ-induced PD-L1 expression and 
immune escape. In summary, we demonstrated that 
acidosis regulates IFN-γ-induced PD-L1 expression in 
cancer cells via enhanced STAT1 phosphorylation as an 
immune escape mechanism. Acidosis is a crucial TME 
modulator of IFN-γ-mediated PD-L1 expression on the 
surface of various murine cancer cell lines and can 
serve as a novel biomarker for the anti-PD-L1/PD-1 
treatment response.    
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Introduction 

Pulmonary fibrosis (PF) is an invariably fatal disease 
with a challenging diagnosis based on functional tests, 
high resolution computed tomography (HRCT) and 
biopsies. Fibrosis progression is associated with the 
accumulation of senescent epithelial cells and 
fibroblasts [1-3]. These occur in regions neighbouring 
the fibrotic foci in PF patient biopsies [4]. In this study, 
we targeted senescence associated β-Galactosidase (β-
Gal), using an 18F labelled β-Gal tracer ([18F]FPyGal) to 
study the changes in the senescent cell population by 
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PET imaging during progression of PF in a murine PF 
model. 

Method 

C57BL/6J mice were deposited intra-tracheally with a 
single dose of 1 mg/kg bleomycin for pulmonary 
fibrosis induction or saline for control. 1 h dynamic PET 
and MR image acquisition was performed at day 3, 7, 
14, 21 or 28 p.d after i.v. injection of 12±1.20 MBq 
[18F]FPyGal. Ex vivo validation was performed after 
dissection in a gamma counter and followed by 
histological analysis of the lungs and liver notably using 
Masson"s trichrome, p21, p53, and X-Gal staining. 

Result 

In vivo PET showed significantly increased [18F]FPyGal 
lung uptake 10-30 min post injection in fibrotic animals 
7 and 14 days p.d. compared to control 
(3.49±0.83 %ID/cc, 3.89±1.08 %ID/cc to 
2.38±0.26 %ID/cc; P≤0.01, P≤0.001 respectively). 
Significantly elevated [18F]FPyGal uptake in fibrotic 
mice was confirmed ex vivo in isolated organs at 7 and 
14 days p.d. compared to control (0.59±0.37 %ID/g, 
1.21±1.65 %ID/g to 0.15±0.07 %ID/g, P≤0.01 & P≤0.05 
respectively). Increased radiotracer uptake correlated 
with an increase in X-Gal staining in tissue sections. 
Furthermore, histological staining of p21 and p53 
showed increased positive staining compared to 
control starting from day 3, a peak at day 7 and 14, 
followed by a decline at day 21 and 28, a kinetic 
matching the in vivo PET results. The number of 
senescent cells decreased in the fibrotic foci at day 21 
and 28 compared to day 7. 

Conclusion 

Early and accurate diagnosis of PF is critical to provide 
adequate care to patients, but is currently missing. Our 
study showcases a novel highly sensitive and non-
invasive imaging strategy for detection of PF based on 
senescent cells detection enabled by β-Gal targeted 
PET, correlating with the presence of senescent cells ex 
vivo, with a high clinical translation potential both as a 
diagnostic and a therapy monitoring tool. 
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Question 

Transport proteins in the cell membrane regulate the 
uptake and efflux of nutrients and essential molecules, 
e.g. amino acids, and the detoxification of endogenous 
compounds such as bilirubin. Many transporters also 
transport small molecule therapeutic drugs. Especially 
transporters from two major super-families, i.e. the 
ATP-binding cassette (ABC) and the solute carrier (SLC) 
super-family, are directly involved in the absorption, 
distribution and elimination of drugs. They are 
therefore key determinants of therapeutic drug 
response contributing to a lack of drug efficacy and the 
occurrence of drug resistance and adverse drug 
reactions (Nies et al. 2022). However, from the >460 
SLC transporters ~100 are still without assigned 
function, including the two poorly characterized 
transporters OAT2 (SLC22A7) and OAT7 (SLC22A9) 
located in the sinusoidal membrane of hepatocytes. To 
clarify the importance of these two transporters in 
drug therapy and disease, we sought to develop mouse 
models for OAT2 and OAT7. 

Method 

A global mOat2 knockout mouse line (C57BL/6NTac-
Slc22a7tm1.1Ikp) was generated by crossbreeding 
mice with a conditional knockout of mSlc22a7 
(C57BL/6NTac-Slc22a7tm6634Tac, Taconic, targeting 
the mSlc22a7 gene region between exons 2 and 6) with 
Actin-Cre mice (Jackson Laboratories). Since there is no 
mouse OAT7 ortholog, a hepatocyte-specific human 
OAT7 knockin mouse line was generated by 
crossbreeding mice with a conditional knockin of 
human SLC22A9 (C57BL/6NTac-
Gt(ROSA)26Sortm6633(CAG-SLC22A9)Tac, Taconic) 
with Albumin-Cre mice (Jackson Laboratories). Body 
weight, liver weight and blood parameters were 
determined for mice of both strains. Knockout of 
mOat2 and knockin of hOAT7 was evaluated on DNA 
and RNA level by genotyping PCR and qRT-PCR, 
respectively. Immunostaining was performed to 
determine mOat2 and hOAT7 protein expression in 
mouse liver sections and hepatocytes. Additionally, 
mOat2 protein was analyzed by proteomics of liver 
membrane preparations. Genome-wide transcriptome 
arrays were used to identify differentially expressed 
genes in livers from mice of both strains compared 
with wildtype mice. 

Result 

Mice from both strains were viable and fertile and had 
no obvious phenotype. Body weight, liver weight and 
the ratio of body/liver weight of mOat2 knockout mice 
and hOAT7 knockin mice were similar to age-matched 
wildtype control mice at 8, 12, 24 and 52 weeks. Gross 
examination of various organs, including liver and 
kidney, showed no changes in mOat2 knockout and 
hOAT7 knockin mice compared with wildtype mice. 
Liver histology and clinical chemistry parameters (liver 
enzymes, albumin, total protein, creatinine, urea, uric 
acid, triglycerides, bilirubin) in mice of both strains 
were also comparable to those of wild-type mice. 

Genotyping PCR confirmed the global knockout of the 
mSlc22a7 gene in various organs (e.g. liver, kidney, 
heart, spleen, intestine, brain, muscle) and the knockin 
of hSLC22A9 exclusively in liver. As expected, a 
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truncated mOat2 transcript was detected in mOat2 
knockout mice. In case of hOAT7, transcripts were 
detected only in heterozygous or homozygous hOAT7 
knockin mice. On protein level, no antibodies were 
available to detect mOat2 in the liver of wildtype mice. 
However, mOat2 was detectable by proteomics in 
wildtype but not in mOat2 knockout mice. On the 
other hand, using a hOAT7-specific antibody (Emami 
Riedmaier et al. 2016), hOAT7 was readily detectable in 
liver preparations from hOAT7 knockin mice by 
immunoblotting and in liver sections and hepatocytes 
by immunohistochemistry and immunofluorescence 
analyses. The genome-wide transcriptome analysis 
revealed a significantly lower expression of Sult2a1 in 
mOat2 knockout mice. Knockin of hOAT7 resulted in 
significantly lower Hsd17b6 and higher Lcn2 
expression. 

Conclusion 

Mouse models to study the role of OAT2 and OAT7 in 
drug therapy and disease were successfully established 
and characterized. Both models will be used (i) to 
identify novel drug substrates of OAT2 and OAT7, (ii) 
investigate the role of OAT2 and OAT7 in drug-induced 
liver injury, (iii) identify the role of both transporters 
under dietary challenges, e.g. a high fat diet, which 
mimics human metabolic derangements observed in 
obesity and may recapitulate many features of the 
progression to hepatocellular carcinoma observed in 
humans and (iv) to analyze the underlying mechanisms 
of differentially regulated genes in both models. 

References 

▪ Emami Riedmaier A, Burk O, van Eijck BAC, 
Schaeffeler E, Klein K, Fehr S, Biskup S, Müller S, Winter 
S, Zanger UM, Schwab M, Nies AT. Variability in hepatic 
expression of organic anion transporter 7/SLC22A9, a 
novel pravastatin uptake transporter: impact of genetic 
and regulatory factors. Pharmacogenomics J 2016; 16, 
341–51. 

▪ Nies AT, Schaeffeler E, Schwab M. Hepatic solute 
carrier transporters and drug therapy: regulation of 
expression and impact of genetic variation. Pharmacol 
Ther 2022; 238, 108268. 

9 
Deuterium Metabolic Imaging – Rediscovery of a 
Powerful Imaging Tool to Study In Vivo Metabolism 
L. Kuebler1,2, R. Pohmann3, P. Valsala3, N. Avdievitch3, J. 
Engelmann3, S. H. L. Hoffmann1,2, K. Scheffler2,3, A. F. 
Martins1,2 
1Eberhard Karls University Tübingen, Werner Siemens 
Imaging Center, Department of Preclinical Imaging and 
Radiopharmacy, Tübingen, Germany 
2Eberhard Karls University Tübingen, iFIT Cluster of 
Excellence EXC 2180 „Image Guided and Functionally 
Instructed Tumor Therapies“, Tübingen, Germany 
3Max-Planck-Institute for Biological Cybernetics, High-
Field Magnetic Resonance Center, Tübingen, Germany 

Question 

Non-invasive bioimaging techniques are often used to 
detect changes in the metabolism of cancerous lesions. 
Positron emission tomography (PET) is generally used 
in clinical routine to monitor changes in glucose 
metabolism by the biodistribution of the radioactive 
tracer [18F]-2-deoxy-2-fluoro-D-glucose (FDG). 
However, the downstream metabolism of glucose 
cannot be imaged using FDG-PET. Therefore, magnetic 
resonance imaging and spectroscopy (MRI/MRSI) are 
invaluable tools for clinical diagnosis. Deuterium (2H) 
was recently rediscovered for MRI/MRS of metabolism. 
Deuterium metabolic imaging (DMI) provides 
quantitative measures of real-time metabolism (e.g., 
glucose metabolism) after the application of 2H-labeled 



 

9 

molecules (e.g. [6,6′-2H2]glucose) with high spatial and 
temporal resolution. This allows for precision imaging 
and for monitoring metabolic stages of disease 
progression. In this study, we addressed the following 
hypothesis-driven questions: 1) Can we develop 
technology at the preclinical and clinical levels to 
perform advanced DMI? 2) Is DMI capable of 
monitoring metabolism in vivo from bench to bedside 
in oncology? To address these questions, we validated 
novel double-tuned (DT) transceiver radiofrequency 
(RF) coils to switch between the proton (1H) and 2H 
Larmor frequency at two preclinical 7 and 14.1 T and a 
clinical 9.4 T MR scanner. Further, we applied ultra-fast 
methods to boost deuterium detection in preclinical 
animal models and human subjects—first human trials 
in Europe using safe [6,6′-2H2]glucose. 

Method 

Home-built DT 1H/2H birdcage transceiver (TxRx) coils 
operating at 7 T and 14.1 T, respectively, were used for 
the preclinical measures. Each DT TxRx coil consisted of 
two separate 8-rung BC TxRx volume coils: a 1H high-
pass birdcage coil and a 2H low-pass birdcage coil. To 
avoid loss in signal-to-noise ratio (SNR), both coils were 
placed on the surface of the same cylindrical plastic 
holder in a single-layer design. Fast and very efficient 
2H acquisition techniques based on balanced steady-
state free precession (bSSFP) techniques in 
combination with RF-based phase cycling to resolve 2-3 
deuterium resonances separately have been used for 
both preclinical and clinical studies. In vitro real-time 
assessment of glucose consumption in Raji cells (5x107 
cells were suspended in 1.5 mL DMEM with 10 mM 
[6,6′-2H2]glucose) was performed with non-localized 
DMI acquired over 2.5 hours at 14.1 T. First, 
human clinical studies were performed at a 9.4 T 
whole-body human MRI system with a custom-built DT 
RF coil with 10 TxRx channels for proton and 8 TxRx/2 
Rx for deuterium. A healthy volunteer was scanned 
before and after the intake of [6,6′−2H2]-labeled 
glucose following the approved ethics protocol by the 
local committee. The dosage was 0.75 g/kg of body 
weight. bSSFP acquisitions with 5 echoes and 8 phase 
cycles covering a full 2π range were performed for 2H 
metabolic imaging at various time points. 3D MRSI 

measurements were performed at three time points 
for the reference values of metabolites. 3D imaging 
analysis and AMARES quantification methods were 
performed in MATLAB. 

Result 

We have successfully built a unique DMI setup to 
perform quantitative metabolic imaging from bench to 
bedside at different magnetic fields (7-14.1 T). From 
the bench side, we have observed real-time glucose 
consumption and lactate production in vitro with Raji 
Burkitt"s lymphoma cells during incubation with [6,6′-
2H2]glucose using dynamic, non-localized DMI at 14.1 
T. Ex vivo brain studies with healthy mice showed that 
compared to the inefficient T1-weighted pulse-acquire 
sequence, the first generation of our bSSFP approach 
showed an increase of 78% in signal-to-noise ratio 
(SNR). Our first-in-man studies using the novel bSSFP 
technique at 9.4 T suggested an enhanced dynamic 
DMI detection at ultra-high field compared to standard 
spectroscopy techniques. Our nominal resolution of 
bSSFP acquisition in this clinical study used a millimeter 
voxel diameter resolution with superior SNR detection. 
Data suggested an adequate uptake of [6,6′-
2H2]glucose and efficient labeled incorporation into its 
downstream metabolites: water, Glx, and lactate. Glx 
showed higher levels in grey matter-rich tissue than 
white matter-rich tissue. The DMI results with bSSFP 
detection support previous reports showing more 
oxidative metabolism in white matter than in the 
human brain grey matter. Conclusion: In sum, we have 
successfully designed, built, and evaluated DMI 
technology at 7 and 14.1 T preclinical and 9.4 T clinical 
settings. Further, we have established an innovative, 
efficient MR sequence improving time and spatial 
resolution for DMI. In vitro and preclinical results show 
great potential for future translation of DMI in vivo into 
a preclinical glioblastoma model. Additionally, we will 
perform more DMI imaging on healthy subjects and 
patients with glioblastoma. 
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Question 

The clinical importance of poly (ADP-ribose) 
polymerase (PARP) as a tumor biomarker warrants the 
development of novel PARP imaging probes with 
improved pharmacological properties. PARP inhibitors 
serve as lead structures for the development of PARP-
targeted optical and nuclear imaging probes. The first 
approved PARP inhibitor, olaparib, and the most 
potent, talazoparib, exhibit immense differences in 
their PARP trapping abilities. We present the preclinical 
in vivo comparison of 18F-labeled olaparib and 
talazoparib, to determine if the different mechanisms 
of actions have an influence on compound 
biodistribution and target engagement. 

Method 

[18F]Olaparib (>99% radiochemical purity (RP), 25–
58GBq/µmol molar activity (MA), 71±9% radiochemical 
yield (RCY), n=2) and enantiomerically pure 
[18F]talazoparib (>99% enantiomeric excess, >99% 
radiochemical purity, 52–176GBq/µmol molar activity, 
13% RCY, n=4) were used for this study.[1,2] Binding of 
the radiotracers to PARP1 was demonstrated by 
uptake assays in the HR-deficient cell line HCC1937. In 
the in vivo study, HCC1937 xenograft bearing female 
NOD.CB17-Prkdcscid/J mice (n=5) were subjected to 1 
hour dynamic PET imaging and a 10 minute static PET 
scan 2 hours after injection of 12.6±0.6 MBq 
[18F]olaparib or 13.1±0.7 MBq [18F]talazoparib, 
followed by an anatomical MR scan. Biodistribution 
was assessed from dynamic PET data and ex vivo by 
gamma-counting of selected organs in order to further 
investigate the pharmacological properties of the 

molecules. PARP1 immunofluorescence microscopy 
confirmed PARP1 expression in the xenograft tissue. 

Result 

Both [18F]olaparib and [18F]talazoparib were stable in 
mouse and human serum over 240 minutes. The 
radiotracers demonstrated excellent binding to 
HCC1937 cells in vitro that was >99% blockable with 
excesses of both talazoparib and olaparib. Talazoparib 
was found to block substantially more of the 
radiotracer signal than olaparib, a phenomenon that 
was also observed in a cell-based competition assay. In 
vivo, [18F]talazoparib exhibited balanced clearance by 
both hepatobiliary and renal excretion pathways while 
[18F]olaparib featured significantly less renal clearance 
(liver-to-kidney ratio: 1.1 vs 1.8, respectively, 
p=0.0006). This was confirmed by a significant 
difference in absolute kidney uptake (p < 0.0001). Fast 
blood clearance was observed for both radiotracers 
with a calculated blood half-life of 2.2 minutes 
([18F]olaparib) and 3.3 minutes ([18F]talazoparib). Most 
radiotracer signal was observed in the excretion-
related abdominal tissues (liver, kidney, and intestine). 
Interestingly, significant differences in spleen 
(p<0.0001) and lung (p=0.004) uptake were found, 
pointing towards a potential second target of 
[18F]talazoparib due to different selectivity. In addition, 
moderate bone and muscle uptake was observed for 
both radiotracers, in line with reported specific uptake 
of previous PARP radiotracers.[3] 

The HCC1937 xenografts showed moderate 
[18F]olaparib and [18F]talazoparib signal, resulting in a 
mean tumor-to-muscle ratio (TMR) of 2.3±0.7 and 1.82 
± 0.44, respectively, 3 hours post injection. The 
approximately 5-fold higher tumor-to-blood ratios 
(TBR) in comparison to the TMR ([18F]olaparib: 
11.5±4.1; [18F]talazoparib: 10.23±1.51) further 
underlines the rapid blood clearance of the tracers. 
Our data approve feasibility of [18F]olaparib and 
[18F]talazoparib-PET in mice and warrants exploration 
of [18F]talazoparib imaging in more sophisticated tumor 
models and ultimately in patients. 
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Conclusion 

[18F]Olaparib and [18F]talazoparib both presented with 
rapid and mixed renal/hepatobiliary excretion, 
although [18F]olaparib exhibited less renal clearance. 
The radiotracers also feature similarly high bone and 
muscle uptake, and a comparable TMR and TBR. The 
significant differences in kidney and spleen uptake can 
be explained by excretion, however, the difference in 
lung uptake might point towards additional binding of 
[18F]talazoparib to PARP5a and b. The distinct mode of 
action of the first-generation PARP inhibitor olaparib 
compared to the second-generation inhibitor 
talazoparib suggests that [18F]talazoparib may allow us 
to study PARP enzymes from a different angle beyond 
PARP1.[4] Further interrogation of this hypothesis will 
be the focus of future studies. 

[1] Bowden et al., Org Biomol Chem, 2021 

[2] Bowden et al., J Med Chem, 2021 

[3] Carney et al., Mol Imaging Biol, 2016 

[4] LaFargue et. Al., Lancet Oncol, 2019 

11 
Understanding and exploiting treatment-induced 
vulnerabilities in experimental glioma for novel 
combination therapies: Argyrin F plus PD-1 blockade 
B. Walter1, D. Canjuga1, S. G. Yüz2, M. Ghosh3, P. 
Bozko4, J. Przystal1,5, P. Govindarajan1, N. Anderle2, A. 
L. Keller2, M. Tatagiba6, K. Schenke-Layland2,7,8, H. G. 
Rammensee3,5,7, S. Stevanovic3,5,7, N. P. Malek4,5,7, C. 
Schmees2,7, G. Tabatabai1,5,7 
1Hertie Institute for Clinical Brain Research, 
Department of Neurology and Interdisciplinary Neuro-
Oncology, Tübingen, Germany 
2Natural and Medical Sciences Institute (NMI) at the 
University of Tübingen, Tübingen, Germany 
3Interfaculty Institute for Cell Biology (IFIZ), 
Department of Immunology, Tübingen, Germany 
4University Hospital Tübingen, Department of Internal 
Medicine, Tübingen, Germany 
5German Cancer Consortium (DKTK) and German 
Cancer Research Center (DKFZ) partner site Tübingen, 
Tübingen, Germany 
6University Hospital Tübingen, Department of 
Neurosurgery, Tübingen, Germany 
7Cluster of Excellence iFIT (EXC2180) "Image-Guided 
and Funktionally Instructed Tumor Therapies", 
University of Tübingen, Tübingen, Germany 
8University of California Los Angeles, Department of 
Medicine/Cardiology, Los Angeles, CA, United States 

Objective 

Glioblastoma are aggressive primary tumors of the 
central nervous system and despite multimodal 
therapy approaches overall survival remains in the 
range of 1.5 years. Molecularly, glioblastoma 
frequently harbor alterations in the retinoblastoma 
pathway with subsequent cell cycle abnormalities. In 
this study, we examined the anti-glioma activity of the 
cyclic peptide and 20S proteasome inhibitor Argyrin F, 
a compound that inhibits the degradation of p27Kip1 in 
cells and leads to cell-cycle stabilization. Additionally, 
we aimed to characterize potential treatment-induced 
vulnerabilities to design novel combination therapies. 
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Method 

We assessed anti-glioma activity of Argyrin F treatment 
by cytotoxicity and clonogenic survival assays in human 
and murine glioma cells. Additionally, we analyzed 
immunoblots and the cell cycle status after Argyrin F 
treatment. To model glioblastoma ex vivo we used 
residual freshly resected tissue from patients, i.e., 
patient-derived microtumors (PDMs), co-cultured with 
autologous tumor-infiltrating lymphocytes (TILs). We 
conducted mass spectrometry-based 
immunopeptidomics and used the orthotopic 
syngeneic SMA560/VM/Dk glioma mouse model for 
treatment studies. 

Result 

We observed anti-glioma activity of Argyrin F in vitro, 
ex vivo and in vivo. Argyrin F treatment of SMA560 
glioma induced 4.6-fold more glioma-infiltrating CD8+ 
T cells in vivo. Co-cultures of PDM and autologous TILs 
revealed increased cytotoxicity. The HLA 
immunopeptidome of human glioma cell lines showed 
distinctive treatment-induced changes. Consequently, 
we combined Argyrin F treatment with PD-1 blockade 
to exploit this novel treatment-induced vulnerability. 
The PDM/TILs co-cultures displayed increased cellular 
toxicity upon combination treatment, and symptom-
free survival of SMA560-bearing mice was prolonged 
with the combination therapy compared with 
monotherapies. 

Conclusion 

Argyrin F displays anti-glioma effects and increases the 
immunogenicity, paving the way for a novel 
combination therapy of Argyrin F plus PD-1 blockade. 
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NK cells are lymphoid components of innate immunity 
and play an important role in tumor 
immunosurveillance. One of the major transcriptional 
regulators in lymphoid cells is NFAT (Nuclear Factor of 
Activated T Cells), controlling lymphocyte development 
and activity. However, while the role of NFAT signaling 
is well defined in T cells as cytotoxic lymphocytes of 
adaptive immunity, surprisingly little is known 
regarding the relevance of this transcription factor 
family in NK cells as effector cells of innate immunity. 
Available data indicate that NFAT activity is 
dispensable for development of NK cells. However, 
several lines of evidence including reports on the 
effects of the immunosuppressive drugs cyclosporin A 
and tacrolimus, which mediate their effects through 
inhibition of calcineurin and consecutively NFAT, 
implicate an involvement of the NFAT family in NK cell 
function. We here employed different genetic mouse 
models to unravel the role of NFAT1 (NFATc2) and 
NFAT2 (NFATc1) in NK cell reactivity. 

When NK cells with knockout (KO) of NFAT1 or NFAT2 
compared to NK cells of control mice (WT) were 
employed in in vitro analyses, lack of either NFAT was 
found to surprisingly result in enhanced NK cell 
degranulation as well as increased production of 
granzyme B and perforin upon stimulation of activating 
receptors like NK1.1 or Nkp46 or upon co-culture with 
different leukemia and solid tumor cells. In line, 
cytotoxicity assays revealed increased lysis of YAC-1 
and B16F10 tumor cells by both NFAT1- and NFAT2-
deficient NK cells as compared to WT controls. The 
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inhibitory effect of NFAT transcription factors on NK 
cell effector function could also be confirmed in vivo by 
employing WT and NFAT KO animals in syngeneic 
B16F10 melanoma and RMA-S flank tumor models, 
which revealed a significantly reduced tumor burden in 
NFAT1 and NFAT2 KO mice. Comparative analyses with 
single NFAT as well as NFAT1+NFAT2 double KO and 
WT animals further confirmed the inhibitory effect of 
NFAT1 and NFAT2 and pointed to additive effects of 
NFAT1 and NFAT2 in NK cell tumor 
immunosurveillance. 

Taken together, our results provide the first evidence 
for the direct functional involvement of NFAT1 and 
NFAT2 in NK cell antitumor reactivity and, in contrast 
to T and B cells, identify NFAT as a negative regulator 
of NK cell function. 
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Genetic loss of the transcription factor NFAT2 
(NFATc1), known as central mediator of lymphocyte 
development, causes an aggressive course of CLL. We 
have demonstrated that NFAT2 loss enhances B cell 
receptor signaling and leads to highly malignant and 
proliferative disease. This was shown in patients with 
transformation of indolent CLL to an aggressive B cell 
lymphoma (Richter´s syndrome) (Märklin et al. Nat 
Commun 2017). 

To investigate whether and how NFAT2 affects 
treatment resistance in CLL, we generated a 
CRISPR/Cas9 based NFAT2 knockout (KO) in MEC-1 CLL 
cells to model aggressive CLL. In immunodeficient NSG-
mice the NFAT2 KO cells showed a ten-fold higher 
engraftment in the bone marrow compared to the 
scrambled (SCR) control cells after three weeks. 

Cytotoxicity assays revealed profoundly higher 
resistance of NFAT2 KO cells to NK cell killing compared 
to the SCR cells by an equal level of recognition 
regarding NK cell activation, degranulation and IFNy 
release, which demonstrates no altered 
immunogenicity of the NFAT2 deficient CLL cells. 

CLL patients are routinely treated with anti-CD20 
antibody Rituximab, which mediates its efficacy largely 
by inducing antibody dependent cellular cytotoxicity 
(ADCC) of NK cells through secretion of perforin and 
granzymes. Treating MEC-1 NFAT2 KO cells with 
isolates containing the cytotoxic content of NK cells, 
unraveled increased resistance to membrane 
permeabilization compared to SCR control cells. In line, 
perforin blockade equalized susceptibility to 
membrane permeabilization of NFAT2 KO cells and 
controls, confirming the involvement of NFAT2 in 
maintaining membrane integrity. In addition, caspase 
3/7 activation was reduced in NFAT2 KO cells upon 
exposure to NK cell granule content as well as upon 
treatment with staurosporine, pointing to an 
involvement of NFAT2 in resistance at early stages of 
apoptosis. These results could be confirmed with 
primary CLL samples. After classification of patients 
into NFAT2-low and NFAT2-high samples, NFAT2-low 
patients showed higher resistance to perforin-
mediated lysis and less perforin binding in the cell 
membrane. 

Our results demonstrate that loss of NFAT2 allows CLLs 
cells to evade NK cell effector function. This holds true 
for both, constitutive cytotoxicity and therapeutically 
induced ADCC and is due to lowered susceptibility to 
perforin-mediated membrane permeabilization and 
intrinsic resistance to granzyme induced apoptosis. 
Thus, NFAT2 loss, which correlates with aggressive 
clinical course in patients, facilitates resistance of CLL 
cells to immunotherapeutic treatment modalities. 
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Objective 

While highly efficient in hematological malignancies, 
bispecific antibodies (bsAbs), alike the closely related 
CAR T cells, are as of yet not successful in solid tumors. 
Moreover, all presently available T cell-mobilizing 
strategies cause substantial side effects that endanger 
patients and, in case of bsAbs, limit applicable doses 
and thus efficacy. Here we report on the clinical 
evaluation of CC-1, a PSMAxCD3 bsAb constructed in 
an IgG-based format (IgGsc). Preclinical analyses 
documented prolonged serum half-life and fully target 
cell-restricted T cell activation resulting in potent 
antitumor activity in vitro and in vivo. Targeting PSMA 
which is expressed on both malignant cells and 
neovasculature, improves accessibility of the tumor 
site for immune effector cells as critical prerequisite for 
success in solid tumors. Notably, CC-1 binds an unique 
PSMA epitope which is expressed on malignant cells 
not only in prostate carcinoma, but also in 50% of 
patients with squamous cell carcinoma (SCC) of the 
lung (Zekri et al, EMBO Mol Med 2020). 

Method 

The First In Human (FIH) trial evaluating CC-1 is 
enrolling castration resistant prostate carcinoma 
(CRPC) patients (NCT04104607) and consists of two 
parts: a dose escalation part using a novel intra-

individual dose escalation design to rapidly reach the 
target dose of 826µg and to determine overall safety, 
tolerability as well as the maximum tolerated dose 
(MTD); in the dose expansion part, patients are treated 
on the MTD level to detect efficacy. Our second phase I 
trial enrolls patients with SCC of the lung to receive CC-
1 in combination with checkpoint inhibition. PSMA-PET 
imaging and determination of PSMA expression by 
immunohistochemistry are correlated to establish 
imaging as biomarker for non-invasive patient 
selection. Based on the meanwhile available very 
favorable safety and preliminary efficacy data, a third 
phase I trial was recently initiated where CC-1 is 
evaluated as first line treatment in patients with 
biochemical recurrence (BCR) of prostate cancer (PC). 

Result 

Recruitment in the dose escalation part of the FIH trial 
in CRPC was completed and the target dose was 
reached and MTD defined without DLT upon treatment 
of the 9th and 14th patient, respectively. Overall, 24 
patients have so far been treated, with the most 
frequently observed toxicity being cytokine release 
syndrome (CRS) (88% of patients), which notably did 
not exceed grade 2 (according to Lee grading system 
(Lee et al., 2014)). Besides mild to moderate 
hypertension (46% of patients) and xerostomia (8% of 
patients), no further CC-1 related toxicities were 
observed. A rapid and profound decline of elevated 
PSA levels was observed in all but one patient, with up 
to 60% reduction compared to baseline. Ten patients 
received multiple treatment cycles with the target 
dose based on clinical tolerability, potent induction of 
T cell activation and profound decline of elevated PSA 
levels. 

So far, one patient with SCC of the lung has been 
treated and CC-1 was escalated up to 153µg without 
occurrence of CRS. 

Recently, the phase I trial in BCR of PC has been 
initiated. This disease setting is considered as optimal 
for immunotherapy, as tumor burden is low and 
accordingly lower side effects as well as higher efficacy 
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are expected. The first patients are currently 
undergoing screening. 

Conclusion 

CC-1 is a promising compound with a favourable 
toxicity profile and clinical activity. Updated data from 
the 3 clinical trials will be presented at the meeting. 

15 
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Chimeric antigen receptor (CAR) T cells are genetically 
modified T cells that express a synthetic receptor 
which redirects the T cell against a specific antigen in a 
major histocompatibility complex (MHC) independent 
manner. CAR T-cell therapy adds a new layer of 
therapeutic options to the toolbox for treating cancer 
patients. To achieve the full potential of CAR T cells 
and a longitudinal treatment effect, a comprehensive 
characterization of the altered T-cell metabolism by 
the CAR is needed. Within here, metabolomics 
provides a functional readout of the physiological state 
of a system allowing to study molecular metabolism 
fingerprints of cellular processes. Here we aimed to 
unravel the effect of genetic engineering and 
molecular alterations on T-cell metabolomic profiles. 

We characterized the metabolic profiles of anti-CD19 
CAR T cells with 4-1BB and CD3ζ domains (19BBz) and 

compared them to untransduced T cells (UT) by high-
field (14.1 Tesla) proton nuclear magnetic resonance 
(NMR) spectroscopy-based metabolomics. Modified 
CAR T cells were stimulated with irradiated tumor 
target cells, and analyzed 24 h and 4 days after the 
second stimulation to investigate their longitudinal 
modifications on cellular metabolism. 

T-cell energy metabolism was affected by transduction 
and stimulation. Glucose concentration was the 
highest 24 h post-stimulation of the CAR T cells 
compared to UT. Meanwhile, tricarboxylic acid (TCA) 
cycle-associated metabolites citrate and fumarate 
were most consumed at 24 h post-stimulation of CAR T 
cells, suggesting an activated TCA cycle turnover. 
Citrate and fumarate returned to their baseline 
concentrations (similar to UT) 4 days post-stimulation, 
while glucose concentration was still increased 
compared to UT. Lactate showed an opposite trend to 
glucose: lactate was most consumed 24 h post-
stimulation of CAR T cells compared to UT. Glutamine 
and glutamate were present in untransduced cells but 
were reduced 24 h and 4 days post-stimulation, 
suggesting a shift to the glutaminolysis pathway, which 
was also indicated by higher concentrations of citrate 
and lactate 4 days post-stimulation, when we observe 
increased lactate in UT compared to CAR T cells 24 h 
post-stimulation. Redox metabolism mainly was 
affected in CAR T cells 24 h post-stimulation, indicated 
by the accumulation of glutathione disulfide and lower 
glycine concentration, which is a precursor for 
glutathione synthesis. Finally, the Kennedy pathway, 
which is involved in cell membrane synthesis and 
repair, was altered in CAR T cells: O-phosphocholine 
concentration was increased in both CAR T-cell groups 
compared to UT. Moreover, O-phosphoethanolamine 
concentration was the highest in CAR T cells 4 days 
post-stimulation, pointing towards longitudinal 
adaptation of cell membrane metabolism. 

1H-NMR spectroscopy-based metabolomics is a 
suitable tool for dynamic CAR T-cell metabolism 
characterization. Transduced cells show adaptive 
properties allowing them to switch between different 
metabolite usage to carry out and adapt energy 
metabolism, redox metabolism and membrane growth 
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and repair processes. These insights into CAR T-cell 
metabolism will aid the further development of novel 
and clinically relevant CAR T-cell constructs for optimal 
functionality of personalized therapy approaches. 
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Objective 

Pharmacological modulation of protein translation is of 
high interest for cancer treatment. In addition to 
proven translation modulators like rapamycin, first 
candidate drugs on the basis of eIF4A inhibitors are 
under discussion for the inhibition of cancer-specific 
translation programs. Imaging of translation would 
thus be of high clinical interest but is currently limited 
to in vitro experiments or to ex vivo fluorescent 
labeling of alkyne-labeled puromycin derivatives [1]. 
The uptake of radiolabeled amino acids has been 
discarded as a surrogate of protein translation as it 
instead correlates mostly with transporter expression 
and energy demand. The translation inhibitor 
puromycin mimics aminoacyl-tRNAs and is 
incorporated into nascent proteins, putatively leading 
to translation-specific uptake and retention in the cell. 
However, up until now no 18F-labeled puromycin 
derivative has been successfully evaluated and 
validated for protein translation in vivo. We thus set 
out to radiolabel puromycin with 18F, to evaluate its 
performance in vitro with different translation 
inhibitors and to analyze its biodistribution in naïve 
mice. 

Method 

Carboxy- and aminoprotected 4-boropinacolato 
phenylalanine was synthesized as a precursor for 
radiolabeling, and radiofluorination was established 
using a small-scale reaction optimization screening. 
After deprotection of the carboxyl group, the 
radiolabeled intermediate was conjugated to 
puromycin aminonucleoside and subsequently the N-
terminal protection group was cleaved. The product 
[18F]FPuro was purified by HPLC and formulated in 
phosphate-buffered saline with ethanol. Identity and 
purity were assessed by analytical radio-HPLC and 
radio-TLC. HEK293 and CHO cells were pre-treated with 
known inhibitors of protein synthesis (cycloheximide, 
rapamycin, rocaglamide), and incubated with the 
radiotracer. Incorporation of the radioactivity in cells 
and proteins was assessed using gamma-counter 
experiments and by SDS-PAGE with autoradiographic 
readout, respectively. Naïve C57BL/6 mice were 
intravenously injected with approximately 13 MBq of 
[18F]FPuro under isofluorane anesthesia and 
biodistribution was assessed on an Inveon DPET 
scanner for 60 min. A subsequent anatomical MRI scan 
was performed for organ co-registration. After the 
experiment, the organs were subjected to ex vivo 
measurements in a gamma-counter. 

Result 

The radiosynthesis yielded up to 400 MBq of the 
radiotracer from 4.5 GBq of [18F]fluoride in 90 min 
synthesis time (15% decay-corrected radiochemical 
yield) with excellent radiochemical and chemical purity 
(>95%). In vitro, only a low fraction of the added 
radioactivity was taken up by the cells in our filtration-
based cell uptake assay (0.7%, 24 kBq incubated with 
0.2 Mio cells for 2 h). The signal was readily blockable 
using excess of the unlabeled compound, and also 
strongly modulated in a dose-dependent manner by 
cycloheximide (0.4%), rapamycin (0.9%) and 
rocaglamide (0.4 %). These preliminary results were 
confirmed by clearly distinct incorporation patterns 
into proteins according to SDS-PAGE autoradiography. 
In vivo [18F]FPuro showed high initial uptake in heart, 
liver and kidneys (peak at 120, 55, and 65%ID/ccm, 
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respectively) with subsequent combined hepatobiliary 
and renal excretion. The PET images from our first in 
vivo experiment demonstrate uptake in the bones, 
potentially indicating defluorination of the molecule or 
specific [18F]FPuro uptake in the highly proliferating 
bone marrow. Ex vivo biodistribution analysis showed 
strongest signals in bones (10%ID/g), kidneys (6%ID/g), 
intestine (6.5%ID/g), and liver (7%ID/g). 

Conclusion 

We successfully obtained 18F-labeled puromycin in 
quantities to allow us preliminary in vitro and in vivo 
experiments. As a proof of concept, we were able to 
clearly modulate the tracer uptake using protein 
synthesis inhibitors and enhancers, encouraging 
further evaluation of this tracer. 
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T cell recognition of human leukocyte antigen (HLA)-
presented peptides plays a central role in the immune 
surveillance of malignant disease. Numerous 
immunotherapeutic approaches aim to utilize 
respective tumor antigens to therapeutically induce an 
anti-tumor T cell response, highlighting the importance 
of discovering suitable targets. The safety and efficacy 
of these therapies rely on the identification of HLA-
presented antigens that are exclusively presented on 
the cell surface of malignant cells to enable cytotoxic T 
cell recognition and immune-mediated tumor 
rejection, avoiding on-target, off-tumor side effects. 

Immunopeptidomics, the mass spectrometry-based 
identification of HLA-presented peptides, remains the 
only unbiased methodology to identify and 
characterize naturally presented HLA class I- and HLA 
class II-restricted peptides. In recent years, our group 
worked intensively on the immunopeptidome 
characterization of malignant and benign tissues, 
which enabled the identification of multiple novel 
tumor-associated antigens for prospective T cell-based 
immunotherapeutic approaches. This project 
introduces the next generation liquid chromatography-
mass spectrometry system timsTOF Pro (Bruker 
Daltonics) for immunopeptidomics analysis that 
couples ion mobility spectrometry with mass 
spectrometry analysis. Thereby, sensitivity, throughput 
time and quality of immunopeptidome analysis could 
be significantly improved resulting in a 1.5 fold 
increase in identified peptides compared to state of 
the art orbitrap mass spectrometry. In a first 
application using timsTOF-based immunopeptidomics, 
a benign reference immunopeptidome dataset was 
generated from 94 primary tissue samples. In total, 
98,902 unique HLA class I- and 146,585 different HLA 
class II-presented peptides from >13,000 different 
proteins were identified. When comparing this dataset 
to preexisting published benign databases, acquired 
with state-of-the-art mass spectrometry devices (HLA 
Ligand Atlas or Immune Epitope Database), 40% of the 
TimsTOF-identified peptides have not yet been 
described. Using the novel generated benign dataset, 
published leukemia- and ovarian cancer-associated 
tumor antigens could be refined by excluding up to 
60% of tumor antigens. Additionally, analysis of 

primary samples from three different tumor entities, 
renal cell carcinoma, head and neck squamous cell 
carcinoma and chronic lymphatic leukemia, revealed 
novel tumor-exclusive antigens, including mutation-
derived neoepitopes. This highlights the benefit of 
using this novel technology to more precisely identify 
tumor-associated antigens in future studies. 

Together, timsTOF Pro mass spectrometry enables high 
sensitive immunopeptidomics analysis that extends 
and refines existing databases and further enables the 
high-throughput definition of tumor-associated 
antigens in individual tumor samples for future large-
scale application in personalized T cell-based cancer 
immunotherapies. 
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T cell-based immunotherapy has revolutionized 
oncological treatment in several malignancies. 
However, many patients do not respond to treatment, 
and long-term remissions remain rare, particularly in 
gastrointestinal cancers like colorectal cancer (CRC). 
B7-H3 (CD276) is overexpressed in multiple cancer 
entities including CRC on both, tumor cells and tumor 
vasculature, the latter facilitating influx of effector cells 
into the tumor site upon therapeutic targeting. We 
here report on the generation of a panel of T cell-
recruiting B7-H3xCD3 bispecific antibodies (bsAbs) in 
an IgG-based (IgGsc) format. Comprehensive in vitro 
characterization revealed that targeting the 
membrane-proximal epitope Q179 of the B7-H3 
molecule allowed for a 100-fold reduction of CD3 
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affinity in our lead compound CC-3 with preserved 
superior tumor cell killing, efficient T cell activation, 
proliferation and memory formation, whereas 
undesired cytokine release was reduced. In vivo, CC-3 
further displayed the expected long half-life and 
mediated potent antitumor activity in three 
independent models using immunocompromised mice 
adoptively transferred with human effector cells with 
regard to prevention of lung metastasis and flank 
tumor growth as well as elimination of large 
established tumors. Taken together, our results 
demonstrate that fine-tuning of both, target and CD3 
affinities as well as binding epitopes allowed for the 
generation of a B7-H3xCD3 bsAb with promising 
therapeutic activity. Enabled by public funding, GMP 
production of CC-3 has meanwhile been completed, 
and the clinical "first in human" study in patients with 
CRC is expected to start recruiting in Q3/2023. 
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Objective 

In the era of personalized medicine, the ability of pre-
selecting individualized therapeutic options and pre-
defining their suitability in advance of clinical 
treatment might facilitate decision making in breast 
cancer therapy and hence, improve patient outcome. 
In order to preclinically validate anti-cancer drug 
efficacy, it is crucial to design a model system that 
reflects the influence of the tumor microenvironment 
and cellular heterogeneity on drug response. Within 
the PRIMO (Personalized Medicine for tailored cancer 
therapies) project, such a 3D preclinical model system 
comprised of patient-derived microtumors (PDM) and 
autologous tumor-infiltrated lymphocytes (TIL) was 
established and characterized using 
immunohistochemistry, multiplexed flow cytometry 
and protein profiling. Finally, breast cancer PDM were 
applied to compound efficacy testing using standard of 
care and investigational compound treatments based 
on identified protein signaling pathway activities. 

Method 

Residual fresh tumor tissue samples were obtained 
from n=102 patients diagnosed with breast cancer 
undergoing surgery at the Center for Women's Health, 
University Hospital Tübingen. Written informed 
consent was obtained from all participants prior to 
surgery. The research project was approved by the 
ethics commission at the Medical Faculty of Tübingen 
University (project number #788/2018BO2). Patient-
derived microtumors (PDM) and autologous tumor-
infiltrated lymphocytes (TIL) were isolated from fresh 
primary breast cancer tissue specimens using limited 
enzymatic digestion and subsequent suspension 
culture in defined media in the absence of serum. The 
composition of autologous TIL populations was 
characterized by multi-color flow cytometry detecting 
differential phenotypes including tumor-specific CD8+ 
and regulatory CD4+ T-cells. Histology and cellular 
composition of isolated PDM was analyzed by FFPE-
based histology and DAB-based 
immunohistochemistry. Histopathology and cytology of 
PDM were evaluated by a certified pathologist in 
comparison to corresponding primary tumor tissue 
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(PTT) sections. Multiplexed profiling of > 130 total and 
phosphorylated proteins was performed by DigiWest 
analysis from lysates of PDM and corresponding PTT 
samples. Microplate-based viability assays were 
applied for quantification of PDM response towards 
drug treatment. 

Result 

Histopathological and cytological comparison of n=40 
matched PDM / PTT pairs confirmed the similarity of 
patient-derived microtumors to corresponding primary 
breast cancer tissue. Furthermore, DAB-based 
immunohistochemistry allowed the distinction of PDM 
isolated from hormone-receptor positive (HR+) and 
triple-negative breast cancer (TNBC) based on 
hormone receptor expression. PDM isolated from n=45 
breast tumor specimens together with n=20 matched 
PTT samples were subjected to in depth protein 
profiling using DigiWest technology. Analyses of 
obtained datasets further confirmed the similarity of 
PDM and matched PTT regarding protein expression 
and allowed for the identification of protein markers 
differentially expressed between HR+ and TNBC PDM. 
Focused pathway analyses identified significantly 
increased activation of MAPK- and PI3K-signalling 
pathways in PDM isolated from TNBC as compared to 
PDM from HR+ breast tumor specimens. Results from 
protein profiling analyses were linked with 
individualized treatment responses of the same 
microtumor models towards anti-estrogen 
(Tamoxifen), taxane (docetaxel, paclitaxel), PARP-
inhibitor (Olaparib) and CDK-inhibitor (Palbociclib) 
treatment using a microplate-based viability assay. 
Integrative analysis of protein profiling and compound 
efficacy assay data identified potential markers of 
treatment resistance significantly up-regulated in non-
responder microtumor models including CDK6 protein. 

Conclusion 

Our platform of patient-derived breast cancer 
microtumors expands the preclinical repertoire of 
relevant test systems for efficacy assessment of drugs 
and investigational compounds, pre-identified by 
protein signaling pathway profiling as well as genetic 

analyses, in personalized medicine of breast cancer 
and enables identification of potential markers of 
individualized treatment response. 
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Background 

Peritoneal metastasis is associated with the poor 
prognosis of ovarian cancer patients and often 
accompanied by the production of malignant ascites 
inside the peritoneal cavity. Ascites can alter the tumor 
microenvironment and facilitate tumor progression 
and recurrence. Yet, the detailed mechanisms how 
ascites influences tumorigenesis or the reduced 
efficacy of chemotherapy are little understood. In this 
study, a deeper molecular and physical-chemical 
characterization of malignant ascites was performed 
and its effect on in vitro ovarian cancer cell 
proliferation investigated. 

Method 

This explorative study included 10 malignant ascites 
specimens from ovarian cancer patients. Ascites 
samples were deeply phenotyped by 1H-NMR based 
metabolomics, gas flow analysis and a 13-plex cytokine 
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panel. Metabolic activity, adhesion, anti-apoptosis, 
migratory ability adhesion assay, flowcytometry and 
scratch assay were performed to investigate 
characteristics of tumor cells using a 3D spheroid 
model. Furthermore, 10% malignant ascites was added 
to the test samples in order to assess the effects of 
different pH values. 

Result 

The overall extracellular (peritoneal) environment was 
alkaline, with an average pH of ascites at stage II-
III = 7.51 ± 0.16, and stage IV = 7.78 ± 0.16. Ovarian 
cancer spheroids grew rapidly in a slightly alkaline 
environment. Decreasing pH of the cell culture 
medium suppressed tumor features, metabolic activity, 
adhesion, anti-apoptosis, and migratory ability. 
However, 10% ascites could prevent tumor cells from 
being affected by acidic pH. Metabolomics analysis 
identified concentrations of alanine, isoleucine, 
phenylalanine, and glutamine which were significantly 
higher in stage IV patients than stage II-III patients. At 
the same time, stages II-III patients showed 
significantly higher concentrations of 3-
hydroxybutyrate. Glutathione was negatively 
correlated with proinflammatory cytokines and 
chemokines, and interferons (IFNs) and TNF-α were 
almost undetected. Moreover, various positive and 
negative correlations were observed between physical-
chemical parameters, polar and lipid metabolites, and 
cytokines. 

Conclusion 

Malignant ascites facilitated ovarian cancer 
progression. However, acidification of ascites inhibited 
cancer cell proliferation in vitro. Additionally, deep 
ascites phenotyping by metabolomics and cytokine 
investigations allows for a refined stratification of 
ovarian cancer patients. 

https://doi.org/10.1186/s12967-022-03763-3 

https://translational-
medicine.biomedcentral.com/articles/10.1186/s12967-
022-03763-3 
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Introduction 

Cancer cells overproduce lactate even in the presence 
of high oxygen and glucose levels, a phenomenon 
called Warburg effect. Most of the lactate produced by 
cancer cells builds up in the extracellular environment, 
affecting the tumor and the homeostasis of the 
surrounding tissues. Hence, a method for imaging 
extracellular lactate produced by the tumors is of 
utmost importance to better understand tumor 
metabolism. Previous reports showed extracellular 
lactate could be detected using a paraCEST shift 
reagent (SR), EuDO3A, that binds lactate and shifts its 
OH-CEST signal away from the water signal1. We report 
here the first results of a new generation of PCTA-
based SRs, Eu- and YbPCTA, able to image extracellular 
lactate by CEST MRI with improved kinetic inertness2. 

Method 

Phantoms containing 20 mM Eu- and YbPCTA dissolved 
in water or serum in the presence/absence of lactate 
(5-600 mM) were imaged in a 7 T preclinical MR 
scanner (Bruker Biospec 70/30) using an established 
CEST FISP sequence and different sets of 5 seconds 
pre-saturation pulses (B1 ranging from 2 to 21 μT), to 
generate CEST spectra, lactate-SRs calibration curves, 
and to determine binding affinities. Exchange rates 
were calculated using the Omega plot method. 



 

22 

Relaxivity r1 and r2 values of the SRs (0-10 mM) were 
calculated from T1 and T2 maps. Structural chemical 
analysis of 1:1 lactate-SR complexes was performed 
with 1H-NMR recorded on a Bruker AVANCE III 400 
NMR (9.4 T) spectrometer at different pH and 
temperatures. Phantoms containing cell culture 
supernatants and SRs were acquired with the same 
protocols to detect lactate excreted by MC-38 cancer 
cells over 48h in standard culture conditions. Lactate 
concentrations calculated from CEST images were 
cross-validated with an enzymatic assay. In vivo, CEST 
detection and SR excretion were tested in healthy 
mice. After i.v. injection of 0.5 mmol/Kg of 
lactate*YbPCTA, CEST images at 109 ppm were 
acquired every 5 minutes using 3 seconds, 14 μT 
saturation pulses, then the dynamics of MR signal were 
determined for bladder and muscle tissue. 

Result 

Eu- and YbPCTA complexes are able to shift the lactate 
–OH CEST signal far away from its typical chemical shift 
(0.6-0.8 ppm) and the water protons (0 ppm), resulting 
in a CEST effect easily detectable by CEST MRI. The 
lactate-YbPCTA complex displays a larger chemical shift 
(> 95 ppm) compared to EuPCTA (10-18 ppm), and 
titrations of lactate showed a perfect linear correlation 
between lactate concentration and CEST signals 
produced by Eu- and Yb- complexes at neutral and 
acidic pH. Exchange rates (kex) presented a minimum at 
neutral pH for EuPCTA and pH 6 for YbPCTA. r1 
relaxivity, a key governing parameter for CEST 
detection, was determined in serum at 37°C to be  
0.009 mM-1∙s-1 for YbPCTA and 0.003 mM-1∙s-1 for 
EuPCTA. Contrary to previous reports for LnDO3A 
complexes1, high-resolution 1H-NMR at various 
temperatures detected only the presence of a single 
diastereomer in solution for the lactate*Yb- and Eu-
PCTA ternary complexes. We also performed lactate 
titrations to determine the binding affinity of lactate to 
Eu- and YbPCTA, and the obtained results were similar 
to the previously reported EuDO3A. The potential of 
the SRs was demonstrated by quantifying the 
extracellular lactate produced by MC-38 cells growing 
in cell culture using CEST MRI. The chemical shifts 
produced by Eu- and YbPCTA-lactate are large enough 

to exclude any possible interference from the water 
and other endogenous CEST signals. LDH assays 
confirmed the accuracy of extracellular lactate 
detection with this approach. Selectivity of detection in 
the presence of potentially confounding OH- and NH- 
resonances was further tested by CEST MRI using 
serum, fresh growing medium, citrate, bicarbonate, 
and phosphate. In vivo studies with healthy mice also 
confirmed the efficient detection of extracellular 
lactate in the muscle and bladder upon i.v. injection of 
lactate*YbPCTA. The complex lactate*YbPCTA is 
cleared fast into the bladder with almost total 
clearance at 60 min post-injection. 

Conclusion 

We demonstrated for the first time that alternative 
lanthanide-PCTA complexes could successfully detect 
extracellular lactate by CEST MR imaging in vitro and in 
vivo. The superior kinetic inertness and 
thermodynamic stability of the Ln-PCTA complexes 
make them optimal candidates for safe translational 
imaging studies. These results provide the framework 
to develop and characterize new SRs to image 
extracellular lactate produced in tumors and metabolic 
compartmentalization by non-invasive CEST MRI. 
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The DNAJB1-PRKACA fusion transcript was identified as 
the oncogenic driver of tumor pathogenesis in 100% of 
fibrolamellar hepatocellular carcinoma (FL-HCC), a rare 
tumor disease which affects children and adolescents 
without history of primary liver disease. Moreover, this 
fusion transcript was identified in other cancer entities, 
giving the prospect that therapeutic targeting of the 
DNAJB1-PRKACA fusion protein might improve 
treatment options in multiple cancer entities. We 
investigated the role of the DNAJB1-PRKACA fusion 
protein as a source of immunogenic human leukocyte 
antigen (HLA)-presented neoepitopes and showed the 
first immunotherapeutic application of these antigens 
in a FL-HCC patient (Bauer et al. Nat. Commun., 2022), 
resulting in an upcoming clinical trial further evaluating 
the safety and efficacy of a DNAJB1-PRKACA fusion 
transcript-based peptide vaccine. 

In silico prediction of DNAJB1-PRKACA fusion protein-
derived HLA class I and HLA class II-presented 
neoantigens identified nine unique binding cores for a 
total of 1,290 different HLA class II alleles as well as 13 
different HLA class I ligands for the 20 most frequent 
HLA class I allotypes (European population). Cellular 
processing and presentation of DNAJB1-PRKACA-
derived HLA-presented peptides was proven by liquid 
chromatography-coupled tandem mass spectrometry 
(LC-MS/MS) of DNAJB1-PRKACA transduced HCC cell 
lines. The immunogenicity of DNAJB1-PRKACA-derived 
peptides was assessed for an HLA class II peptide 
(FusionVac-22), an HLA-A*24 peptide (PA*24), and an 
HLA-A*68 peptide (PA*68) by in vitro priming 
experiments, which showed induction of 
multifunctional peptide-specific CD4+ and CD8+ T cells, 
respectively, with expression and production of 
CD107a, IFNγ, and TNF. Furthermore, PA*24-specific T 
cells showed antigen-specific lysis of autologous 
DNAJB1-PRKACA peptide-loaded target cells and 
single-cell RNA sequencing (10x Genomics) of PA*24-
specific CD8+ T cells enabled the identification of 
DNAJB1-PRKACA-specific T cell receptors. 

We further applied a DNAJB1-PRKACA fusion protein-
based peptide vaccine to a patient with histologically 
confirmed FL-HCC. The vaccine was applied twice 
within a 6-week interval and adjuvanted with the toll-
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like receptor (TLR) 1/2 agonist XS15 emulsified in 
MontanideTM ISA51 VG. After two vaccinations, in vivo 
induction of multifunctional CD4+ T cells targeting the 
vaccine peptide was observed by IFNγ ELISPOT assay. 
Single-cell RNA sequencing of vaccine-induced CD4+ T 
cells revealed distinct gene expression clusters of T cell 
activation and high T-cell receptor (TCR) clonality. 
DNAJB1-PRKACA-specific T cells persisted in peripheral 
blood and were accompanied by relapse-free survival 
of the patient until now, 27 months post vaccination. 
These findings identify the DNAJB1-PRKACA fusion 
transcript as novel prime source for broadly applicable 
neoepitopes and corresponding TCRs and provide first 
evidence for their successful application in cancer 
immunotherapy. 

Based on these preclinical and clinical data we 
established a phase I open label multicentric clinical 
trial (EU-CT Number 2022-502869-17-00) evaluating 
the immunogenicity along with safety and toxicity, as 
well as preliminary efficacy of a DNAJB1-PRKACA fusion 
protein-based peptide vaccine combined with the anti-
PD-L1 antibody Atezolizumab (TecentriqTM) for FL-HCC 
and other tumor entities carrying the oncogenic fusion. 
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Antitumor antibodies like Rituximab and Trastuzumab 
activate the patient"s immune system to engage 

malignant cells, and antibody-dependent cellular 
cytotoxicity (ADCC) mediated by NK cells largely 
contributes to their efficacy. Despite the advances 
achieved by their introduction in cancer treatment, an 
urgent medical need remains to improve and optimize 
the efficacy of antibody therapy. This may be 
achievable using the cytokine IL-15 which induces 
proliferation and activation of NK cells and enhances 
their cytolytic capacity. So far, short half-life, poor 
accumulation at the tumor site and severe toxicity 
upon systemic application due to unspecific immune 
activation limit IL-15 efficacy in patients (Conlon et al, 
JCO 2015). IL-15 predominantly acts as part of an 
immunological synapse with IL-15Rα expressed on 
antigen-presenting cells, which present IL-15 in trans to 
IL15Rβγ receptor expressing cytotoxic lymphocytes. 
We here report on "modified immunocytokines" which 
consist of Fc-optimized CD19 or CD20 antibodies for 
targeting malignant B cells fused to an IL-15 mutant 
with abolished binding to IL-15Rα and optimized 
agonism for IL-15Rβγ termed MIC+19 or MIC+20. 
Abrogated IL-15Rα binding enables substitution of 
physiological trans-presentation by target binding of 
the antibody and in turn target-dependent stimulation 
of IL-15Rβγ with improved stimulatory capacity. 
Analyses of activation, anti-leukemia reactivity and 
toxicity in vitro with autologous and allogeneic CD19+ 
B cells as targets using immunocytokines containing 
unmodified IL-15 as well as MIC constructs with 
unrelated specificity as controls confirmed target 
antigen-dependent function. Compared to Fc-
optimized CD19 and CD20 antibodies, MIC+ constructs 
mediated clearly superior target cell killing, and 
induced pronounced and long-lasting proliferation of 
NK cells. Xenograft mouse models using luciferase-
expressing Nalm-6 cells and patient ALL cells with 
human NK cells as effectors confirmed potent and 
target-dependent anti-leukemic activity. In summary, 
our MIC constructs combine the benefits of Fc-
optimized antibodies and IL-15 activity and induce 
superior reactivity and proliferation of NK cells against 
B cell malignancies with low side effects that allow for 
clinical application of truly effective doses. 
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Over the past decade, bispecific antibodies (bsAbs) 
emerged as a promising class of therapeutics that 
effectively link tumor cells to T cells and trigger T cell 
activation through the so-called "T cell-signal 1" 
resulting in tumor cell destruction. However, 
therapeutic success of available bsAbs is still limited 
due to (i) lack of sufficiently tumor-specific target 
antigens (TAAs) resulting in potentially lethal side 
effects, (ii) in case of solid tumors insufficient 
accessibility for T cells and, most importantly, (iii) lack 
of the costimulatory "signal 2" to sustain T cell activity 
and prevent anergy after TCR/CD3 activation. Recently, 
we introduced a "PSMAxCD3 bsAb termed CC-1 that 
currently is evaluated as monotherapy in castration 
resistant prostate carcinoma patients (NCT04104607). 
Whereas CC-1 treatment substantially reduced PSA 
levels in all patients, the induced T-cell activity appears 
rather short-lived. To sustain T cell antitumor-
reactivity, we developed a combinatorial approach 
using bispecific costimulators for activation of CD28 
(BiCos) to be used in combination with CD3-directed 
bsAbs including CC-1. Targeting different TAAs with 
both reagents increases tumor specificity. For all CD3-
directed bsAbs and BiCos, target binders were selected 
from newly generated panels of antibodies based on 
optimal functional properties directed to antigens that 
are expressed not only on tumor cells, but also on 
tumor vessels. Thereby we aim to improve access of T 

cells to the tumor site, thus addressing the problem of 
accessibility stated above. The chosen target binders 
were evaluated in various bispecific formats, and an 
optimal format showing good producibility, low 
aggregation tendency and, most importantly, exclusive 
target cell-restricted CD28 activity was selected for 
generation of BiCos. Unlike CD28 superagonist 
molecules, which caused profound toxicity in early 
clinical trials, and in line with the fact that 
physiologically CD28 stimulation alone does not induce 
T cell activation, but is strictly dependent on the 
presence of T cell-signal 1, our BiCos induced neither 
therapeutic activity nor toxicity as single agents. In 
combination with CD3-directed bsAbs, BiCos allowed 
for increased selectivity of the induced T cell response, 
increased and sustained T-cell proliferation, even at 
low doses of CD3-directed bsAbs, long-lasting T cell 
memory formation, and significantly improved 
antitumor activity as documented in multiple in vitro 
assays as well as xenograft mouse models evaluating 
prevention of metastasis and eradication of large 
established tumors. The combinatorial approach 
relying on our new BiCo format thus allows for 
reduction side effects while at the same time 
improving efficacy of T cell-based immunotherapy for 
solid cancers. GMP compliant production of BiCo-1 is 
presently ongoing, and a combinatorial clinical "first in 
man" study in prostate cancer patients is in 
preparation. 
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Glioblastoma is known as the most aggressive and 
most common malignant primary tumor in the central 
nervous system. Current treatment options comprise 
maximal surgical resection followed by radiation 
and/or chemotherapy with temozolomide. However, 
these therapies are not able to eliminate all tumor 
cells, which inevitably leads to disease recurrence and 
an alteration of identified targets in the context of 
clonal evolution and potential hypermutation. T cell-
based immunotherapy holds great promise to target 
malignant cells with CAR T cell and vaccination 
strategies, showing the first promising results in 
glioblastoma. These therapies rely on the rejection of 
cancer cells through the recognition of tumor antigens 
and T cell-mediated cytotoxicity. In previous work, we 
have characterized such tumor antigens in newly 
diagnosed glioblastoma (Neidert et al., Acta 
Neuropathol, 2018); nonetheless, alterations in 
relapsed disease have not been addressed thus far.  

This study investigated the whole exome and 
transcriptome of 30 primary and 23 recurrent tumors 
and the immunopeptidome of 38 primary and 24 
recurrent tumors, including 22 autologous 
glioblastoma pairs, to determine somatic alterations 
that occur during glioblastoma progression on multiple 
omics levels. In concordance with previous findings 
(Neftel et al., Cell, 2019), we identified mutations that 
can be allocated to astrocyte- and mesenchymal-like 
classified genes. In addition, an increase in the 
mutation rate in recurrent glioblastoma was observed, 
which is attributed to radiation and chemotherapy 
pretreatment of recurrent tumors. These newly arising 
tumor-specific mutations give rise to naturally 
presented HLA-restricted neoepitopes in the recurrent 
cohort. Moreover, we identified 59 differentially 
expressed transcripts between the two cohorts, 
showing a higher expression of transcripts related to 
immune system responses in the recurrent cohort. 
Comparative immunopeptidome profiling of the two 
cohorts, with an in-house benign database comprising 
30 distinct primary human organs (n=418 HLA class I 
and n=364 HLA class II datasets), revealed 9,519 and 



 

27 

36,883 glioblastoma-associated HLA class I and HLA 
class II ligands, respectively. These glioblastoma-
associated peptides are presented in newly diagnosed 
and/or recurrent glioblastoma, which might serve as 
universally applicable tumor antigens. Furthermore, we 
identified 2,146 HLA class I- and 2,753 HLA class II-
presented peptides that are exclusively presented on 
newly diagnosed glioblastoma, as well as 610 HLA class 
I and 1,886 HLA class II recurrence-exclusive antigens.  

Together this work addressed differences in tumor 
antigen expression and presentation between primary 
and recurrent glioblastoma using these omics layers to 
create an overview of the alterations that occur during 
disease progression. Besides providing a deep insight 
into glioblastoma (immuno-)biology during 
progression, this study yields targets for innovative 
immunotherapeutic approaches to eliminate residual 
cells and improve survival in glioblastoma patients. 
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Objective 

The tumor-immune interaction as well as patient-
specific conditions play a crucial role in tumor 
prognosis and therapy resistance. In the area of 
personalized medicine, patient-derived tumor tissues 
represent a promising tool to access individual drug 
and dose responsiveness. However, conventional 

readouts often lack in their capacity to fully capture 
dynamic conditions as they often require the 
application of additional reagents, destructive sample 
processing or only represent endpoint or pooled 
readouts. Our aim is to establish real-time observations 
of Patient Derived Microtumors (PDMs) in a 
microfluidic platform to assess their responsiveness to 
different cancer therapies. 

Method 

Non-invasive imaging techniques are promising tools 
for marker-independent in situ monitoring of dynamic 
processes in cellular systems. Fluorescence lifetime 
imaging microscopy (FLIM) is especially sensitive to 
metabolic changes by targeting the endogenous 
fluorophores NADH and FAD. FLIM measurements 
were established for cell-line and patient-derived 3D 
tumor aggregates that were subjected to different 
cancer therapies in a microphysiological culture 
format. 

Result 

Initially, a protocol using MCF-7 spheroids was 
established to monitor the metabolic response in live 
3D cell aggregates by FLIM. The FLIM data were 
compared to conventional assay-format of 
proliferation, viability and apoptosis markers to 
evaluate the sensitivity to detect metabolic changes at 
an early onset and for individual tumor spheroids. 
Furthermore, the protocols were translated to PDMs in 
a 3D microenvironment in a tumor-on-chip platform 
and monitored over time. Metabolic changes targeting 
the ratio between glycolysis or oxidative 
phosphorylation were identified. 

Conclusion 

In the future, FLIM will be further implemented to 
monitor patient-specific treatment efficacies to enable 
the monitoring of tailored cancer therapy approaches. 
Advancing the complexity of the tumor-on-chip 
platform might reveal more information about the 
contribution of the tumor-immune interaction. 
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Objective 

The tumor-immune interaction plays a crucial role in 
tumor prognosis and therapy resistance. However, the 
role of immune escape and the tumor 
microenvironment are still not fully understood. 
Immune cell differentiation and polarization are 
essential parameters to access their functionality. 
Conventional methods to characterize immune cells - 
such as surface marker or cytokine expression - often 
require invasive sample preparation and do not allow 
for time- or single cell-resolved measurements. 
Therefore, non-invasive imaging techniques are 
promising tools for marker-independent and non-
destructive investigations at spatial and temporal 
resolution. 

Method 

Raman microspectroscopy and imaging (RMS) can 
access various cell and tissue structures due to their 
unique molecular-sensitive spectral fingerprints. Our 
aim is to enable the real-time observation of tumor-
immune interaction and the tumor responsiveness to 
different cancer therapies. Therefore, RMS was 
implemented on single cells, tissue sections and living 
3D tissues to differentiate circulating and tissue-
resident immune cell subsets. 

Result 

As a first step, reference spectra of different immune 
cell subtypes were generated via immunofluorescence-
guided RMS on tissue sections of patient-derived 
microtumors (PDMs). Current focus resides on the 
identification of monocyte derived cells and 
lymphocytes, where it could be shown that Raman 
signatures are sensitive to discriminate between pro- 
and anti-inflammatory macrophages. Further immune 
subtypes are being investigated. 

Conclusion 

In the future, the protocols will be translated into 3D 
tissue samples in microphysiological organ-on-chip 
models. These readouts will enable the in situ 
monitoring of tissue-infiltrating immune cells in a 
patient-derived physiologically relevant in vitro model 
and unravel information about the principles and 
dynamics of tumor-immune interaction. 



 

29 

29 
Preliminary results of a Phase I trial of personalized 
multi-peptide vaccines combined with the TLR1/2 
ligand XS15 under Bruton-Tyrosine-Kinase inhibitor 
(BTKi) treatment in CLL patients 
Y. Maringer1,2,3, M. Wacker1,2,3, M. Marconato4,5, A. 
Nelde1,2,3, B. Federmann4,3, M. Richter1,4,2,3,6, M. 
Denk1,4,2,3,6, H. R. Salih4,3, J. S. Heitmann4,3, J. S. 
Walz1,4,2,3 
1University Hospital Tübingen, Peptide-based 
Immunotherapy, Tübingen, Germany 
2University of Tübingen, Insitute for Cell Biology, 
Department of Immunology, Tübingen, Germany 
3University of Tübingen, iFIT Cluster of Excellence EXC 
2180 „Image Guided and Functionally Instructed Tumor 
Therapies“, Tübingen, Germany 
4German Cancer Consortium (DKTK), Clinical 
Collaboration Unit Translational Immunology, 
Tübingen, Germany 
5University Hospital Zurich and University of Zurich; 
Comprehensive Cancer Center Zurich, Department of 
Medical Oncology and Hematology, Zurich, Switzerland 
6German Cancer Consortium (DKTK) and German 
Cancer Research Center (DKFZ) partner site Tübingen, 
Tübingen, Germany 

Therapeutic success in chronic lymphocytic leukemia 
(CLL), the most common leukemia in adults, has greatly 
improved with targeted substances, including the 
Bruton-Tyrosine-Kinase inhibitor (BTKi) Ibrutinib, 
entering clinical routine. Nevertheless, the survival of 
residual CLL cells, also defined as minimal residual 
disease (MRD), still causes early disease relapse. 
Relapses may be prevented and remission may be 
achieved by immunotherapeutically targeting MRD. 
Here, we report on preliminary results of the Phase I 
trial of a personalized multi-peptide vaccine 
adjuvanted with the novel toll-like receptor (TLR) 1/2 
agonist XS15 (Rammensee et al. J Immunother Cancer 
2019) emulsified in montanide ISA51 VG, in CLL 
patients (n = 20) under BTKi treatment (NCT04688385, 
iVAC-XS15-CLL01). 

The selection of the peptide warehouse comprising a 
total of 12 peptides, including 9 HLA class I epitopes, 
restricted to the common allotypes HLA-A*02, HLA-

A*24 and HLA-B*07, as well as 3 HLA class II epitopes, 
was based on comparative mass spectrometry-based 
immunopeptidome analyses of 61 CLL patient samples 
with benign tissue samples, allowing for the 
identification of high frequent CLL-associated antigens. 
Immunogenicity of these peptides was confirmed by 
assessing pre-existing and de novo T-cell responses 
(Nelde et al., Front Immunol, 2021). Within the trial, 
every patient-individual peptide vaccine cocktail is 
selected based on the immunopeptidome and/or the 
HLA allotype of the individual patient and contains six 
CLL-associated peptides (3 HLA class I and 3 HLA class II 
peptides). Following partial remission through BTKi 
treatment, patients are administered 3 doses of 
personalized vaccine cocktail in a monthly interval. 

Of the 19 patients recruited for this trial to date, 14 
have been vaccinated. For each patient in which 
immunopeptidome analyses were possible, at least 
one naturally presented warehouse peptide (mean 3, 
range 1-5) could be identified to be presented by the 
patients CLL cells. The expected local granuloma 
formation at vaccination site was observed in 100% of 
patients, which enables continuous local stimulation of 
CLL-specific T cells without systemic inflammation. 
After 3 vaccinations, immunogenicity monitoring 
revealed detectable vaccine-specific T-cell responses 
against HLA class I-restricted peptides in 43% of 
patients, as well as against HLA class II-restricted 
peptides in 100% of patients. The vaccine-induced T-
cell responses were mediated by both CD4+ and CD8+ 
T cells, which are able to produce multiple cytokines, 
including IFN-g, TNF and IL-2. 

Preliminary results of this Phase I trial in CLL patients 
show successful induction of CD4+ and CD8+ vaccine-
specific T-cell responses targeting CLL-associated 
epitopes following personalized peptide vaccination. 
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Objective 

Small cell lung cancer (SCLC), the most aggressive 
subtype of lung cancer, is characterized by a high 
proliferation rate, early metastatic spread and poor 
prognosis. SCLC is initially highly sensitive to 
chemotherapy and radiotherapy, but relapses often 
occur leaving the patient without effective treatment 
options. Immune checkpoint blockade as a 
combination therapy with chemotherapy has been 
recently also approved, however, despite a high 
mutational burden in SCLC, only a minority of patients 

benefits from this treatment. The SCLC-associated 
antigens that are recognized by T cells are largely 
unknown. In this work, we aim to analyze naturally 
presented HLA class I and class II peptides to identify 
SCLC-associated T cell targets by mass spectrometry 
(MS)-based immunopeptidomics. These targets could 
be used for novel immunotherapy approaches, e.g. 
peptide-based vaccination or cellular therapy. 

Method 

SCLC tumor samples were obtained from two sources: 
from cryorecanalization or biopsies, and from mouse 
xenografts derived from patients´ circulating tumor 
cells or from biopsies. Tumor lysis was followed by HLA 
class I and class II immunoprecipitation with pan-HLA 
antibodies. After acidic elution and ultrafiltration, HLA 
ligands were identified by liquid chromatography 
coupled to tandem mass spectrometry (LC-MS/MS). To 
identify non-mutated tumor-exclusive ligands, a 
comparative analysis with a benign tissue reference 
database (publicly available HLA ligand atlas and in-
house database) was performed. To search for 
mutated peptides, patient-specific mutated sequences 
derived from whole exome sequencing were included 
in the database for peptide sequence annotation. 

Result 

So far, 17 SCLC tumor samples (six fresh/frozen tumors 
from cryorecanalization, one fresh/frozen biopsy and 
ten tumors from xenograft models) were analyzed. For 
xenograft samples, the strategy for peptide recovery 
was optimized to improve overall peptide yields. After 
observing that a large fraction of immunoprecipitated 
peptides were derived from mouse proteins, the 
peptide selection strategy was adapted to exclude 
mouse-derived peptides from further analysis. 
Altogether, we identified 36,251 HLA class I ligands, of 
which 15,723 sequences were shared and 20,528 were 
unique to single samples. The SCLC donor cohort 
covered 9 HLA-A, 16 HLA-B and 13 HLA-C allotypes, 
with respectively 8, 9 and 9 being shared by at least 
two samples. Additionally, we identified 25,182 HLA 
class II peptides, of which 12,226 were shared and 
12,956 were unique to single samples. 
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By comparative analysis of HLA class I ligands found on 
fresh/frozen SCLC tumor samples and HLA class I 
ligands found on benign tissues like lung, brain, liver, 
etc., we identified 3,905 non-mutated tumor-exclusive 
HLA class I ligands. We searched in the xenograft data 
for these tumor-exclusive ligands and identified 60 
ligands that were also shared by the xenograft models. 
Overall, 164 ligands were found in at least two 
different SCLC samples. These peptides derived from 
154 different source proteins and were presented on 
25 different HLA class I types. Five ligands were 
identified on four different SCLC samples. No mutated 
neoantigens could be identified so far, in ten 
xenograft-derived tumors and one fresh biopsy 
analyzed. 

Conclusion 

We were able to identify HLA class I ligands and HLA 
class II peptides from two different SCLC tumor 
sources: xenograft models and fresh/frozen patient 
tumors. We identified tumor-exclusive HLA class I 
ligands either in single samples or shared by several 
SCLC tumors. More samples are available and will be 
analyzed soon, n=4 tumors from cryorecanalization, 
n=6 samples from xenograft models and one 
exploratory sample of SCLC patient-derived cells. 
Moreover, peptides are currently selected for T cell 
immunogenicity testing with autologous PBMC 
samples, PBMCs from HLA-matched SCLC patients, or 
PBMCs obtained from healthy donors. Further sample 
collection and analysis, e.g. of HLA class II bound 
peptides, is ongoing. Identification of immunogenic 
tumor-specific peptides in SCLC should enable the 
design of personalized tumor vaccines offering patients 
alternative treatment options. 

31 
TCRmimic CAR T cells – opportunities and challenges 
from target selection to target abundance  
T. Dao1, L. Wang2, Z. Yang3, J. Liu3, S. S. Mun1, L. 
Peraro1, T. Gardner1, C. Bourne1, M. Dacek1, T. 
Korontsvit1, C. Liu3, D. Scheinberg1,4, U. Keller2,5,6, M. 
Klatt2,7,6 
1Memorial Sloan Kettering Cancer Center, New York, 
NY, United States 
2Charité – Universitätsmedizin Berlin, Berlin, Germany 
3Eureka Therapeutics, Emeryville, CA, United States 
4Weill Cornell Medicine, New York, NY, United States 
5Max-Delbrück-Center for Molecular Medicine, Berlin, 
Germany 
6German Center for Translational Cancer Research 
(DKTK), Heidelberg, Germany 
7Clinician Scientist Program, Berlin Institute of Health 
(BIH), Berlin, Germany 

Question 

Chimeric antigen receptor (CAR) T cells have 
demonstrated high efficacy especially against 
hematological malignancies. However, target selection 
for CAR T cell therapy remains challenging as cell 
surface proteins are mostly not cancer-specific and 
therefore often not adaptable for CAR T cell therapy. In 
contrast, many intracellular proteins can be highly 
tumor specific and are targetable after proteasomal 
degradation and presentation on human leukocyte 
antigen (HLA) complexes. These complexes can be 
recognized by T cell receptor-based drugs which 
recently got first approvals for uveal melanoma and 
post-transplant lymphoproliferative disease (PTLD). T 
cell receptor mimic CAR T cells combine the positive 
aspects of both treatment strategies as they are 
specific for peptide:HLA complexes but can also utilize 
the high efficacy mediated through CAR T cells. Still, 
this efficacy is known to be strongly associated with 
the number of presented target molecules per cell. We 
have designed a TCRmimic CAR T cell specific of a 
peptide presented on HLA-A*02 derived from the 
mitosis-associated protein NDC80 which showed 
promising efficacy in vitro and in vivo. However, 
considering the dependence of CAR T cell efficacy on 
target abundance we wanted to ask if this efficacy 
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could be further improved via pharmacological 
modulations which would increase target presentation, 
e.g. small molecules targeting NDC80 or drugs which 
lead to mitotic arrest. 

Method 

Recently, we isolated a TCRmimic CAR T cell specific for 
ALNEQIARL:HLA-A*02 via screening the E-ALPHA® 
phage library owned by Eureka Therapeutics. The lead 
clone of this screen NDC80-L1 showed high sensitivity 
and specificity for the target HLA:peptide complex in 
both, antibody and CAR T cell format. It demonstrated 
binding primarily to the central region of the HLA 
ligand as determined by alanine screening assays. The 
exquisite specificity of NDC80-L1 was further illustrated 
by NDC80 knockdown experiments as well as 
successful immunopurification of the target peptide 
together with no relevant off-targets from BV173 ALL 
cells in mass spectrometry assays. Sensitivity was 
assessed primarily in the CAR T cell format: Multiple 
tumor cell lines of different origin (e.g. ALL, AML, 
DLBCL, PTCL, melanoma, mesothelioma, pancreatic 
and thyroid cancer) were successfully killed in vitro by 
NDC80-L1 CAR T cells, but no toxicity towards A*02:01 
positive CAR T cells, healthy PBMCs or NDC80 HLA-
ligand negative cell lines was observed. For in vivo 
experiments we were able to reduce tumor growth 
and extend survival in a leukemia and a mesothelioma 
xenograft model. 

To improve the efficacy of this TCRmimic CAR T cell we 
treated leukemia, lymphoma and pancreatic cancer cell 
lines with 5 drugs including docetaxel, vincristine, an 
NDC80 inhibitor, an aurora kinase inhibitor and a TTK 
inhibitor at non-toxic doses. The changes in target 
abundance and overall HLA-A,B,C levels in these cell 
lines were assessed either by flow cytometry with the 
corresponding TCRmimic antibody or with quantitative 
mass spectrometry after isolation of HLA ligands. The 
cell line/drug combinations with the strongest 
upregulation of target peptide presentation were then 
tested via in vitro killing assays and will be further 
assessed via in vivo xenograft models. 

Result 

For all the drugs we investigated non-toxic treatment 
doses were identified which did not significantly 
change overall HLA-A,B,C levels. In contrast, for 
presentation of the target HLA ligand, we identified 
combinations of drugs and cell lines, e.g. BV173 
leukemia cells and docetaxel that were able to increase 
presentation up to 2.5-fold. This corresponded with a 
strong increase in the TCRmimic CAR T cell"s efficacy as 
determined by LDH killing assays. At the time of 
abstract submission some of the combination of the in 
vitro experiments are still ongoing and in vivo 
experiments are being planned. 

Conclusion 

TCRmimic CAR T cells define a class of drugs with high 
potential in cancer immunotherapy as they can target 
a multitude of different cancer specific antigens. To 
overcome the limitation of low target abundance of 
peptide:HLA complexes compared to other surface 
proteins we pharmacologically modulated target 
presentation via different drug/cell line combinations 
and confirmed that the resulting upregulation can 
increase the TCRmimic CAR T cell"s efficacy. Overall, 
we are convinced that this and other strategies, such 
as optimization of CAR T cell efficacy through cellular 
engineering will make TCRmimic CAR T cells a valuable 
treatment strategy in the future. 
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T cell immunity is central for the control of COVID-19, 
in particular in patients incapable to mount a humoral 
immune response, comprising cancer patients with 
disease- or treatment-related B cell deficiency. We 
have previously reported on the favorable safety 
profile and efficacy in terms of induction of SARS-CoV-
2-specific T cell responses by CoVac-1, a peptide-based 
T cell activator, which is composed of SARS-CoV-2 T cell 
epitopes derived from various viral proteins and 
combined with the toll-like receptor 1/2 agonist XS15 
emulsified in MontanideTM ISA51 VG. In the Phase I 
trial in healthy adults (NCT04546841), CoVac-1 induced 
profound and long-lasting T cell immunity after single 
dose administration in 100% of participants, mediated 
by multifunctional T-helper 1 CD4+ and CD8+ T cells. 
CoVac-1-induced T cell responses surpassed those after 
SARS-CoV-2 infection as well as after vaccination with 
approved vaccines and were unaffected by SARS-CoV-2 
variants of concern (Heitmann et al. Nature 2022). 

We here report on a Phase I/II open-label trial 
(NCT04954469), recruiting 54 patients with congenital 
or acquired B cell deficiency, who received one single 
subcutaneous dose of CoVac-1. The immunogenicity in 
terms of CoVac-1-induced T cell responses until day 28 
was the primary endpoint, while safety analyzed until 
day 56 was assessed as secondary endpoint.  

93% of study patients suffered from cancer-related B 
cell deficiency, with chronic lymphocytic leukemia 
(30%), mantle cell lymphoma (24%) and follicular 
lymphoma (20%) being the most common diagnoses. 
No serious adverse events and no grade 4 adverse 
events were observed. Expected local granuloma 
formation was observed in 94% of study subjects, 
while systemic reactogenicity was absent or mild. 
SARS-CoV-2-specific T cell responses were induced in 
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86% of these highly immunocompromised study 
patients. Responses were directed against multiple 
CoVac-1 peptides, not affected by any of current 
Omicron variants, and mediated by multifunctional T-
helper 1 CD4+ T cells. CoVac-1-induced T cell responses 
exceeded spike-specific T cell responses after 
vaccination with mRNA vaccines in B cell deficient 
patients as well as those in immunocompetent COVID-
19 convalescents with and without seroconversion.  

Together, CoVac-1 induces broad and potent T cell 
responses in patients with B cell/antibody deficiency 
independent of current variants of concern, with a 
favorable safety profile. Our data warrant 
advancement to a pivotal Phase II/III safety and 
efficacy evaluation. 
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Background 

Hepatocellular Carcinoma (HCC) is an inflammation-
derived cancer arising from chronic liver injury. The 
cellular composition of the HCC tumor immune 

microenvironment (TiME) has a major impact on the 
biology of the tumor as the TiME can influence tumor 
initiation, progress, and response to therapy. Mucosal-
associated invariant T (MAIT) cells represent the most 
abundant T cell subtype in the human liver and play a 
crucial role in regulating immunity and inflammation in 
the context of infection, albeit their role in HCC 
remains elusive. 

Method  

Primary patient samples and murine models of HCC 
were used to study the phenotype and function of 
MAIT cells in HCC. High-dimensional flow cytometry 
(n=37) and single-cell RNA sequencing (scRNA-seq; 
n=8) was used to analyze MAIT cell phenotypic changes 
in tumor tissue samples from HCC patients. Highly 
multiplexed immunofluorescence microscopy was used 
to quantify immune cell infiltration in paired human 
HCC samples. We developed and validated a 37-plex 
antibody panel and applied co-detection by indexing 
(CODEX) technology to simultaneously profile in situ 
expression of 37 proteins at sub-cellular resolution in 
samples from HCC patients (n=15) using whole slide 
scanning. We also established an image analysis 
pipeline using a machine learning (ML) algorithm (S3-
CIMA) to quantify the MAIT cell interaction network at 
the HCC invasive front. Murine models of orthotopic 
HCC using transgenic mouse strains were used for in 
vivo validation. In vitro co-culture systems using sorted 
MAITs from primary human liver tumor tissue were 
established to gain further mechanistic insight.  

Result 

MAIT-deficient Mr1-/- mice showed a lower tumor 
burden (p<0.01) of orthotopic, syngeneic HCC 
compared to wildtype C57BL/6 mice, indicating a 
potentially protective role of MAITs in liver cancer. We 
also found that hepatic MAIT cells in patient samples 
(n=37) were characterized by impaired infiltration 
(p<0.001) into tumor lesions, increasing dysfunction 
(e.g. upregulation of PD-1 (p<0.05) and reduced IFN-γ 
(p<0.01)) within the HCC TiME and show previously 
underappreciated heterogeneity as seen by scRNA-seq. 
CODEX imaging revealed the distinct cellular 
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composition of the MAIT cell neighborhood in human 
HCC tissue which  allowed for in-depth characterization 
of the cellular interaction network underlying MAIT cell 
dysfunction in HCC. S3-CIMA, a novel ML method, to 
analyze our spatially resolved immune cell atlas of 
human liver cancer identified interactions of CSF1R+PD-
L1+ tumor-associated macrophages (TAMs) and MAIT 
cells localized in the non-tumor liver as key regulatory 
elements of MAIT cell dysfunction. Direct co-culture of 
MAITs from primary liver tissue demonstrated 
immunosuppressive activity of autologous TAMs in a 
contact-dependent manner. Finally, perturbation of 
this detrimental cell-cell interaction using PD-L1 and 
CSF1R blocking strategies in vivo or depletion of TAMs 
using LysmCre x Csf1rLsL-DTR transgenic mice 
increased MAIT cell infiltration (p<0.05) into murine 
HCC lesions and reinvigorated the cytotoxic MAIT cell 
phenotype (p<0.01). 

Conclusion 

Our study shows that MAIT antitumor immunity and 
response to ICB therapies relies on organized, spatially 
nuanced interactions between MAITs and PD-
L1+CSF1R+ TAMs within the tumor immune 
microenvironment (TiME). These studies also identify 
MAIT cells as a potential target of PD-L1/PD-1-directed 
therapy in HCC. 
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Background 

Glioblastoma (GB) is a highly aggressive tumor, with an 
average life expectancy of approximately 12-15 
months. The current standard of care is surgery 
followed by radiation and chemotherapy. Vaccination 
in combination with checkpoint inhibition stands as a 
promising approach to generate antigen-specific T cells 
directed again GB cells while simultaneously 
counteracting the immunosuppressive 
microenvironment. EO2401 is a novel therapeutic 
vaccine designed to activate memory commensal-
specific CD8+ T cells that are predictive to react against 
validated tumor associated antigens (TAAs). EO2401 
includes synthetically produced HLA-A*0201 binding 
bacterial-derived peptides (EO2316, EO2317 and 
EO2318) with molecular mimicry to TAAs (IL13Rα2, 
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BIRC5 and FOXM1) upregulated in GB, and the CD4 
helper peptide UCP2 (telomerase). 

Method 

Patients with recurrent GB (first progression after 
standard of care – radiation + temozolomide) received 
EO2401 with nivolumab (EN), or EN with bevacizumab 
(ENB). Blood was collected prior to vaccination, every 
two weeks during the first 5 months, and every month 
afterwards. Peripheral blood mononuclear cells 
(PBMCs) were isolated by gradient centrifugation and 
cryopreserved. Immune response against vaccine-
specific peptides was investigated both ex vivo and 
after in vitro antigen stimulation (IVAS) using tetramer 
staining, IFNg ELISpot and intracellular cytokine 
staining (ICS). The study, NCT04116658, is an 
international, multicentric trial and was approved by all 
participating institution"s Ethics Boards. 

Result 

Strong immune responses against all three 
microbiome-derived peptides were detected after 
vaccination. Namely, antigen-specific CD8+ T cells were 
seen in 26 out of 28 patients investigated ex vivo and 
in 30 out of 31 patients after IVAS using tetramer 
staining. The post-vaccination frequencies of CD8+ T 
cells against the bacterial peptides was extremely high 
with a median of 5.5% of specific cells against EO2316 
(maximum response: 18%), 16% for EO2317 (maximum 
response: 46%) and 14% for EO2318 (maximum 
response: 40%) after IVAS. Ex vivo, a maximum 
response of 0.24%, 6.3% and 3.6%, was observed for 
EO2316, EO2317 and EO2318, respectively. Moreover, 
analysis of the phenotype of the vaccine-specific CD8+ 
T cells showed that these are mostly effector memory. 
Finally, reactivity against all the bacterial-derived 
peptides was confirmed in 28 out of 29 patients using 
both IFNg ELISpot and ICS. Importantly, cross-reactivity 
against the TAAs was proved. In IFNg ELISpot and ICS, 
cytokine production was seen in 27 out of 28 patients 
after stimulation with the human peptides. 
Polyfunctionality of these CD8+ T cell effectors was 
supported by the expression of numerous activation 
markers upon stimulation, namely CD107a and CD154, 

as well as IL-2, IFNg and TNF. Responses against 
vaccine-specific peptides could be detected as early as 
two weeks after the first vaccination and maintenance 
of a strong and stable immune response was seen for 
more than 10 months. CD4+ T cell immune response 
against the UCP2 helper peptide was observed in all 
investigated patients using IFNg ELISpot and ICS, and 
polyfunctionality of the cells was also confirmed by the 
latter. 

Conclusion 

The EO2401 vaccine is safe and demonstrates the 
ability to generate fast, strong and durable immune 
responses in almost all GB patients included to date in 
the EOGBM1-18/ROSALIE study. Activation of 
commensal-specific T cells that cross-react against 
targeted TAAs is an efficient approach to induce 
immune response against difficult-to-treat tumors with 
low neoantigens expression level. 
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Somatic chromosomal deletions are prevalent in 
cancer, yet their functional contributions remain ill-
defined. Among the most prominent of these events 
are deletions of chromosome 9p21.3, which disable a 
cell intrinsic barrier to tumorigenesis by eliminating the 
CDKN2A/B tumor suppressor genes. However, half of 
9p21.3 deletions encompass a cluster of 16 type I 
interferons (IFNs) whose co-deletions have not been 
functionally characterized. To dissect how 9p21.3 and 
other genomic deletions impact cancer, we developed 
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MACHETE (Molecular Alteration of Chromosomes with 
Engineered Tandem Elements), a genome engineering 
strategy that enables flexible modeling of megabase-
sized deletions. Generation of 9p21.3-syntenic 
deletions in a mouse model of pancreatic cancer 
revealed that concomitant loss of Cdkn2a/b and the 
IFN cluster led to immune evasion and metastasis 
compared to Cdkn2a/b-only deletions. Mechanistically, 
IFN co-deletion disrupted type I IFN signaling, altered 
antigen-presenting cells, and facilitated escape from 
CD8+ T cell surveillance in a cell extrinsic manner 
requiring loss of interferon epsilon (Ifne). Our results 
establish co-deletions of the IFN cluster as a pervasive 
route to tumor immune evasion and metastasis, 
revealing how deletions can disable physically linked 
cell intrinsic and extrinsic tumor suppression. Our 
study establishes a framework to dissect the functions 
of genomic deletions in cancer and beyond. 
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Background and Method 

Sarcomas are rare tumors, known for considerable 
heterogeneity at histological, molecular and genetic 
level. Despite all advances in modern cancer 
treatment, sarcoma patients presenting with 
metastasis still have limited therapeutic options and an 
unfavorable prognosis. Since genetic-profiling enables 
not only the identification of prognostic but also 
therapy-relevant alterations in heterogeneous 
diseases, large-scale genetic analysis have become an 
indispensable part of modern anti-cancer treatment. In 
this study we retrospectively analyzed the genetic 
profile of a real-life cohort of 53 sarcoma patients 
using a 720 gene panel. 

Result 

Reflecting the heterogeneous nature of sarcoma, 
several histopathological subtypes including 
leiomyosarcoma (17 %), Ewing Sarcoma (9.4 %), 
liposarcoma (9.4 %), pleomorphic sarcoma (5.4 %), 
chondrosarcoma (5.4 %), and fibrosarcoma (5.4 %) 
were analyzed. Mean age at the time of analysis was 
49 years. Average time period from primary diagnosis 
to genetic analysis was 46.8 months. Overall survival 
was 55.9 months in average. Within the entire cohort a 
total of 104 operations, 63 radiotherapies as well as a 
194 neoadjuvant, adjuvant or palliative cytotoxic 
therapies were performed. In all patients a large-scale 
720 gene panel was used for tumor genome 
sequencing. We observed a mean tumor mutational 
burden (TMB) of 2.3 mut/Mb, reflecting 76.9% of 
patients with a low TMB. None of the patients was 
identified as microsatellite instable. 13 out of 52 (25%) 
patients had a homologous recombination deficiency 
(HRD), defined as an HRD score >30. In 22 patients 
(30.8%) a fusion gene was detected, with EWSR1-FLI1 
and EWSR1-WT1 being the most frequent. A total of 38 
copy number alterations (CNAs) were found, reflecting 
significant genomic instability. In 15 patients germline 
mutations were found, all of them treatment relevant, 
with mutation in the MUTYH gene being the most 
frequent. Therapy relevant somatic mutations were 
found in 47 patients (3.2 mutations/patient). Most 
common genes involved were TP53, CDKN2A-C, CDK4, 
RB1 and ATRX. Based on the next-generation 
sequencing (NGS) results, 21 patients (39.6 %) received 
a personalized anti-tumor therapy (after exhaustion of 
standard of care treatments). Median overall survival 
(OS) for patients with an NGS based treatment was 43 
vs. 33 months in patients without targetable gene 
alterations. 

Conclusion 

Our NGS data obtained from a heterogenous cohort of 
53 metastasized sarcoma patients suggest that 
personalized therapies instructed by 720 gene panel 
sequencing might lead to improved clinical outcomes  
of sarcoma patients. 
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Background and Method 

In non-cerebrally metastasized small cell lung cancer 
(SCLC) prophylactic cranial irradiation (PCI) has been 
established as standard of care. However, the role of 
PCI in neuroendocrine carcinomas (NEC) of other origin 
is not well defined so far. Even if PCI shows long-term 
reduction of brain metastasis in SCLC, severe side 
effects including neurocognitive decline are frequently 
observed. In addition, broad use of immune-
checkpoint inhibition (ICI) as well as improved 
imagining techniques further questioned the concept 
of PCI in SCLC and NEC. In this study, we analyzed the 
role of PCI in 422 consecutive patients with SCLC and 
NEC, treated between 2011 and 2022, at University 
Hospital Tübingen. 

Result 

Out of 422 patients, 78 (18%) were excluded due to 
cerebral metastases at initial diagnosis. A total of 84 
patients received PCI (76 patients with SCLC, 6 patients 
with NEC). In the SCLC cohort, 24 out of 76 patients 
(31.6 %) developed brain metastasis. Of note, 50 out of 
156 patients (32.1 %) without PCI developed brain 
metastasis over time. Whereas PCI in our cohort was 
not associated with a significant reduction of brain 
metastasis, the median time to brain metastasis 
(TTBM) in patients with PCI was significant prolonged 
(19.5 months (95%CI: 7.3-75.3 months) with PCI vs. 7 
months (95%CI: 3-23.4 months in patients without PCI, 
p<0.001). In 54 patients (16%) PCI was combined with 
ICI, either in combination with cytostatic 

chemotherapy or monotherapy (SCLC (14%) and NEC 
(2%)). Interestingly in both cohorts (with or without 
PCI) patients receiving ICI showed similar rates of total 
number of brain metastasis as well as TTMB. 

Conclusion 

Our data provide new insights regarding the 
administration of PCI in a heterogeneous cohort of 
SCLC and NEC patients. Interestingly, PCI was sparsely 
applied in patients with NEC. Our data further suggest 
that the use of ICI didn"t significantly reduce the 
development or time to brain metastases in SCLC.  As a 
result PCI still remains one of the backbones in SCLC 
treatment. 
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N. Harland1 
1University Hospital Tübingen, Department for Urology, 
Tübingen, Germany 

Introduction & Objective 

Urothelial cell carcinoma is the most common form of 
all bladder cancers. Immune checkpoint inhibitors (ICIs) 
are a treatment option that is being used with 
increasing frequency. Recently, 3D organoid culture 
systems have been presented as advanced models for 
cancer research, compared to standard 2D cultures. 
The objective of this study was to investigate the 
expression of immune checkpoint antigens as well as 
stem cell markers in early versus late passage (P) 
bladder cancer organoids to get data on the quality of 
the model in comparison to the in vivo situation. 

Materials & Method 

Organoids (BCOs# 140, 147, 154) were derived from 3 
surgical samples. Two of them were from the same 
patient with primary (BCO#140) and recurrence 
(BCO#154) tumor. The organoids were seeded in a 
hydrogel and expanded for at least 5P. The 
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morphology of the organoids was recorded by 
microscopy in each passage. Organoids from early (P ≤ 
3) and late (P ≥ 5) passages were stained with 
monoclonal antibodies against PD-1, PD-L1, CD276, 
CD47, CTLA-4, CD24, and CD44, cell nuclei were 
colored by DAPI, recorded by fluorescence microscopy, 
and the ratio and intensity of marker expression were 
assessed and classified as negative or very low (-: < 5% 
of positive cells), low (+: 5% - 30%), moderate (++: 30% 
- 70%), or high (+++: > 70%) relative to the cell nuclei. 

Result 

Spherical organoids with 20 - 1000 μm in diameter 
were obtained in all cultures and in each passage. 
Immune regulators antigens PD-1, CD276, CD47, and 
CTLA-4, were highly expressed (+++) in all the samples, 
both in the early and late P, but PD-L1 expression was 
always very low (+/-). Stem cells marker CD44 was 
expressed in all samples (++ to +++), while CD24 was 
expressed moderately (++) in BCO#140 up to 8P. In 
BCO#147 and BCO#154, expression of CD24 was 
initially moderate to high, but dropped in BCO#147 in 
3P and 6P and in BCO#154 in 5P and 8P to very low 
levels (+/-) or ceased. Early expression of CD24 
correlated positively with the proliferation rates of 
organoids (BCO#140 up to P ≥ 28, BCO#147 up to P7, 
BCO#154 up to P20). 

Conclusion 

The organoids derived from bladder cancer patients 
expressed all immune checkpoint antigens 
investigated, except for PD-L1. These immune 
checkpoint antigens may therefore represent potential 
therapeutic targets. CD24-positive organoids 
represented cells capable of proliferation, so CD24 
might be a sensitive proliferation marker on urothelial 
carcinoma cell organoids. 
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Introduction & Objective 

In current research tumor cell organoids are mainly 
investigated in modelling the malignancy and lay the 
basis for individualized drug treatment. The crucial 

prerequisite to provide a robust drug-screening and 
prediction model in urothelial cancer (UC) based on 
bladder cancer organoids (BCO) is a high culturing 

effciency. Until now there is no data to predict a 
successful culturing attempt of BCOs based on patient 
specific characteristics, prior cancer treatment or 

pathological criteria. 

Method 

We investigated culturing attempts of BCOs derived 
from UCs. The culture effciency (CE) was evaluated by 
the count of achieved passages of spheroids (<5 

passages) and organoids. Tumorous tissue was 
collected either by TURBT, radical cystectomy or 
nephroureterectomy. After preparation of a single cell 

suspension, cells were cultured in 3-dimensional matrix 
of basal membrane extract and culturing medium. 
Spheroids and organoids were passaged based on 

stability and size (>100μm). Statistical analysis 
were performed in JMP V.16 (level of signifcance: 
p<0.05). 
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Result 

The urothelial cancer cohort comprised 91 patients, 18 
and 73 with non-muscle invasive or invasive UC, 
respectively. We included 27 females and 64 males. 88 

patients suffered from bladder cancer while 3 patients 
presented with upper tract urothelial cancer. 50 
patients had no prior cancer treatment. 34 patients 

underwent a prior TURBT, 7 and 6 Patients received 
prior intravesical instillation therapy and neoadjuvant 
chemotherapy (NAC), respectively. Median weight of 

malignant tissue provided for the initial preparation 
was 290mg. 

In 54 specimens (60%) of the primary resected tumors 
we were able to culture spheroids in the 1 passage. 8 
specimens (9%) revealed BCO-like potential and 

overcame the 5 passage. 4 specimens showed long 
living capacity and achieved 14, 18, 23 and 29 
passages, respectively. Patient characteristics and 
weight of 

tissue showed no correlation regarding CE of BCOs. 
Prior cancer treatment in general (p=0.27) as well as 
prior intravesical instillation (p=0.16) had no signifcant 

influence, rather tending to a negative influence, on 
the CE. Patients who received NAC showed significantly 
inferior BCO growth (p=0.036*) while 85% showed 

initial spheroid growth. While muscle-invasion, pT, 
c/pN, pV, cM, Pn and grading revealed no predictive 
value on BCO CE, pL (p=0.013*) predicted significantly 

longer living of BCOs. 

Conclusion 

Taken together prior intravesical treatment as well as 
NAC led to very limited spheroid growth while the 
entirety of long living organoids showed 

lymphangioinvasion as well as high grade 
histopathological features. Our Fndings suggest the 
organoid culturing of initially, untreated tissue as a 
basis for 

individualized medicine as preferrable. Further 
investigation of underlaying mechanisms of the 
beneficial effect of lymphangioinvasion on CE is 
needed. 
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Hypoxia is a common feature of malignant tumors, and 
is a potential prognostic biomarker for tumor 
aggressiveness and response to therapy. As a 
heterogeneous intratumoral landscape is often 
associated with therapy resistance and reduced 
efficacy1, its precise non-invasive characterization may 
play a critical role for personalized medicine as well as 
in understanding the mechanisms of pathogenesis and 
metastatic spread. Previous reports show a direct 
correlation between oxygen sensitive MRI and hypoxia 
PET in rat models of prostate tumors2 . Here, we use 
multiparametric MRI including T1 and T2* mapping, 
dynamic contrast enhanced (DCE) MRI and dynamic 
oxygen level dependent contrast to characterize 
tumor tissue. Expression of inhibitory immune 
checkpoints (ICP, e.g. PD-L1) by tumor cells and 
immune cells inhibit tumor antigen (TA)-specific T-cells. 
Consequently, ICP-blockade with specific antibodies is 
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applicable to restore TA-specific T-cell functions. The 
aim of our study is to establish an efficient MR protocol 
together with a complementary data analysis during an 
ICP inhibitor-based immunotherapy in the MC38 
mouse model and to monitor the response to 
immunotherapy, using voxel based computational 
approaches. Ten C57BL/6 mice were subcutaneously 
injected with 5x105 MC38 tumor cells into the right 
flank. The tumors were allowed to grow for at least 1 
week before starting the therapy. One mouse did not 
develop any tumor and was excluded from the study. 
The therapy was intraperitoneally injected using 200 
µg of antiPD-L1 (clone: 10F.9G2) monotherapy 3 times 
a week for 3 weeks. Responding vs non responding 
tumors were manually assigned according to tumor 
growth within 1 week of treatment. The animals were 
injected intravenously with 11±1 MBq of [18F]FAZA 
and scanned for 10 min after 2 hours of awake uptake 
using a dedicated small animal PET scanner. After T2- 
weighted (T2W) anatomical images, we performed 
blood oxygen level dependent (BOLD) and tissue 
oxygen level dependent (TOLD) MRI while applying a 
100% oxygen gas breathing challenge, followed by a 
Gd-based DCE assessment of perfusion. For these 
purposes, T1 maps, T2* maps, and an alternation of 
T1w and T2*w images were acquired pre, post and 
during the gas challenge to reconstruct contrast 
dynamics and then generate wash in maps. The 
resulting static PET images were aligned and up-
sampled to the voxel-size of the MRI parameter images 
of the T1w and T2*w images. Tumor regions of interest 
were drawn on the T2w anatomical images using 
Inveon Research Workplace. All MRI and matching PET 
data were exported voxelwise. Subsequently, 
supervised (SVM) and unsupervised (kmeans, 
Gaussian mixture models) clustering methods were 
applied to the voxel data using Matlab. Finally, 
voxeldata were fed into neural-networks generating a 
regression model on the MRI data to predict [18F]FAZA 
uptake. MRI-based predicted hypoxia PET images were 
generated for further analysis and comparison with 
histology. Tumor size was measured over time to 
separate between therapy responders vs non-
responders. Tumor volumes varied strongly between 
responders (14.5 ± 23.3 mm3 ) and non-responders 
(548.2 ± 217.8 mm3 ) at the endpoint of the study. 

When comparing responders and non-responders we 
observed no differences in the mean values of the T1 
and T2* maps if comparing pre and post oxygen 
acquisitions, T1w oxygen and contrast agent dynamics. 
However, we observed a significant difference of the 
T2* wash in map when comparing responders and 
non-responders (p < 0.001). Next, we applied 
supervised learning (SVM) to train a model for an early 
detection of responders. Already minute networks with 
2 or 3 nodes were efficiently separating responders 
and non-responders already after 1 week of therapy. 
Finally, we setup an analysis pipeline, where the 
voxeldata were fed into further neuronal networks 
(CNN, MLP) to predict hypoxia based on MRI 
parameters and using [18F]FAZA PET as ground truth. 
Based on our limited dataset, we were able to predict 
PET uptake with less than 20% deviation in about 70% 
of all voxelsAs hypoxia PET also poses several 
challenges, MRI may yield a better characterization of 
hypoxia. However, final comparison with histology is 
currently pending. In summary, we established a novel 
analysis pipeline to assess the intratumoral 
heterogeneity voxel-based using MRI and validate with 
PET and histology data. As all our methods are 
generally available in the clinics, our analysis pipeline 
could also be translated into clinical applications. 
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Introduction 

The goal of this study was to establish a stable in vitro 
cellular model to investigate therapy responses of 
neuroendocrine neoplasms (NEN) towards 
somatostatin analogs (SSA). NEN are rare, 
heterogenous, malignant tumors that show an increase 
in prevalence. NEN are often treated with SSA as first 
line when found to be somatostatin receptor (SSTR) 
positive. In addition to controlling symptoms caused by 
hormonal excess of NEN, SSA also have anti-
proliferative effect, although tumor regression cannot 
be achieved by SSA treatment. Because of the rarity of 
NEN and difficulties to establish stable cell lines, only a 
few reliable cell culture models exist. In our study, we 
took advantage of a newly established pancreatic 
neuroendocrine tumor (pNET) cell line NT3, to 
characterize the therapy response to SSA using a multi-
omics approach. Our goal is to define novel targets for 
combination therapy, which can enhance the anti-
proliferative effect of SSA and possibly induce tumor 
remission of NEN. 

Method 

The cell line NT3 was characterized regarding 
neuroendocrine phenotype and SSTR expression via 
immunocytochemistry and flow cytometry. Treatment 
response to the somatostatin analog Lanreotide was 
determined using cell proliferation assays and cell 
counting. The affected pathways in SSA treated and 
control cells were investigated by transcriptome and 
phosphoproteome analysis, as well as through an 
shRNAmir based functional genetic screen. 

Result 

NT3 cells exhibited a stable neuroendocrine phenotype 
and SSTR positivity by immunostaining and flow 
cytometry. SSA treatment moderately reduced cell 
proliferation in a reproducible manner, demonstrating 
the usefulness of the NT3 as preclinical model. 
Transcriptome analysis revealed 73 (78%, 73/93) 
differentially regulated cell cycle and mitosis related 
reactome pathways between SSA treated cells and 
control group. 

Conclusion 

The established NT3 model robustly reproduces the 
anti-proliferative effect of SSA in neuroendocrine 
neoplasms, therefore opens up new possibilities for 
defining new therapy targets. 
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Question 

In recent years, immunotherapies have evolved as a 
strong weapon in the fight against cancer, but the 
success of these therapies is highly dependent on the 
individual immune status of the patient. Given the 
importance of activated T cells infiltrating the tumor 
for a positive therapeutic outcome, there is a need for 
novel probes that specifically address distinct 
activation markers and are suitable for accompanying 
in vivo imaging. For this purpose, we have developed a 
set of nanobodies (Nbs), characterized by a small size, 
rapid tissue penetration and fast renal clearance 
compared to conventional antibodies, as immune 
tracer for noninvasive visualization of activated T cell 
populations. 

Method 

To generate Nbs against a human T cell activation 
marker an alpaca (Vicugna pacos) was immunized with 
the recombinant target protein followed by 
establishing a Nb-phagemid library and specific Nbs 
were selected by phage display and ELISA. Candidates 
with different sequences were produced in E. coli, 
purified and their affinity and stability were 
determined by bio-layer interferometry (BLI) and 
differential scattering fluorimetry (DSF). Binding 
properties were further analyzed by epitope binning 
and cell-based domain mapping. Recognition of the 
native target was validated by staining of activated 
T cells from three healthy donors and analyzed by flow 
cytometry. Possible functional modulation of the 
target by the Nbs was assessed using a luciferase-
based activation reporter assay and longtime 
monitoring of T cell proliferation after Nb treatment 
via flow cytometry analysis. 

Result 

We have identified four unique Nbs that target 
activated T cells and exhibit strong binding affinity and 
high stability under physiological conditions. Epitope 
binning revealed that these binders address at least 
two different epitopes. For three of the selected Nbs 
we further confirmed binding to natively expressed 
target present on activated T lymphocytes. Regarding 
possible functional modulation, we excluded an 
agonistic effect for all Nbs tested, and long-term 
monitoring of T cell proliferation after Nb treatment 
also revealed no effects on viability or proliferation 
patterns. However, competitive analysis showed that 
two Nbs block binding of the natural ligand of the 
target in both a recombinant setting and a cellular 
context. 

Conclusion 

Based on this detailed dataset, we will now proceed 
with a lead candidate that we will further optimize and 
functionalize for in vivo application. The goal is to 
develop Nb-based immunoPET tracers for in-depth 
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stratification of cancer patients and therapy 
monitoring. 
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Question 

The heterogeneous myeloid cell population infiltrating 
the tumor has been identified as a key factor for 
therapeutic success. In this context, signal-regulating 
protein-α (SIRPα) has emerged as both a marker to 
monitor myeloid cell infiltration in tumor lesions and a 
potential target for therapeutic strategies that block 
the inhibitory interaction between SIRPα and the 
"don't eat me" CD47 receptor exposed on tumor cells. 
To address both options, we developed nanobodies 
(Nbs) against SIRPα for which we followed a 
bidirectional strategy to identify binders that can be 
used either for positron emission tomography (PET) 
imaging of myeloid cells in vivo or as modulatory 
immunotherapeutics that block the SIRPα/CD47 
interaction. 

Method 

Nbs targeting human SIRPα were selected from an 
immunized Nb-phagemid library by phage display-
based selection campaigns either against SIRPα or the 
SIRPα domain 1 (SIRPαD1) to increase the probability 
of selecting CD47-blocking Nbs. Positively identified 
binders were characterized regarding their affinity, 
stability, cross-reactivity, allele specificity, and 
recognized epitopes. The potential to block the 
SIRPα/CD47 interaction was shown for SIRPαD1 
targeting Nbs in a macrophage-mediated antibody-
dependent cellular phagocytosis assay. Currently first 
lead candidates are tested as tracer molecules for 
PET/MR imaging applications in a novel human SIRPα 
knock-in mouse model. 

Result 

In total we identified 14 SIRPα-Nbs with binding 
affinities in the nano- to picomolar range and robust 
biophysical stabilities. All Nbs recognized endogenous 
SIRPα on CD14+ monocytes and macrophages, 
whereas CD3+ T cells in the PBMC pool were not 
stained. After detailed in vitro characterization, we 
selected two Nb subsets and applied them for 
potential therapeutic and imaging approaches. For 
three Nbs directed against SIRPαD1, we demonstrated 
an effect in blocking the interaction of SIRPα with CD47 
and strongly enhanced macrophage-mediated 
antibody-dependent cellular phagocytosis. With SIRPα 
Nb S36 we selected a first lead candidate for PET/MR 
imaging applications. 

Conclusion 

We propose that the identified Nbs addressing human 
SIRPα could serve as versatile binding molecules for 
noninvasive imaging of the myeloid immune cell 
population e.g. to monitor individual responses during 
cancer immunotherapy. In addition, the development 
of Nbs blocking the SIRPα/CD47 interaction might be a 
promising starting point to generate novel myeloid-
specific checkpoint inhibitors for combination 
therapies. 
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Question 

Senescence is a stable cell cycle arrest that influences 
treatment outcome in cancer and is also recognized to 
play important roles in oncogenesis and therapy 
resistance. Senescent cells pose a peculiar challenge as 
they exert both pro- and anti-oncogenic properties. 
The therapeutic induction of senescence in a tumor is 
seen as a positive outcome, while the effects of the 
senescence-associated secretory phenotype may also 
promote tumorigenesis. Senolytics, a new class of 
pharmaceuticals that selectively kill senescent cells, are 
under development, but are associated with their own 
set of side-effects.  Because of its broad involvement 
with all stages of disease progression and treatment, 
all cancer patients receiving cancer therapy may 
benefit from the in vivo non-invasive detection of 
senescence using modern imaging techniques. 

We have previously developed and reported on 
[18F]FPyGal, a radiofluorinated substrate of the 
senescence–associated β-galactosidase (SABG), the 
gold-standard marker for senescent cells. The molecule 
was evaluated in rats for toxicity and the GMP tracer is 
now manufactured by the Radiopharmacy in Tübingen, 
wherein it is already being evaluated in humans. A 
phase I clinical trial has been performed and the 
subsequent phase II trial is being plannedunderway. In 

addition, patients have been given the tracer under 
compassionate use guidelines. Here we present two 
highlight cases in which we see strong evidence of 
senescence detection in humans. 

Method 

The precursor and non-radioactive standards were 
designed, synthesized and characterized in-house. 
GMP precursor was commissioned by ABX and the 
associated synthesis was established and validated by 
the Radiopharmacy in Tübingen. 

Result 

Patient 1 (glioma): A patient with advanced glioma 
tumor was scanned with the clinical proliferation tracer 
fluoroethyl tyrosine ([18F]FET) before receiving 
senescence inducing chemotherapy. The [18F]FET PET 
scan revealed a tumor mass with high uptake, 
indicating that the tumor was experiencing high 
proliferation. After treatment with a senescence 
inducing therapy, the patient was scanned again with 
[18F]FET and [18F]FPyGal. Two distinct and 
complimentary regions were observed in the tumor, 

revealing active ([18F]FET high, [18F]FPyGal low) and 
senescent ([18F]FET low, [18F]FPyGal high) tumor 
components. 

Patient 2: A patient suffering a neuroendocrine tumor 
was treated with senescence inducing therapy. 
[18F]FPyGal PET scans revealed distinctive tumor 
regions with high- and low- tracer uptake. The patient 
was scheduled for coincidental tumor resection, 
allowing for immunohistochemical analysis of the 
tumor and correlation with the acquired PET data. 
Histology from tumor regions with high tracer uptake 
expressed a high abundance of the senescence 
biomarkers p53 and p16. Conversely, the tumor 
regions with low tracer uptake expressed a low 
abundance of p53 and p16. 



 

46 

Conclusion 

This represents the first in vivo detection of senescence 
in humans. The increased signal in PET can be 
correlated with the senescence biomarkers p53 and 
p16. This not only paves the way forward to enable 
non-invasive longitudinal analysis of senescence 
induction in tumors, but also represents the first step 
in the image-guided administration of senolytic drugs. 
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Question 

Cellular senescence is broadly defined as the biological 
program by which growth is ceased and is 
accompanied by distinct changes in metabolic 
pathways. Senescence is now widely recognized to play 
important roles in oncogenesis, cancer treatment and 
therapy resistance. Preneoplastic lesions have been 
shown to contain large populations of senescent cells. 
Furthermore, therapy induced senescence represents a 
quantifiable measure of chemotherapeutic success. 
Thus, the in vivo non-invasive detection of senescence 
using modern imaging techniques will not only benefit 
medical research, but also improve the real-world care 
given to patients. Senescence–associated β-
galactosidase (SABG) is one of the most widely used 
markers for senescent cells. Many SABG substrates 
have been developed, but these rely on fluorescence, 

which limits their application to, at best, the preclinical 
setting. α-Fucosidase (AF) has recently been noted as 
another promising biomarker for the detection of 
senescence.1 To visualize senescence in vivo through 
the putative increase in AF activity, we synthesized 
[18F]α-2-fluoroethyl fucose (FEtFuc) and evaluated it in 
vitro and in vivo in several senescence models. 

Method 

The precursor and nonradioactive standard were 
designed, synthesized and characterized in-house. The 
automated radiosynthesis, purification and formulation 
were performed using a TRACERlab FX N Pro module. 

In vitro, senescence was induced in HCT116 cells by a 
single treatment of doxorubicin; in a liver progenitor 
cell line it was induced by p53-reactivation (Hras). In 
two liver carcinoma cell lines (NRas and Amp19), a 
ribosomal checkpoint inhibitor (RCI) was used for 
senescence induction. In addition to the senescence 
models, HCT116 cells were transfected with pcDNA3 
containing the cDNA of human AF and a single clonal 
line (HCT116AF) was isolated. The tracer uptake was 
assessed in all cell lines using a gamma-counter. The 
uptakes in senescent cells as well as HCT116AF were 
normalized to their respective controls. 

For in vivo experiments, the previously described cell 
lines were injected s.c. in mice. For senescence 
induction, the animals were appropriately treated with 
doxorubicin, doxycycline or RCI. The tracer was 
injected i.v., after which PET/MR scans were 
performed. The tracer uptake in the tumors was 
calculated and ex vivo tumor sections were subjected 
to H&E staining and autoradiography. 

Result 

[18F]FEtFuc was obtained within 90 min after end of 
bombardment with a decay corrected radiochemical 
yield (EOB) of 10,0 ± 1,4% (n=8) and a purity of greater 
than 99 %. In vitro, the uptake in HCT116AF cells as 
well as in all senescent models was higher than that 
observed in their respective controls: HCT116AF - 1.9 ± 
0.4-fold (n=4); HCT116 - 1.9 ± 0.2-fold (n=5); HRas - 1.6 



 

47 

± 0.2-fold (n=5); NRas - 1.9 ± 0.2-fold (n=3); Amp19 - 
1.9 ± 0.2-fold (n=5). 

In vivo PET (50 min p.i.) revealed higher tracer uptake 
in the senescent and AF-over-expressing tumors vs. 
their respective controls. The uptake in HCT116AF 
tumors was 2.5 ± 0.6 %ID/CC (n=8), in senescent 
HCT116 tumors 3.4 ± 1.3 %ID/CC (n=10) in senescent 
HCT116 tumors and in control HCT116 tumors 1.7 ± 0.3 
%ID/CC (n=12) observed in control HCT116 tumors. The 
uptake in senescent Hras tumors was 3.9 ± 0.5 %ID/CC 
(n=8) and 2.9 ± 0.5 %ID/CC (n=8) in the controls. The 
uptake in senescent NRas tumors was 5.2 ± 0.5 %ID/CC 
(n=8) vs 3.7 ± 0.5 %ID/CC (n=10) in the non-senescent 
controls. Finally, the uptake in senescent Amp19 
tumors was 4.4 ± 1.0 %ID/CC (n=4) vs. 2.4 ± 0.6 %ID/CC 
(n=4) in the non-senescent controls. 

Conclusion 

[18F]FEtFuc shows great promise towards detecting 
senescence in vivo and can be used to further study 
this interesting and relevant phenomenon. Our 
findings also demonstrate the value in using α-
fucosides as tools to detect senescence and further 
strengthen the evidence that AF is a promising 
senescence biomarker. 
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Introduction 

Cellular senescence is a state of permanent cell cycle 
arrest that was initially characterized in cultured 
fibroblasts. Senescence is now implicated in many 
biological processes such as aging, organismal 
development, wound healing, inflammation and 
cancer. Therapy-induced senescence is a noted 
response of tumor treatment that can often be 
observed after radio- or chemotherapy. Cancer 
therapies are now complemented by new senolytic 
treatments to specifically eliminate senescent tumor 
cells. Diagnostic positron emission tomography (PET) 
tracers developed within our lab have already shown 
promise in detecting senescence in cells, preclinical 
models and, most importantly, cancer patients. The 
non-invasive clinical detection of senescence using PET 
is seen as a valuable tool to deliver personalized 
treatment to patients and monitor the evolution of 
their treatment. 

One of the most widely accepted biomarkers for 
senescence detection is senescence-associated β-
galactosidase (SABG). Its activity is notably increased in 
senescent tissue. [18F]FPyGal is a radiolabeled 
substrate of SABG and has already shown utility in 
detecting tumor senescence in patients. The tracer is 
taken up by cells through GLUT transporters, wherein it 
is hydrolyzed by SABG. We hypothesize that the 
produced lipophilic radio-metabolite is retained in the 
senescent tissue while the intact tracer is able to leave 
the cell. Thus, an enhanced signal in senescent tissue is 
generated, allowing for senescent and non-senescent 
tissue to be differentiated by PET. Preclinical imaging 
studies however indicate radioactive accumulations in 
necrotic tissue and the signal in tumors appears to be 
washed out over time. 

To address the pharmacodynamic challenges 
experienced with [18F]FPyGal, we have synthesized 
and evaluated a second generation of SABG substrates, 
exploring various trapping moieties and modifying 
physicochemical properties. We thus present a new 
PET tracer [18F]TFPGal. This tracer has been designed 
with increased lipophilicity and will generate a primary 
metabolite that is trapped inside senescent cells. This 
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new compound shows an increased uptake and 
retention in senescence cells over time, with no 
washout observed in dynamic PET studies. 

Method 

In vitro experiments were performed by uptake 
quantification in a gamma-counter. [18F]TFPGal uptake 
was compared to that of [18F]FPyGal. The tracers were 
tested first using a β-galactosidase (LacZ) 
overexpression model of a colon carcinoma cell line 
(CT26.CL25) and the wild type (CT26) as control. Next, 
the tracers were tested in a senescence cell model: a 
liver carcinoma cell line (Amp19) treated with a 
ribosomal checkpoint inhibitor (RCI). 

Senescence was induced in vivo in s.c. Amp19 tumors 
by treatment with RCI (i.p. injections of 25mg/kg each 
day for 5 days). For the control group, the mice were 
treated with vehicle (NaH2PO4). After inducing 
senescence, the tracer was injected i.v. and dynamic 
PET and MRI scans were performed, ROIs were drawn 
and tracer biodistribution was evaluated. Ex vivo 
tumors were analyzed for radioactivity uptake by 
gamma-counter measurements and tumor sections 
were used for autoradiography, X-Gal staining and 
immunohistochemistry (H&E, p53, p21 and ki-67). 

Result 

In vitro tracer uptake in β-galactosidase over-
expressing and senescent cells was significantly 
increased compared to their respective controls. The 
uptake of [18F]TFPGal in the overexpression model 
was three-fold higher than that in the control cells and 
1.5-fold higher than the uptake of [18F]FPyGal in the 
over-expression model. The uptake of [18F]TFPGal in 
senescent Amp19 cells was 9-fold higher than in the 
non-senescent control cells and 2-fold higher than the 
[18F]FPyGal uptake in the senescent Amp19 cells. 

In vivo the uptake was at least 2-fold increased, 
starting from 60 minutes after injection. The tumor 
uptake was 2.2 ± 0.2 %ID/cc (n=4) in control tumors vs 
5.2 ± 0.3 %ID/cc (n=5) in the senescent tumors. Tumor 
to muscle ratios for all senescent tumors were higher 

than controls. Senescence induction was confirmed by 
ex vivo autoradiography, β-galactosidase staining and 
immunohistochemical staining (Ki67, H&E p53 and 
p21). 

Conclusion 

Our next generation senescence tracer [18F]TFPGal 
shows promise in addressing the pharmacodynamic 
challenges experienced with our previous tracers. We 
see higher uptake in both cell models, e.g. over-
expression of β-galactosidase and senescence 
induction in Amp19 cells vs their respective controls. 
The dynamic PET data show favorable uptake in 
senescent vs control tumors, with small standard 
deviations and no observable washout effect. This new 
tracer could be a strong candidate for further clinical 
PET imaging. Further testing in additional in vitro and in 
vivo models is currently being pursued. 
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Question 

To sustain proliferation in harsh microenvironments, 
cancer cells reprogram their metabolism, which is 
thought to result in cancer-specific metabolic 
dependencies that might be exploitable for therapy 
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development. The advent of CRISPR/Cas9-based 
screens has revolutionized the functional interrogation 
of the genome, and screens in hundreds of cancer cell 
lines have provided deep insight into driver 
mechanisms and cancer-specific dependencies. 
However, such screens are usually performed under 
standard culture conditions that do not recapitulate 
nutrient scarcity, hypoxia, and other metabolic 
constraints in vivo and are thus prone to miss relevant 
dependencies. 

Method 

To systematically explore genes involved in adaption to 
metabolic stresses, we established a panel of modified 
culture conditions mimicking specific metabolic 
bottlenecks and performed genome-wide CRISPR 
screens in a genetically engineered mouse model of 
pancreatic adenocarcinoma (PDAC), a cancer type that 
commonly has to adapt to metabolic constraints. We 
integrated these functional-genetic with transcriptome 
and metabolome profiling data to design a 
metabolism-focused CRISPR library compatible with 
screens in vivo. 

Result 

In a first screen focused on amino acid starvation, we 
identified a transmembrane protein (TMEM251, 
renamed to LYSET) that is selectively required when 
cancer cells feed on extracellular proteins and was 
characterized as a core component of the mannose-6-
phophate pathway that controls enzyme trafficking to 
lysosomes. Subsequent screens addressing other 
metabolic constraints identified prominent context-
specific dependencies, which we integrated with 
transcriptome and metabolome profiling data to 
design a metabolism-focused CRISPR library. Through 
screening this library in orthotopically established 
PDAC, we find that standard culture conditions poorly 
reflect metabolic dependencies in vivo. Among others, 
we observe major differences in the dependency on 
growth factor signaling and main energy metabolism 
pathways. While cells cultured in standard conditions 
display a pronounced dependency on aerobic 
glycolysis, in line with the Warburg effect, this effect is 

strongly attenuated in vivo and replaced by a marked 
dependency on oxidative phosphorylation and 
mitochondrial metabolism that is not observed in 
standard culture. 

Conclusion 

Through combining genome-wide CRISPR screens in 
defined culture conditions with metabolism-focused in-
vivo screens, we have uncovered LYSET and other 
context-specific metabolic dependencies that have so-
far evaded identification and may provide new entry 
points for therapy development. 
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The serine/threonine kinase MAP2K4 (MKK4) plays a 
central role in the embryonic development of various 
tissues and is involved in mediating inflammatory as 
well as cellular stress-related responses. In addition, 
MKK4 has been identified as a central regulator of liver 
regeneration, and targeted genetic silencing of MKK4 
was shown to unlock hepatocyte regeneration in 
diseased livers (Wuestefeld et al., Cell 2013). 

Genetic analyses of human tumor tissue detected 
alterations in the MKK4 gene in up to 5% of 
malignancies such as breast or colorectal cancer, but 
the significance of MKK4 in tumor initiation and 
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progression has been and continues to be 
controversial. Classical in vitro oncogenic 
transformation assays and functional in vivo 
tumorigenesis studies could not validate MKK4 as a 
tumor suppressor gene, but rather suggest that 
selection for low MKK4 expression might increase 
invasiveness and metastatic potential of cancer cells. 
Nevertheless, recent scientific studies have revealed 
that MKK4-dependent signaling can mediate resistance 
towards small molecule inhibitors that target the 
receptor tyrosine kinase (RTK)-RAS-MAP kinase axis, 
such as MEK inhibitors. Loss-of-function mutations of 
MKK4 in various tumors are further associated with 
better response to therapy with MEK inhibitors (Xue et 
al., Cell Research 2018). These data suggest that 
targeted pharmacological inhibition of MKK4 may 
improve the efficacy of existing cancer treatment 
strategies. 

In this project, we exposed different human non-small 
cell lung cancer cell lines to increasing concentrations 
of the first-in-class small molecule-based MKK4 
inhibitors. This led to a dose-dependent reduction of 
cell survival as reflected by analyses of intracellular ATP 
levels and colony formation assays. Simultaneous 
treatment with MKK4 inhibitors and the KRASG12C 
inhibitor sotorasib or the MEK inhibitor selumetinib 
significantly increased therapy efficacy compared to 
the respective monotherapy. Western Blot analyses 
investigating MKK4 and its downstream target JNK 
confirmed a reduction in phosphorylation of both 
kinases in the presence of MKK4 inhibitors. 

In summary, our in vitro results suggest that MKK4 
represents a promising target for cancer treatment. 
The targeted inhibition of MKK4 can contribute to 
overcoming resistance mechanisms and thereby 
optimizing therapeutic response to established 
molecularly targeted therapies. These results warrant 
preclinical in vivo studies and potentially future clinical 
trials investigating the use of MKK4 inhibitors as 
combinatorial partners for the treatment of various 
malignancies. 
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Cellular senescence is a stress induced cell cycle arrest 
that can be triggered by telomere shortening, 
activation of oncogenes, during wound healing or upon 
exposure of cells to cancer therapeutics or ionizing 
radiation. Via their senescence associated secretory 
phenotype (SASP) senescent cells communicate with 
their microenvironment and SASP factors, secreted 
from therapy induced senescent cells, were shown to 
fuel invasion and metastasis of non-senescent tumor 
cells. 

Here we report the characterization of unprecedented 
tumor biological functions of spontaneously senescent 
cells (SSC) in therapy-naïve tumors. Spontaneously 
senescent cells were found in therapy-naïve murine 
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and human tumors [colorectal cancer (CRC), 
intrahepatic cholangiocarcinoma (iCCA), and pancreatic 
ductal adenocarcinoma (PDAC)] and constituted 
between 1% to 5.5% of all tumor cells. Similarly, 
analyses of 27 human and murine tumor lines revealed 
the presence of SSC with an average frequency of 
0.45%. The percentage of spontaneously senescent 
cells within the cell lines correlated with their in vitro 
invasion capacity. Pharmacological or genetic depletion 
of SSC markedly reduced invasion and metastatic 
potential of the cells. Conversely, when serial cycles of 
Boyden chamber selection or splenic seeding/re-
isolation of cells from metastatic foci were applied to 
low metastatic cells, the resulting increased metastatic 
potential was associated with increased frequency of 
SSC. Functional studies in a genetically engineered 
autochthonous mouse iCCA model revealed that 
pharmacological depletion of SSC significantly reduced 
lung metastasis. 

Furthermore, analysis of human CRC showed that the 
frequency of SSC in the primary tumor correlated with 
the onset of lymph node metastases. To investigate the 
origin of spontaneous senescence in tumors and 
cultured cancer cells, we performed single cell 
transcriptomics and RNA velocity analyses on bulk 
populations of murine CRC cells. Collected data suggest 
a model according to which the SSC are derived from a 
subset of cancer cells with increased apoptosis 
resistance and functional studies confirmed induction 
of SSC in such cells upon exposure to 
microenvironmental factors such as acidosis or 
hypoxia. In turn, several SASP factors from SSC 
(amphiregulin, osteoprotegerin, periostin and others) 
were found to act on neighboring cancer cells to 
increase their metastatic potential. 

In conclusion, our study pinpoints a crucial role of SSC 
for initiation of metastasis. The presented data harbor 
important translational implications, as, despite 
intensified screening and early detection efforts, more 
than 25% of all human cancers are still diagnosed at 
advanced stages. Pharmacological senolysis in patients 
with increased cancer risk might allow to detect more 
cancers at earlier curative stages and thus greatly 
increase the prognosis of patients. 
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Primary liver cancer (PLC) comprises hepatocellular 
carcinoma (HCC) and intrahepatic cholangiocarcinoma 
(iCCA), two frequent and lethal tumor types that differ 
regarding their tumor biology and responses to cancer 
therapies. Liver cells harbor a high degree of cellular 
plasticity and can give rise to either HCC or iCCA, 
however, little is known about the cell intrinsic 
mechanisms directing an oncogenically transformed 
liver cell either to HCC or iCCA. Here we report a novel 
function of the oncogenic master regulator MYC as a 
key factor in lineage commitment in PLC. Increased 
MYC levels altered the chromatin landscape of 
hepatocytes and switched iCCA- to HCC development 
in PLC mouse models by enhancing FoxA1 and FoxA2 
transcriptional activity, while attenuating the 
transcription of Ets1 dependent gene targets. 
Transcriptomic analyses of two human PLC cohorts 
suggested FOXA1 and FOXA2 as MYC dependent HCC 
lineage determining genes and functional gain or loss 
of function studies in PLC mouse models confirmed 
Foxa1/2 and Ets1 as lineage determination genes in 
PLC. In summary, the here reported data establish MYC 
as a key determinant of lineage commitment in PLC 
and provide a molecular explanation for the clinically 
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observed high cell plasticity in primary liver 
tumorigenesis. 
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Cancer therapies often trigger heterogenous treatment 
responses, including different types of cell death, but 
also cellular senescence, a stable cell cycle arrest. 
While the senescence associated cell cycle arrest 
counteracts tumor progression in short term, 
increasing evidence indicates that senescent cells, via 
their secretory phenotype (SASP), may exert 
protumorigenic effects by increasing the invasiveness 

of non-senescent tumor cells and suppressing anti-
tumor immune responses. Here we report the 
discovery of a novel type of therapy induced 
senescence (TIS), designated ribosomal checkpoint 
induced senescence (RCIS). In vivo and in vitro pooled 
shRNA screening identified ribosome biogenesis and 
RNA polymerase I dependent transcription as 
actionable targets to induce RCIS in aggressive murine 
and human liver carcinomas. Genetic findings could be 
translated into a pharmacological treatment approach 
using the specific RNA polymerase I inhibitor CX-5461 
as a potent inducer of RCIS. Induction of RCIS was 
found to rely on functional p53 and resulted in 
increased survival of mice in a genetically engineered 
mosaic mouse model of therapy resistant HCC. 

Interestingly, despite detection of tumor-infiltrating T 
cells in CX-5461 induced senescent murine liver 
carcinomas, we did not observe sufficient immune 
clearance of senescent liver cancer cells, suggesting a 
diminished functionality of tumor infiltrating T cells.  To 
characterize mechanisms which might result in an 
attenuated T cell function in tumors after CX-5461 
induced senescence, we profiled the transcriptomes of 
CX-5461 or placebo treated NRasG12V; p19Arf-/- 
murine liver cancer cells and focused our analyses on 
molecules with established or putative 
immunomodulatory functions. Strikingly, our analyses 
revealed a strong upregulation of a less characterized 
immunomodulatory cell surface molecule (to be 
revealed at AEK2023) on CX-5461 treated murine HCC 
cells. Functional studies in a conditional RNAi murine 
HCC model showed that suppression of the identified 
immune checkpoint molecule resulted in a massive T 
cell infiltration, effective immune-clearance of TIS cells 
after CX-5461 treatment, and allowed for long term 
survival of the mice. 

In summary, our data suggest the existence of therapy 
induced senescence associated immune checkpoints. 
Targeting of these, e.g. with to-be-developed 
antibodies, holds the promise to unleash potent anti 
TIS immune responses. 
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Colorectal cancer (CRC) constitutes the second leading 
cause of cancer related death worldwide and advanced 
CRC exhibits strong resistance to targeted therapies, 
chemotherapies and immunotherapies. Since it was 
found that a genetic loss of the Mitogen-activated 
protein kinase p38alpha (Mapk14) attenuates tumor 
development in a mouse model of colitis-associated 
CRC (a rare CRC subtype), p38alpha has been 
suggested as a potential target in CRC.  

In order to determine the therapeutic potential of 
p38alpha inhibition in colorectal cancer, we generated 
organoid-based CRC mouse models with different 
genetic backgrounds and histological phenotypes and 
established a panel of patient-derived CRC organoid 
cultures. We found that a genetic knockdown of the 
p38alpha/Mapk14 kinase blocks CRC organoid growth, 
however, that established I- or type II p38alpha 
inhibitors only allow for an insufficient target 

inhibition, due to p38alpha reactivation. To overcome 
resistance to pharmacological p38alpha inhibition in 
CRC, we developed a novel class of p38alpha inhibitors, 
designated as type 1.5 binders. These compounds 
feature ultralong target residence times, ATP 
independence and the availability to bind to the active 
and the inactive form of the protein, thus allowing for 
an efficient inhibition of p38alpha signaling in cancer 
cells. We performed a compound screen with a library 
of newly designed type 1.5 p38alpha compounds in 
CRC organoids and identified a very potent p38alpha 
inhibitor with high specificity, ultralong target 
residence time and good pharmacokinetic properties in 
vivo. This compound show unprecedented therapeutic 
responses in syngeneic, organoid-based CRC mouse 
models and patient-derived CRC organoids. 

Our mechanistic studies revealed, that p38alpha 
represents a major regulator of the mitotic entry and 
that this function is blocked by sustained p38alpha 
inhibition. Thus, ultralong target residence time 
p38alpha inhibitors activate Cdc25b and Cdc25c and 
simultaneously block Wee1 which results in an 
uncontrolled mitotic entry, mitotic catastrophe, 
polyploidy and DNA damage. This mitosis-targeted 
therapy results in apoptosis in the majority of CRC cells 
and senescence in cancer cells with high apoptosis 
resistance. 

To determine the potential of novel ultralong target 
residence time p38alpha inhibitors in metastatic CRC in 
vivo, we generated syngeneic mouse models of CRC 
liver metastasis with different genetic backgrounds and 
histological patterns. A therapy with such a novel 
p38alpha inhibitor results in an effective blockade of 
CRC liver metastasis and even a long-term treatment 
with this compound is well tolerated by mice. 

Conceptually, our study suggests ultralong target 
residence time kinase inhibitors as a new therapeutic 
strategy for the treatment of cancer. 
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Cancer cells need to adapt their metabolism, due to 
their specific biosynthetic demands, e.g. an increased 
requirement for lipids for membrane biosynthesis, or 
their particular microenvironment. Such a metabolic 
reprogramming of tumors might be exploited 
therapeutically. However, the development of cancer 
treatment approaches that are based on the inhibition 
of biosynthetic routes is often impaired due to the high 
plasticity of metabolic networks, e.g. resulting in 
activation of compensatory pathways or in an 
increased exchange of metabolites between cancer 
cells and the tumor environment. Therefore, such 
metabolic therapies have not yet been translated into 
efficient clinical applications. 

We could recently show that an enhanced lipogenesis, 
triggered by a pharmacological activation of the Liver X 
receptor alpha (LXRalpha), represents a new 
therapeutic strategy for the treatment of liver 
carcinoma (HCC) (Rudalska et al. 2021). We found that 
a combination of LXRalpha-mediated fatty acid 
synthesis and concomitant Raf suppression results in 
oxidative stress, induction of a critical ER stress 
response and subsequently in apoptosis of HCC cells. 
Mechanistic analyses revealed, that Raf-1 directly 
interacts with Stearoyl-CoA desaturase-1 (Scd1), the 
central enzyme for the conversion of saturated into 
mono-unsaturated fatty acids and maintains Scd1 
protein stability in HCC cells. DFG-out Raf inhibitors 

disrupt this interaction, thereby diminishing Scd1 
protein abundance, which results in a toxic 
accumulation of saturated free fatty acids and 
metabolic stress in cancer cells under sustained 
lipogenesis. We could now detect this protein-protein 
interaction of Raf-1 and Scd1 also in several other 
tumor entities such as pancreatic ductal 
adenocarcinoma (PDAC) and non-small cell lung cancer 
(NSCLC) and found that these tumor entities are also 
vulnerable to an LXRalpha-mediated lipotoxic therapy. 

While DFG-out Raf inhibitors, such as sorafenib, are 
already in use for the treatment of cancer patients, 
synthetic LXRalpha agonists are currently not available 
for the clinic. So far, only compounds that 
predominantly activate the beta-isoform of LXR were 
developed and tested in phase-I clinical trials. We 
therefore aimed to develop novel LXR agonists that are 
efficient and specific for LXRalpha and that may serve 
in the future as potential compounds for the treatment 
of patients. We started from known thiazolone-based 
agonists and employed structure-based design, 
molecular dynamics (MD) simulations and bioisosteric 
replacements to develop two novel hit series. The 
synthesized compounds were screened in cell-based 
LXR reporter assays, LXRalpha- and LXRbeta-specific 
co-activator FRET assays and cell viability assays. The 
results were used to guide the synthesis of 2nd 
generation ligands that were again tested for activity 
and specificity. As a result, we were able to establish 
frontrunner compounds that were more efficient in 
activating LXRalpha than established compounds and 
showed much higher selectivity for LXRalpha. 
Furthermore, these agonists efficiently induced 
metabolic stress and cell death in combination with 
direct or indirect Scd1 inhibition in cancer cell lines as 
well as in murine and patient-derived organoid 
cultures of different cancer entities. 

Taken together, we propose LXRalpha-mediated 
lipotoxicity as a new strategy for an efficient metabolic 
targeting of therapy refractory solid tumors. 
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Genome-wide CRISPR/Cas9-based genetic screens have 
revolutionized the functional annotation of the 
genome. As one of the most common applications, 
proliferation-based "drop-out" screens have been used 
to functionally characterize essential genes and 
context-specific dependencies in hundreds of cancer 
cell lines. While the technical quality of genome-scale 
negative selection screens has steadily improved, their 
applicability remains limited to cancer cell lines in 
standard 2D culture, which fail to recapitulate central 
aspects of cancer biology. Performing large-scale 
negative-selection screens in more relevant cancer 
models remains challenging due to the limited number 
of genetic elements that can be represented in vivo. 

To address this challenge and enable genome-scale 
drop-out screens in a commonly used mouse model of 
pancreatic ductal adenocarcinoma (PDAC) driven by 
oncogenic Kras and loss of Trp53 (KPC), we have 
optimized several limiting parameters. First, we 
ectopically expressed Myc as a third common 
oncogenic driver in PDAC and introduced a tight Tet-
inducible Cas9 allele that enables loss-of-function 
perturbations in established tumors in vivo. Second, we 
performed an in-vivo CRISPR screen focused on 
candidate tumor suppressor genes, which revealed 
several factors that still constrain tumor formation of 
KPC-Myc cells upon orthotopic transplantation in vivo. 
Among these, we introduced loss of Stk11 to generate 
a PDAC model driven by four mutations (KrasG12D, Myc, 
loss of Trp53 and Stk11; KPCMS), which better 
approximates to the average number of driver events 

in human PDAC and shows strongly accelerated tumor 
formation upon orthotopic transplantation into 
immunocompetent recipient mice. 

Pilot screens demonstrated that complex sgRNA 
libraries of up to 20,000 sgRNAs can be represented in 
this model in vivo. To utilize this setup for screening at 
genome scale, we applied optimized sgRNA prediction 
algorithms (Michlits et al. (2020), Nature Methods) and 
a dual-sgRNA design to construct a low-complexity 
genome-wide library comprised of just one sgRNA 
construct per gene. Proliferation-based screens in 
murine PDAC cell lines demonstrated that this 
optimized library accurately recapitulates dependency 
profiles obtained from previous screens using 
conventional CRISPR libraries with 6 sgRNAs per gene 
with low false-negative rates and high effect sizes. A 
first panel of genome-scale in-vivo screens in the 
KPCMS model confirmed sufficient representation of 
the entire library in vivo and revealed numerous in-vivo 
specific dependencies, including regulators in energy 
metabolism, amino acid sensing, and mitogenic 
signaling, which we are currently investigating in 
mechanistic follow-up studies. 

Taken together, we have established suitable mouse 
models, improved CRISPR reagents and analytical 
workflows that enable the identification of PDAC 
dependencies in a disease-relevant microenvironment 
in vivo at genome scale. 
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Objective 

Immunotherapeutic targeting of advanced breast 
cancer has the potential to achieve long-lasting 
remission, but sustained growth control or cure is 
limited by the heterogenous responses of metastatic 
lesions in diverse organ niches. To study the 
interconnection of organ-specific immune evasion 
mechanisms, we developed a metastasis model based 
on primary and bone-trophic metastatic breast cancer 
cell lines and a multiscale microscopic readout by 
whole-organ light-sheet fluorescence microscopy 
(LSFM) followed by multiplexed tissue analysis. 

Method 
Breast cancer cell lines were generated from primary 
tumors arising in the mammary fat pad in MMTV-PyMT 
C57BL/6J mice (MMTV-PyMT/primary) and from 
spontaneous bone metastases (MMTV-PyMT/bone). 
Using tail artery injection of Ovalbumin (OVA)-
expressing variants, systemic metastases were 
generated and targeted by i.v. transfer of in vitro 
activated OT1 CD8 T cells. Organs were harvested, 
labelled by multiplexed whole-organ antibody staining 
and processed for tissue clearing using modified Ethyl-
cinnamate (ECi)-based clearing protocols. Using LSFM, 
we compared metastatic outgrowth and 
immunotargeting efficacy in lung, liver and bone of the 
same mouse, by co-registering CD8 T cell infiltration, 
blood vessel density, tumor cell proliferation and death 
in relation to anatomical organ niches. 

Result 

Both, low- and high-metastatic MMTV-PyMT variants 
formed metastases in lung, liver, bone and ovaries. 3D 
reconstruction of organs showed that in lung and liver 
anatomical niches at the organ surface promoted 
metastatic outgrowth compared to mostly single-
tumor cells and microlesions in the core of the organ. 
While OVA expressing cells were near-completely 
eradicated in in vitro cytotoxicity assays, i.v. transfer of 
OT1 CD8 reduced the metastatic load but was 
insufficient to eliminate all lesions. Immune evasion 
and exclusion occurred in parallel with < 5% of macro-
lesions showing high apoptosis rates. Within the same 
mouse, macro-metastases in lung showed higher CD8 
densities compared to poorly infiltrated liver 
metastases. To further characterize the cellular 
composition of responsive and non-responsive organ 
niches by "CO-Detection by indEXing" (CODEX), we 
optimized tissue clearing and postprocessing steps and 
established an ECi-clearing compatible antibody panel 
of >50 markers. We further developed a workflow to 
precisely extract tissue volumes using a milling robot 
which allowed to correlate 2D high-content imaging 
with the 3D anatomical location of tissue slices. 

Conclusion 

In summary, we developed an immunogenic MMTV-
PyMT breast cancer metastasis model and established 
a multiscale microscopy workflow to study systemic 
immunotherapy response in clinically-relevant 
metastatic sites. The combination of LSFM with CODEX 
will provide valuable insights into the impact of 
metastatic cellular microenvironments in response to 
immunotherapy and thus, guide the rational design of 
combinatorial treatments for advanced metastatic 
cancer.  
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Studies on cancer immunology and 
immunosurveillance have benefited from recent 
technological advancements. In particular, human 
tissue organoids have created vast opportunities to 
study the human immune system. Although previously 
favored animal models and cell culture techniques 
have produced many important insights, they have not 
shed much light on what is happening in the early 
stages of malignancy. In addition, murine models often 
do not translate well to the more complex and variable 
human system. Cell culture-based approaches often 
employ immortalized or altered cells, which lack 
heterogeneity, usually enable analysis of merely a 
subset of the cell populations involved, and ultimately 
lack the complexity of in vivo studies. Peripheral blood 
components (such as cells, antibodies, and cytokines) 
have been favored for assessment of immune 
responses due to the non-invasive easy access to blood 
samples. However, the majority of T lymphocytes 
typically reside and act in tissues. In contrast to the 
previously favored models and in the context of cancer 
immunology, organoid technology has the potential to 
provide a complex system with features resembling the 
true-to-life interactions of the human immune system 
with malignant cells in tissues. 

Here, we aim to explore the cancer 
immunosurveillance and immunoediting hypotheses at 
the very time point the malignant transformation 
occurs. Therefore, the maintenance of a defined 
mutational landscape and burden is a prerequisite. 
Using the CRISPR/Cas9 system we can induce 

malignant transformation in a controlled manner and 
thereby mimic hematological premalignancies and 
neoplasia in human tonsil and spleen organoids. 
Electroporation of human primary T cells was used to 
deliver CRISPR/Cas9 ribonucleoproteins, which 
introduced genetic alterations such as knockout of the 
tumor suppressor P53. To benefit from the advantages 
of a genetically and phenotypically robust organoid 
system, we co-cultured P53-knockout T cells with 
autologous tonsil organoids. Using the Luminex assay 
to assess levels of 80 different cytokines we could not 
detect any changes in cytokine secretion in response to 
the pre-malignant transformation. In a trans-well assay 
we could not observe any migration of immune cells 
towards the altered T cells. Using a 3-dimensional 
organoid co-culture of CFSE-labeled P53-knockout cells 
with autologous tonsil cells we could not detect 
mutation-dependent killing of CFSE-labeled cells in 
comparison to a negative scramble control. 
Accordingly, using live microscopy, we did not see any 
increased contact of non-altered immune cells with the 
genetically modified pre-malignant T cells. 

Because the cellular make-up of the tonsil organoids is 
dominated by B and T cells, the experimental system 
lacks the cellular diversity, which is necessary to reveal 
interactions of a broad repertoire of immune cells with 
malignant cells. Spleen organoids comprise a broad 
cellular repertoire, including not only B and T 
lymphocytes but also monocytes, NK cells, and more, 
and therefore are better suited for these experiments. 
Furthermore, the knockout of P53 might be insufficient 
to provoke a reaction of the immune system. To 
account for this, we used CRISPR to generate 
oncogenes by homology-directed repair, which allowed 
us to introduce JAK2V617F, calreticulin type 1 and type 
2, and KRAS G12D mutations. Moreover, using CRISPR 
we induced a chromosomal translocation resulting in 
the Philadelphia chromosome, the main characteristic 
of chronic myeloid leukemia. The encoded fusion 
transcripts p190 and p210 for both BCR-ABL1 and 
ABL1-BCR result in the expression of a constitutively 
activated tyrosine kinase. Currently, we are co-
culturing spleen organoids with autologous 
manipulated T cells to assess the immune response 
against the described oncogenes using the Luminex 
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cytokine panel, trans-well assays, and live microscopy. 
This will enable us to assess effects of different types 
of mutations (loss of tumor suppressor vs. oncogene), 
mutational load, or ratio of malignant cells to immune 
cells. 

Taken together, harnessing the organoid platform in 
combination with the CRISPR technology allows us to 
study how malignant transformation affects anti-
cancer immune responses and the ability of emerging 
cancer cells to evade detection at the very time point 
the alteration arises. In combination, these 
technologies are a powerful tool with the potential to 
significantly advance our knowledge of cancer 
immunology thus providing valuable insights for the 
improvement of cancer immunotherapy and ultimately 
patient outcomes. 
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Aging drives the permissiveness of tissues to cancer, 
contributing to the rising incidence of malignancies 
with age. Non-invasive detection of age-associated 
tissue remodeling could open new ways in the future 
to locate sites with risk of developing cancer. Chronic 
inflammation, fibrogenesis, and accumulation of 
senescent cells have been proposed to be the main 
contributors to age-associated tissue remodeling. 
Fibrogenesis is part of a normal protective response to 
tissue injury that becomes exacerbated with aging. 
Senescent cells are a main driver of fibrogenesis and 
age-associated inflammation through their secretome, 
known as senescence-associated secretory phenotype 
(SASP). However, the mechanisms involved in the 
conversion of damaged cells into senescent cells 
remain incompletely understood. Here, we show that 
fibrotic tissues in mice and humans are characterized 
by the accumulation of iron. We show that vascular 
and hemolytic injuries, through the release of iron, are 
efficient in triggering senescence and fibrosis. 
Interestingly, the accumulation of iron is an intrinsic 
property of senescent cells that does not require an 
abnormal surge in extracellular iron. Upon damage, 
cells initiate an iron accumulation response with 
abundant ferritin-bound iron within lysosomes and 
high levels of labile iron, the latter being a main driver 
of senescence-associated ROS and SASP. We 
demonstrate that detection of iron by magnetic 
resonance imaging (MRI) is a powerful non-invasive 
method to assess and locate fibrotic burden. Our 
findings establish a central role for iron accumulation 
in senescence and fibrogenesis, and open a path 
forward towards application in image-guided oncology. 
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Objective 

Chimeric antigen receptor (CAR)-T therapy holds great 
promise to sustainably improve cancer treatment. In 
contrast to B-phenotypic leukemias and lymphomas, 
objective responses against solid cancers are sparse. 
This treatment failure is mainly contributed to 
heterogeneity of target antigen expression, CAR-T 
exhaustion due to overstimulation and their 
suppression by the tumor microenvironment (TME). To 
address some of these limitations, we have developed 
the AdCAR-T platform (Seitz et al. 2021). The AdCAR 
technology is based on a split recognition/activation 
design, in which effector cells are redirected to surface 
expressed antigens via biotin-conjugated adapter 
molecules (AMs), allowing qualitative and temporal 
control of CAR-T function for improved safety (on/off 
switch) and efficacy (pulsed dosing) as well as 
combinatorial targeting of surface molecules to 
prevent antigen escape. An attractive target antigen is 

B7-H3 (CD276) which is broadly expressed on solid 
cancers, particularly on pediatric entities. Therefore, 
we have aimed to develop a novel B7-H3 targeted AM 
as a first candidate for clinical translation of the 
AdCAR-T technology in the solid cancer field and to 
utilize this AM for in patient detection of target antigen 
expression by PET-CT/MRI. 

Method 

B7-H3 expression was analyzed by IHC and ultra-high 
content imaging on primary samples of pediatric solid 
cancers and small cell lung cancer (SCLC) as possible 
entities for clinical translation as well as healthy tissue. 
Applying a fully human scFv-based phage library, 
species cross-reactive binders (human and mouse) 
were selected by multiple rounds of screening. In 
addition, established monoclonal full length B7-H3 
specific antibodies were converted into Fab format, 
biotin-conjugated and functionally tested on their 
capability to mediate target-specific activation of 
AdCAR-T. AdCAR-T activity of the most promising 
candidates was further evaluated in vitro by repetitive 
killing assays and multiplex cytokine secretion against 
multiple B7-H3 positive and knock-out cell lines and in 
vivo in xenograft models for SCLC, rhabdomyosarcoma 
and neuroblastoma. Additionally, lead candidates were 
NODAGA chelator-conjugated, labeled with the 
positron emitter Cu-64 and utilized for 
pharmacokinetic studies by PET-MRI imaging in 
xenograft models. 

Result 

As expected, B7-H3 was found to be broadly and 
uniformly expressed on the analyzed cancer entities. A 
total of nine AMs derived from phage panning or 
established binders were evaluated. Particularly the re-
challenging cytotoxicity assays revealed significant 
differences in the ability to repetitively activate AdCAR-
T while maintaining effector function. After multiple 
rounds of in vitro functional testing, one lead and three 
potential candidates were identified for subsequent in 
vivo studies. Focusing on the lead candidate, we were 
able to demonstrate highly specific AM uptake in 
target antigen positive vs. knock-out tumors in 
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orthotopic and disseminated xenograft models by PET-
MRI. Most importantly, we found activity of AdCAR-T 
mediated by the novel B7-H3 targeted AM and no signs 
of on-target off-tumor toxicity in evaluated disease 
models for SCLC and neuroblastoma, underscoring the 
eminent potential for clinical translation. Additional 
toxicity studies to test the lead candidate against 
murine and human tissues, pulsed dosing studies to 
further boost functional persistence of AdCAR-T as well 
as the development of additional AMs for 
combinatorial targeting are ongoing. 

Conclusion 

We describe the successful development and 
functional evaluation of a novel B7-H3 targeted AM to 
redirect and activate AdCAR-T. We demonstrate 
specific and efficient effector function in vitro against 
multiple cancer entities. Moreover, we describe the 
utilization of an AM for theranostic application 
allowing in vivo detection of target expression by the 
active binder. Together these results pave the way to 
an innovative theranostic phase I study.  
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The metabolic syndrome induced by sedentary lifestyle 
and poor dietary choices can lead to the development 
of non-alcoholic fatty liver disease, which progresses 
from simple steatosis to non-alcoholic steatohepatitis 
(NASH) and eventually to hepatocellular carcinoma. 
Lipid-mediated toxicity and mitochondrial dysfunction 
is promoted by hepatic lipid accumulation triggering 
hepatocyte death, fibrosis and inflammation mediated 
by CD8+ and CD4+ T cells, B cells and macrophages. As 
the yearly incidence of NASH is drastically rising, and 
treatment options are still scarce, there is an urgent 
clinical need for more reliable diagnostic tools to 
properly study this malady. This is important as the 
disease"s basic underlying mechanisms are still poorly 
understood. 

As an analogue to deoxycytidine, 1-(2′-deoxy-2′-
[18F]fluoro-arabinofuranosyl)cytosine ([18F]FAC) is a 
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potent tracer to determine changes in the nucleotide 
salvage pathway, which is usually upregulated in 
inflammatory responses. Consequently, we aimed to 
elucidate whether [18F]FAC has the potential to image 
the premalignant inflammatory processes during NASH 
and HCC development in vivo in a diet-induced mouse 
model. 

To induce NASH, we fed C57BL/6J mice with a choline-
deficient high-fat diet (CD-HFD; n=7) over a period of 
12 months1,2. Control mice received standard chow 
(ND; n=4). After 12 months of CD-HFD/ND, dynamic 
PET scans were performed following i.v. injection of 
8.23±0.56 MBq [18F]FAC. Subsequent magnetic 
resonance imaging (MRI) was acquired for anatomical 
reference and for determining the liver volume during 
data analysis. Finally, liver tissue (n=3) was harvested 
allowing for flow cytometry (FC), histopathology (H&E) 
and CD8/CD4 immunohistochemistry (IHC) to be 
performed. The non-alcoholic fatty liver disease 
(NAFLD) activity score (NAS) was determined by an 
experienced pathologist. All data are presented as 
mean ± SD. 

Body weight, liver weight and liver volume were 
significantly increased in CD-HFD animals compared to 
the controls. The animals fed for 12 months with the 
CD-HFD exhibited a significantly higher [18F]FAC uptake 
in the liver compared to animals of the control group. 
One hour post injection, mean hepatic %ID (% injected 
dose in the total liver) was significantly increased 
(6.27±1.01) in CD-HFD-fed animals compared to ND 
animals (3.80±0.93). Histopathological analysis 
confirmed "NASH" in all livers of the CD-HFD group, 
whereas the livers from the ND group appeared 
healthy. IHC revealed an elevated CD8+ T cell count in 
livers of CD-HFD animals compared to the controls. 
However, the amount of CD4+ T cells did not differ 
between the two experimental groups. Finally, FC 
confirmed an increase in hepatic CD8+ T cells in the 
livers of mice after 12 months of CD-HFD (18.80±4.52% 
vs 10.42±2.84%), whereas the number of CD4+ T cells 
only slightly increased (12.50±2.21% vs 8.67±1.38%) 
when compared to livers of healthy control mice. 
Interestingly, we observed a tendency towards higher 
levels of effector memory CD8+ and CD4+ T-cells 

(CD62L-CD44+) in CD-HFD mice at 12 months compared 
to mice receiving a normal diet. We further 
determined an elevation of the activation marker 
CD69+ as well as the exhaustion marker PD-1+ on CD8+ 
T-cells in livers of experimental mice after 12 months 
of CD-HFD. Additionally, CD11b+Ly6c+ 
monocytes/macrophages as well as dendritic cells 
were elevated in CD-HFD mice after 12 months 
compared to controls. 

In summary, [18F]FAC PET imaging shows promise as a 
powerful tool for non-invasive monitoring of immune 
cell activation during NASH and thus enables to 
determine the temporal changes during premalignant 
inflammation. PET/MRI of the hepatic immune 
infiltrate using [18F]FAC might help to gain deeper 
insights into the underlying mechanisms which are 
responsible for the progression from steatosis to NASH 
and HCC. 
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Question 

Adoptive T-cell therapies represent novel and powerful 
treatment regimens especially for progressed tumors 
where conventional treatments often fail. Still, some 
tumors are difficult to treat and in sharp contrast to 
hematological tumors, successful (CAR)T cell therapies 
of solid tumors are not yet clinically feasible. 
Combinations with immune checkpoint inhibitors like 
anti-CTLA-4 or anti-PD-1 mAbs can significantly 
increase the success of adoptive T cell therapies, but 
the cellular and molecular mechanisms of action 
remain largely unknown. We recently established a 
combined immunotherapy (COMBO) on the basis of a 
preparative immune cell depletion, adoptive transfer 
of tumor antigen (TA)-specific IFN-γ secreting CD4+ T 
cells (Th1) plus immune checkpoint blockade of PD-L1 
and LAG-3 (ICB) which is very effective in a mouse 
model of progressed ß-cell tumors and which was 
shown to mediate strong anti-tumoral effects by IFN-γ 
and TNF-mediated induction of senescence in cancer 
cells(Brenner et al. 2021). Here, we aim to elucidate 
the therapeutic effects of COMBO on a cellular level by 
detailed analysis of the cellular composition of the 
tumoral immune cell infiltrate and of the systemic T 
cell response in the secondary lymphatic organs. 

Method 

RIP1-Tag2 transgenic mice develop endogenous 
insulin-producing ß-cell tumors and die of 
hypoglycemia with 14 wks of age. We started 
treatment of mice with progressed tumors and ~33% 
reduced (~90mg/dL) blood glucose levels (BGL). For 
COMBO, mice were initially subjected to a preparative 
2 Gy whole-body radiation followed by i.p. injections of 
Tag-specific Th1 cells (Tag-Th1, 1x/week) and of LAG-
3+PD-L1 mAbs (ICB, 2x/week). PBS and isotype-
matched control mAbs where used as sham-treatment. 
Tumor progression was monitored 2x/week by 
determination of BGL. We sacrificed mice after three 
therapy cycles and performed H&E histology, 
immunohistochemistry (IHC; CD3+, B220) and 
multicolor flow cytometry of the ß cell tumors, the 
tumor draining lymph nodes (LN), non-draining control 
LNs and the spleen to determine the biodistribution of 
the Tag-Th1 cells as well as local and systemic T cell 
responses. 

Result 

Within 4 weeks of treatment, Sham treated mice (n=7) 
showed rapid tumor growth, resulting in a constant 
decrease in BGL from 95.3±6.3 mg/dL (10 wks) to 
54.7±5.8 mg/dL (14 wks). ICB monotherapy (n=6) 
showed no therapeutic effect (14 wks, BGL: 
37.0±3.1 mg/dL). Contrary, Tag-Th1 monotherapy 
(n=10) slightly delayed tumor progression (14 wks, 
BGL: 50.8±4.6 mg/dL). Importantly, combined Tag2-
Th1+ICB treatment (COMBO,n=12) efficiently elicited 
tumor regression and thus significantly elevated and 
stabilized the BGL from 83,5±5.2 mg/dL (10wks) to 
96.1±3.8 mg/dL (14wks; n=12, p<0.02). Next, as the 
BGL of responding mice reached a plateau, we 
sacrificed mice at 13 wks of age to analyze the cell 
composition within the tumor microenvironment 
(TME) and the secondary lymphatic organs. IHC 
showed a massive CD3+ T cell infiltration of the TME 
accompanied by B cells surrounding the tumor margin 
following Tag-Th1 treatment. This effect was promoted 
by the combination with PD-L1+LAG-3 mAbs (COMBO-
treated mice). However, we found hardly any immune 
cells infiltrating the TME of mice treated with ICB or 
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sham. The more detailed flow cytometric analysis of 
the immune cell composition within the TME revealed 
that the adoptively transferred Tag-Th1 cells 
represented only ~2% of the viable cells (COMBO: 
1.6±0.3%; Tag-Th1: 1.8±0.6%) and migrated specifically 
to the draining LN where they represented ~1/3 of the 
CD3+ T cell population (COMBO: 33,7%, Tag-Th1: 
38,3% of CD3+ T cells). Comparatively, ~1% of the CD3+ 
T cells in the control LN were Tag-Th1 cells and ~10% in 
the spleen. The major T cell population in the TME was 
surprisingly identified as endogenous CD4+ T cells 
(COMBO: 11.4±5.1%; Tag-Th1: 8.7±1.4 % of viable cells) 
with high CD44 expression (up to 75%) as an indicator 
for antigen experienced cells. We detected also 
increased numbers of endogenous CD8+ T cells in the 
TME whereas COMBO revealed a significant addictive 
effect of both monotherapies (ICB: 2,6±0,1%, Tag2-
Th1: 2.2±0.6% vs. COMBO: 5.8±0.7% of viable cells; 
p<0.02). Upon closer analysis of the CD8+ T cell 
infiltrate for memory/effector functions, we discovered 
that ICB promoted the co-expression of PD-1 and TIM-
3 and that the Tag2-Th1 cells mediated the 
development of memory T cell markers, exclusively in 
cells with low PD-1/TIM-3. 

Conclusion 

COMBO is applicable to reinforce Th1-cell based 
immunotherapies and to induce ß-cell tumor 
regression even in mice with progressed carcinomas. 
Especially the combination of adoptive T cell transfer 
and ICB induces a holistic anti-tumoral T cell response 
with effects on distinct populations of effector/ 
memory T cells. Next, we aim to functionally 
characterize the differently induced endogenous T cell 
populations ex vivo concerning antigen specificity as 
well as memory/effector functions. 
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Objective 

Adoptive T cell therapies, particularly chimeric antigen 
receptor (CAR)-T therapy, hold great promises to 
sustainably improve cancer treatment. In contrast to B-
phenotypic leukemias and lymphomas, objective 
responses in clinical trials against solid cancers are 
sparsely. Treatment failure is mainly contributed to 
impaired infiltration, suppression by the tumor 
microenvironment (TME) and CAR-T exhaustion. 
Particularly, suppressive immune cells within the TME, 
namely tumor associated, M2 polarized macrophages 
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(TAMs), myeloid derived suppressor cells (MDSCs) and 
regulatory T cells (Tregs), are capable of substantially 
diminishing cytotoxic (CAR) T cell effector function. 
While most therapeutic approaches to overcome TME 
associated T cell dysfunction mainly focus on the 
depletion of suppressive immune cells or neutralization 
of mediators, the objective of the present study is to 
utilize cellular plasticity of immune cells and develop 
and evaluate agents capable of polarizing or priming 
TME associated immune cells into a pro-inflammatory 
(Th1/M1) phenotype. 

Method 

To study cellular composition and immunosuppressive 
function within the TME of pediatric sarcomas, as 
model entities for immunologically "cold" and 
suppressive solid cancers, we performed single nuclei 
RNA sequencing (snRNASeq) and ultra-high content 
imaging on a representative cohort of 80 primary 
patient samples. Additionally, we performed functional 
studies applying B7-H3 (CD276) and CD19 targeted 
CAR-T in an orthotopic xenograft model of B7-H3 
positive and ectopically CD19 expressing 
Rhabdomyosarcoma (RMS). To prime TME associated 
suppressive immune cells, two compounds, A) a B7-H3 
directed fusion protein incorporating functional 
domains of human IL2 and human or murine IL12 and 
B) the toll-like receptor 1/2-agonist XS15, were 
evaluated in vitro, analyzing functional marker by flow 
cytometry and in vivo as single agents and in 
combination with CAR-T. 

Result 

Multi-omics single cell analyses reveal an 
immunologically "cold" TME with predominant M2-like 
polarized macrophage and only scattered or absent T 
cell infiltrates in the vast majority of analyzed pediatric 
sarcoma samples. Interestingly, functional analyses 
demonstrated resistance to CAR-T in orthotopic RMS 
xenograft models, which was associated with the 
accumulation of murine myeloid cells in the tumor. In 
vitro, co-culture experiments of PBMCs in the 
presences or absence of IL2/IL12-fusion protein 
showed compound specific polarization of 

monocytes/macrophages towards an M1-like 
phenotype (CD80/HLA-DR high, CD163/CD206 low) as 
well as activation of NK-cells (CD25/CD69 high). 
Strikingly, co-administration of either the IL2/IL12-
fusion protein (intratumorally or systemic) or XS15 
(intratumorally) with CAR-T in vivo, resulted in a 
reversion of the CAR-T resistance phenotype with 
complete and sustained tumor clearance of established 
orthotope tumors. Mechanistic studies and validation 
experiments in immune competent RMS mouse 
models are ongoing. 

Conclusion 

In the present study, we describe a novel approach to 
overcome TME mediated CAR-T suppression and 
subsequent dysfunction against solid cancers. By 
applying polarizing or priming compounds to create a 
proinflammatory TME, we demonstrate highly 
synergistic effects in combination with CAR-T resulting 
in the elimination of bulky tumors, resistant to CAR-T 
monotherapy in vivo. These combinatorial two hit 
approaches have great translational potential to 
unleash CAR-T activity against solid cancers. 
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Question 

Breast cancer is still the most frequent malignancy with 
more than 2.3 million women being diagnosed in 2020, 
and almost 0.7 million deaths per year (WHO). Despite 
great advances in early detection and novel 
treatments, certain subtypes of breast cancer still show 
a high mortality. Different genetic genotypes such as 
overexpression of human epidermal growth factor 
receptor 2 (HER2) and estrogen (ER) and progesteron 
receptor (PR) status are accompanied by different 
metabolic phenotypes (lipolysis, aerobic glycolysis, 
oxidative phosphorylation) and complicate diagnosis 
and treatment. Within this exploratory clinical study 
we aimed in an interdisciplinary research approach to 
link in vivo imaging with ex vivo molecular diagnostics, 
including advanced omics techniques to decipher 
tumor heterogeneity in human mamma carcinoma. 

Method 

We investigated a cohort of 50 patients that 
underwent pre- (PET-MR with [18F]-FDG) and post-
operative (CT with gadolinium) imaging followed by 
histopathology and molecular diagnosis. 27 patients 

were diagnosed as luminal A (ER+, PR+, HER-), 11 
patients as luminal B (ER+, PR-, HER2+), eight patients 
as HER2 (ER-, PR-) and four patients as triple negative 
(TNBC). From a subset of 20 patients, which showed 
high tumor heterogeneity based on imaging and 
histopathology classification (10 x luminal A, 5 x 
luminal B, 5 x HER2), tumor center (TC) and tumor 
periphery (TP) specimen were further investigated by a 
targeted breast cancer gene panel (NanoString 
nCounter® Breast Cancer 360™) and quantitative 
metabolomics (600 MHz 1H-NMR spectroscopy). A 
total of 776 genes were extracted from FFPE tissue, 
which can be addressed to 48 biological signatures 
frequently observed in cancer. For NMR metabolomics, 
cryogenic pulverization of fresh frozen tissue followed 
by ultrasonic metabolite extraction quantified a total 
of 42 metabolites in both TP and TC samples. Uni- and 
multivariate statistics were applied to investigate 
altered genes and metabolites within luminal A, 
luminal B and HER2 as well as between TP and TC. A 
combination of gene expression and quantitative 
metabolite data was used for pathway analysis. 
Metabolite concentrations were further correlated 
with standardized uptake values (SUV) for [18F]-FDG 
tracer from PET-MR measurements. 

Result 

The full cohort of 50 patients showed the following 
imaging-based characteristics for TC (median values): 
ROI = 11 (max 39), T2 = 145.45, ADC = 1072.5, SUV = 
2.98 (max 18.5) and TP (median values): ROI = 11 (max 
31), T2 = 137.22, ADC = 844.15, SUV = 2.59 (max 13.9). 
Median tumor size was 22 mm (max 66 mm). In the 
metabolomics data set typical patterns for Warburg 
effect in TC (high lactate, low glucose), Kennedy 
pathway (high phosphoethanolamine and 
phosphocholine in TC, high ethanolamine in TP), and 
cellular homeostasis were identified (high taurine in 
TC, high serine/threonine in TP). Of note, the top 
metabolite in luminal B samples was high acetate in TP. 
This indicates increased beta-oxidation and energy 
regeneration by lipolysis of surrounding breast lipid 
tissue. Within gene expression data we found 
apolipoprotein D (APOD) and prolactin induced protein 
(PIP) as mostly increased in TP compared to TC while 
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immune-related major histocompatibility complex B 
(HLA-B) and cancer-promoting AGR2 were mostly 
increased in TP. Correlations of [18F]-FDG tracer 
uptake with metabolites showed strong correlations 
with reactive oxygen species (ROS) scavenging 
metabolites especially for luminal B (positive 
correlation with ascorbate in TC and glutathione in TP) 
indicating different oxidative-stress patterns between 
TC and TP for this group. A combined KEGG pathway 
query based on 769 genes and 42 metabolites revealed 
major differences between TP and TC for aminoacyl-
tRNA biosynthesis, branched chain amino acid 
biosynthesis, alanine/aspartate and glutamate 
metabolism, glycine/serine and threonine metabolism 
and glycerophospholipid metabolism. 

Conclusion 

Single metabolic parameters obtain from PET-MR can 
be enriched by complex omics layers. Gene expression 
results showed in sPLSDA a clear overlapping of tumor 
classification independent on TP and TC but separated 
clusters between luminal A, luminal B and HER2. By 
contrast, metabolomics analysis resulted in a clustering 
of all TP samples and all TC samples independent on 
luminal A, luminal B and HER2. This indicates that PET-
MR [18F]-FDG tracer uptake can be better 
characterized by metabolite than gene expression 
data. Of note the correlation maps of ROS scavenging 
metabolites with SUV values might be used to visualize 
levels of oxidative stress within certain voxels of the 
tumor. Future investigations of remaining tissue 
biopsies by spatial omics and immunological assays will 
allow for a even more detailed understanding of the 
complex metabolic networks within different breast 
cancer subtypes and to decipher tumor heterogeneity 
for the development of novel and individualized 
therapies. 
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Numerous computer-assisted diagnosis (CAD) models 
have been proposed for imaging-based cancer 
diagnostics [1, 2]. These methods achieve accurate 
results but are difficult to interpret, which is a 
significant drawback for the medical domain. Post-hoc 
explainability methods [3] are commonplace in medical 
imaging research [4], e.g. in diagnosis of skin [5] and 
breast lesions [6]. However, few researchers have 
attempted to design intrinsically interpretable models 
or exploit expert knowledge to inform model design. 
We propose a deep learning-based framework for 
medical image analysis that is intrinsically interpretable 
while maintaining high prediction accuracy. We 
introduce a hybrid approach using human-
interpretable as well as machine-learned features. 
Explainability is achieved by inducing minimal overlap 
between human-interpretable and machine-learned 
features through mutual information (MI) 
minimization. The rationale behind our approach is to 
encourage the model to diagnose using primarily 
human-interpretable features, which provide 
explainability, while "filling the gaps" using machine-
learned features, which may improve predictions. 

Method 

The proposed model is composed of four learnable 
modules which are trained in two stages: 
The attribute learner AbL receives the image and 
predicts the diagnostic-relevant, human-annotated 
attributes zh using a pre-trained ResNet-50 [7] followed 
by a finetuned linear layer with a softmax activation 
per attribute. In parallel, the feature extractor fθ 
extracts task-relevant features zl from the image with a 
finetuned ResNet-50 model. The diagnostic network 
receives the predicted human attributes zh and image-
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derived features zl to make the final diagnosis; we 
instantiate this as a single linear layer with a softmax 
activation. We minimize the mutual information I(zh, zl) 
to encourage the model to learn in zl only information 
that is not already present in zh. We estimate I(zl, zh) 
using the Donsker-Varadhan bound of its KL divergence 
[8]. 
The attribute learner is pretrained using a small set of 
human-labelled attributes. All other modules are 
trained in parallel using backpropagation. 
Experiments We compare different model 
configurations that use: 1) only the human attributes, 
2) only image features extracted from an ImageNet 
pre-trained ResNet-50, 3) features from 1) and 2) 
concatenated, 4) predicted human attributes via AbL 
concatenated with image features from fθ without MI 
minimization, and 5) the proposed method including 
MI minimization. We use Shapley values [9] on the 
concatenated zh, zl representation of trained models 
(3-5) to estimate the importance of each feature for 
diagnosis. 
Dataset We use two cancer imaging data sets for 
experiments: CBIS-DDSM [10] with breast lesions and 
HAM-10000 [11] with skin lesions. The attribute 
learner for dermoscopic images was trained in a 
separate data set [12] due to HAM-10000 not 
providing lesion attributes. 

Result 

Human attributes carry enough information to achieve 
competitive diagnostic results in both datasets. Models 
that use both human attributes and learned features 
outperform them but rely on learned non-
interpretable features to achieve this performance 
while the proposed model greatly increases the 
importance of human attributes without losing much 
in accuracy (Tab. 1). This shows that MI minimization 
induces better use of human-interpretable features. 

Table 1: Results for the different model configurations. 
ACC = average accuracy across diagnostic classes. SHAP 

ratio = average SHAP value for human attributes 
divided by the average SHAP value for learned features 

(higher is better). 

Model 
configuration 

DDSM 

ACC 

DDSM 

SHAP 
ratio 

HAM10000 

ACC 

HAM10000 

SHAP ratio 

Human 
attributes (AbL) 

0.74 - 0.79 - 

Image features 
(pre-trained 
ResNet-50) 

0.73 - 0.87 - 

Human + image 
features (pre-
trained ResNet-
50) 

0.69 3.52 0.85 0.30 

Human + image 
features (fθ) 
w/o MI penalty 

0.72 35.16 0.90 3.98 

Human + image 
features (fθ) w/ 
MI penalty 
(Proposed) 

0.77 58.40 0.88 12.48 

Expectedly, our proposed model had a higher 
frequency of human attributes among the most 
relevant diagnostic features compared to models 
without MI minimization. This illustrates the increased 
relevance of human-interpretable features for 
prediction and provides a high level of interpretability. 

Conclusion 

We found that an MI penalty used in a semi-supervised 
setup improves the interpretability of diagnostic 
models without sacrificing performance. This 
complements previous attempts to explain decisions 
using post-hoc methods and opens novel perspectives 
for interpretable machine learning in the medical field. 
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Objective 

Three-dimensional organoid culture offers great 
promise for individualized prediction of drug response 
and treatment efficacy in oncology. However, 
mechanisms of tumorigenesis and cellular resistance 
are highly heterogenous and dynamic and still not fully 
understood. Therefore, we aim to introduce non-
destructive imaging techniques to unravel cellular 
dynamics and enable real-time monitoring of drug 
efficacy. 

Method 

Patient-derived organoids, recapitulating 
histopathological and molecular diversity of cancer 
tissues were cultured in Matrigel and treated for up to 
96 h with various concentrations of pharmaceutical 
agents relevant for cancer treatment (i.e. cisplatin, 
venetoclax). Primary tissue of colorectal and bladder 
cancer were applied for organoid generation. Label-

free imaging procedures including Fluorescence 
Lifetime Imaging Microscopy (FLIM) and Raman 
microscopy were implemented for in situ cellular 
analysis and metabolic monitoring of the 3D cancer 
models upon drug treatment. 

Result 

The effects of different drugs on cellular metabolism 
were assessed by the local fluorophore environment of 
NADH and FAD determined by multiexponential fitting 
of lifetime decays in FLIM imaging. Direct cellular 
response upon drug treatment was monitored by 
Raman microspectroscopy. Via data-driven 
multivariate analysis, Raman spectra of treated and 
untreated cancer organoids were compared. Effects of 
drugs on subcellular structures such as nuclei and 
mitochondria were identified as shifts and intensity 
changes of specific molecular vibrations. Drug-specific 
modes of action were reflected and discriminated in 
the metabolic profiles and molecular composition of 
the tumor models. Furthermore, tumor models could 
be identified as resistant or sensitive to a drug 
treatment. 

Conclusion 

FLIM and Raman imaging are promising technologies 
allowing non-invasive and molecular-sensitive 
monitoring of tumor-drug interactions, providing the 
potential to determine and optimize patient-specific 
treatment efficacy. 
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Question 

MicroRNAs (miRNAs) are post-transcriptional 
regulators of gene expression that play an important 
role during cancer initiation and progression. Genome-
wide functional screening using the CRISPR/Cas9 
system is a powerful tool to uncover genetic 
dependencies for distinct tumor entities, and has 
revealed novel insights into pan-cancer fitness genes. 
Current libraries are focussed on single guide RNAs 
(sgRNAs) targeting protein-coding genes, thereby 
limiting functional genomics-based investigations of 
miRNA function. 

Method 

We here designed a novel CRISPR/Cas9 knockout 
library of 8,107 distinct sgRNAs targeting a total of 
1,769 human miRNAs. Using a total of 45 human 
cancer cell lines, representing 16 different tumor 
entities, we performed negative selection screens to 
identify miRNA fitness genes. Screen hits per cell line 
were scored on the basis of a combination of a 
supervised Bayesian gene essentiality analysis 
(BAGEL2) and an unsupervised gene ranking algorithm 
(MAGeCK). miRNA genes that scored across all cell 
lines, i.e. potentially pan-essential miRNAs, were 
identified using a combination of the Adaptive Daisy 

Model (ADaM) algorithm and the Fitness Percentile 
(FiPer) method. 

Result 

In silico analyses revealed that our library has 
significantly lower off-target activity for protein-coding 
genes as compared to previously described miRNA-
targeting sgRNA libraries, while providing a higher 
coverage of miRNAs present in the human genome. In 
total, only 13% (n=230) of all targeted miRNAs induced 
a fitness effect on one or more cell lines, and the 
majority (83%) of these genes induced a dependency in 
less than 50% of the tested cell lines. Pan-cancer 
fitness gene detection by ADaM or FiPer differed solely 
on the level of stringency. As such, ADaM and FiPer 
identified 34 core fitness or 54 common essential 
miRNAs, respectively, and almost all core fitness genes 
(97%) were identified as common essential. 
Preliminary network analyses revealed that protein-
coding genes that are regulated by core fitness miRNAs 
are significantly enriched for cell cycle and p53 
signaling networks, providing a first rationale for their 
dependency profiles in human cancer cell lines. 

Conclusion 

We here established a novel method for functional 
investigation of miRNAs by means of genome-wide 
CRISPR/Cas9 knockout screens. Our sgRNA library 
outperforms previously established libraries in terms of 
specificity and overall miRNA coverage, making it a 
novel tool to investigate miRNA function in a genome-
wide fashion. We here use this library to define a first-
of-its-kind genome-wide functional annotation of 
miRNAs, revealing a subset of pan-cancer fitness 
miRNAs that might regulate essential cellular processes 
such as cell cycle progression. Our data highlight the 
wide potential of this library in investigating miRNA 
function in diverse biological settings. 
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Question 

Mutated Ras (HRAS, NRAS, or KRAS) is one of the most 
important oncogenic drivers, often associated with 
poor prognosis. Ras-induced tumorigenesis comprises 
a cascade of cellular transformations. Early 
tumorigenesis is characterized by activation of 
oncogenic Ras and induction of senescence. Additional 
alterations – e.g., inactivation or loss of p16INK4A or 
p53 – enable further transformation to cancer. 

We investigated the role of the spliceosome during 
Ras-induced tumorigenesis and how it could be 
exploited therapeutically. 

Method 

Splicing factor expression in different cell and mouse 
models of Ras-induced senescence and cancer was 
examined using nuclear proteomics and high-
throughput microscopy. We identified splicing factors 
suitable as therapeutic targets to eliminate Ras-driven 
cells by siRNA screens and the application of small 
molecule inhibitors in vitro and in vivo. By combining 
splicing analysis with gene expression analysis, we 
identified essential regulators of co-transcriptional 
splicing in Ras-driven cells. 

Result: 

Activation of oncogenic Ras is accompanied by 
upregulation of most splicing factors on protein level. 
Senescent and proliferating Ras-driven cells express 
higher levels of splicing factors compared to respective 
control cells. These findings were confirmed in mouse 
models recapitulating different stages of tumorigenesis 
of lung cancer, liver cancer, colorectal cancer, and 
pancreatic cancer. 

Cells harbouring oncogenic Ras strongly depend on 
certain splicing factors to maintain splicing fidelity and 
are particularly sensitive to interference with co-
transcriptional splicing. Diminished splicing fidelity 
predominantly affects a subset of genes essential for 
Ras-driven cells. 

siRNA screens revealed distinct splicing factors as 
promising therapeutic targets to eliminate Ras-driven 
cells. Small molecule inhibitors of splicing selectively 
induced apoptosis in senescent or proliferating cells 
harbouring oncogenic Ras and showed therapeutic 
potential in vivo. 

Conclusion 

Ras-driven senescent and proliferating cells highly 
depend on regulators of co-transcriptional splicing for 
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their proliferation and survival. Several splicing factors 
are promising therapeutic targets for Ras-induced 
tumours. Novel drugs, antisense oligonucleotides 
(AONs), or combination therapy regimens might help 
to translate these findings into clinical practice. 
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Question 

Hepatocellular carcinoma (HCC) and intrahepatic 
cholangiocarcinoma (ICC) are the two most common 
types of primary liver cancer. Both have similar risk 
factors, but differ in their morphology, therapies and 
prognosis. We could recently show that the 
microenvironment from pre-damaged hepatocytes can 
epigenetically influence the expression levels of the 
transcription factors Tbx3 and Prdm5 during liver 
cancer development determining lineage commitment 
into HCC (Tbx3) or ICC (Prdm5). However, the 
functional network of Tbx3 and Prdm5 in this 
mechanism is still unknown. 

To better understand this, we analyzed cytokines in the 
microenvironment of dying hepatocytes that could 
influence epigenetic mechanisms regulating Tbx3 and 
Prdm5. We also looked at epigenetic regulators 
(Hdac5, Hdac6, and Kat6a) that might affect the 
expression of Tbx3 and Prdm5. Moreover, we 
addressed how transcription factors Tbx3 and Prdm5 
determine tumor lineage during oncogenesis of 

transformed hepatocyte by investigating possible 
downstream targets of Tbx3 and Prdm5. 

Method 

Based on our previous data, we measured gene 
expression of selected epigenetic regulator in primary 
mouse liver tumors which we first classified into either 
HCC or ICC based on immunohistochemistry for HCC 
(HNF4a) or ICC (CK19) markers. Next, we analyzed the 
influence of selected cytokines on primary hepatocyte-
like cells. After in vitro treatment we isolated RNA and 
used RT-qPCR to determined the expression level of 
epigenetic regulators. To better mimic mechanism 
during oncogenic transformation, we also developed 
an in vitro model by transfecting hepatocytes with 
transposon-based oncogene plasmids (c-Myc and 
NrasG12V). We validated their expression by 
immunofluorescence and demonstrated malignant 
characteristics using Soft agar colony formation assay. 

To investigate putative downstream targets, based on 
previous data, we established stable murine HCC or ICC 
knockdown cells of the genes via lentiviral transduction 
of shRNA constructs. After proving knockdown 
efficiency we analyzed changes in HCC or ICC-specific 
lineage marker via RT-qPCR. 

Result 

In fully developed tumors, we demonstrated that 
epigenetic regulators Hdac5, Hdac6 or Kat6a did not 
show differential expression between HCC and ICC 
cells. We assumed that different regulation of these 
epigenetic factors might only be important for the 
alteration of Tbx3 and Prdm5 during onset of 
oncogenesis. Thus, we tested deregulation of these 
factors in primary hepatocyte-like cells upon treatment 
with cytokines PF4, CCL8, CCL6 or Aimp1 found in pre-
tumorigenic microenvironments. However, RNA levels 
of Hdac5, Hdac6 or Kat6a did not change. 

To better analyze these conditions in transformed cells 
undergoing differentiation we transfected primary 
hepatocyte-like cells with transposon-based plasmids 
harboring c-Myc and NrasG12V. We could show stable 
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expression of both oncogenes via immunofluorescence 
in cells three days after transfections. Moreover, soft 
agar assays showed growth of transfected cells 
compared to control cells, proving in vitro 
tumorigenesis mechanism. 

To address effect of downstream targets for Tbx3 or 
Prdm5 we established stable HCC and ICC knockdown 
cell lines for Col3a1, Thbs1, Ephb2. We then analyzed 
the impact upon knockdown on tumor lineage marker. 
Strikingly, knockdown of Col3a1 could switch ICC cells 
into HCC cells shown by upregulation of HCC marker 
(HNF4a and Thbs1) and downregulation of ICC marker 
(CK19, Ephb2 and Prdm5). 

Furthermore, interrogation of the GEPIA database 
showed significantly higher expression of Col3a1 in ICC 
compared to HCC in human liver cancers. 

Conclusion 

We could show that PF4, CCL8, CCL6 or Aimp1 do not 
change Hdac5, Hdac6 or Kat6a in non-malignant 
primary hepatocytes. Differences of Hdac5, Hdac6 or 
Kat6a are not maintained in fully grown HCC and ICC 
tumors. This suggests, that cytokine-induced changes 
only occur transformed, pre-tumorigenic cells and 
different expression levels of Hdac5, Hdac6 and Kat6a 
are not maintained in full-grown tumors. Further, we 
were able to successfully demonstrate that primary 
hepatocytes can undergo malignant transformation in 
vitro. This model can serve for further studies on the 
influence of cytokines on transforming hepatocytes. 

Finally, we showed that expression of collagen Col3a1 
in ICC cells can switch cell states towards HCC. As 
Col3a1 has been shown to be a downstream target of 
Prdm5 this study identified, how lineage-specific 
transcriptions factor can influence cellular fate in liver 
cancer. 
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The protooncogene c-Myc is a tightly regulated 
transcription factor in normal cells and deregulated c-
Myc activity plays an important role in tumorigenesis.  
C-Myc is found overexpressed in a wide range of 
human cancer types especially in human hepatocellular 
carcinomas (50%). Hepatocellular carcinoma (HCC) 
constitutes the third most common cause of cancer 
related death worldwide, a fact that is also largely 
attributed to the lack of effective treatment options. 
Despite the introduction of antibodies against VEGF or 
PD-L1, the prognosis of patients suffering from 
advanced HCC remains dismal. 

Here, we took advantage of our well established 
transposon based direct in vivo RNAi screening 
platform to identify new tumor suppressor genes in a 
c-Myc driven p53 heterozygous HCC mouse model. 
Proof of concept experiments validated our platform, 
as diluted shRNAmir targeting the tumor suppressor 
gene PTEN could be safely identified from a pool of 
different shRNAmir.  To conduct the screen, we used a 
previously published focused shRNAmir library 
targeting the mouse orthologs of genes deleted in 
human hepatocellular carcinoma. 
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Our screen pinpointed Tenomodulin (TNMD) as a 
putative novel tumor suppressor gene in HCC.  TNMD 
is a protein that is related to chondromodulin-I 
(CNMD), which is a cartilage-specific glycoprotein that 
functions to stimulate chondrocyte growth and to 
inhibit tube formation of endothelial cells. 
Interestingly, CNMD was described as an angiogenesis 
inhibitor. Functional genetic validation experiments 
using two TNMD-targeting shRNAmir validated our 
screening results. Conversely, enforced overexpression 
of TNMD inhibited tumorigenesis in an aggressive 
NrasG12V;  p19-/- liver cancer mouse model. 
Mechanistic studies revealed anti-angiogenic 
properties of TNMD but also suggest an additional 
tumor cell intrinsic mode of action. 
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Question 

ALL is the most common malignancy in children. 
Reducing the risk of relapse in patients is an urgent 
clinical need. T cells are potent effectors against 
leukaemic blasts and immune responses can be 
induced or enhanced by specific peptide vaccination. 
Neoantigens represent a unique class of antigens with 

tumour-exclusive expression. Targeting these antigens 
is in the scope of a multitude of immunotherapeutic 
approaches. The feasibility and toxicity of 
patient-specific peptide vaccination derived from 
neoantigens in patients with relapsed ALL has already 
been investigated within the clinical trial IVAC-ALL-1. 
To identify putative neoepitopes in such patients, 
whole exome sequencing (seq) of tumour cells and 
germline control tissue and transcriptome seq of 
tumour cells was performed. Neoepitopes were 
predicted in silico from nonsynonymous mutations and 
patient-individualized peptide cocktails were designed 
and synthesized. After vaccination, immune monitoring 
revealed vaccine-specific T cell responses. 

In the ongoing IVAC-AN project, T cell responses 
induced by the peptide vaccination are analysed and 
characterized in more detail: The ability of 
neoepitope-specific T cells to recognize and eradicate 
autologous tumour cells has to be assessed to validate 
the hypothesis that induction of such T cell responses 
in patients may prevent leukemic relapses. For this 
purpose, complete T cell receptor (TCR) α/β chain 
sequences of vaccine-induced patient-derived T cells 
are determined in order to re-engineer T cells via 
CRISPR-Cas9-mediated orthotopic TCR replacement 
(OTR) for further investigations and applications. With 
this technique specificity to almost any antigen can be 
conferred to T cells if the TCR genes are known. This 
makes the approach applicable for a wide variety of 
antigens such as virus-derived, tumour-associated or 
neoantigens. 

Method 

Isolated T cells are stimulated with vaccine peptides 
and expanded for 12 days. Antigen-specific T cells 
secrete cytokines upon peptide restimulation, enabling 
FACS-based single cell sorting of vaccine-specific T cells 
and subsequently single cell paired seq of variable 
CDR3 regions of the TCR α/β chain genes. The 
identified vaccine-specific TCRs can then be re-
expressed into reporter T cell lines and primary human 
T cells using OTR. The construct for OTR is linear and 
insertion is performed by homology-directed repair 
into the TRAC locus, paralleled by knock-out of the 
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TRBC-locus to eliminate any mispairing of endo- and 
exogenous TCR chains. 

Result 

TCRseq revealed dominant TCR variants: so far, we 
evaluated 8 TCRseq runs of 5 different patients, 5 for 
CD4+ & 3 for CD8+ T cells. In patient ALL0105 activated 
T cells could be identified after in vitro stimulation with 
L3MBTL4 M188I. Single cell seq of those T cells 
revealed a TCR repertoire with dominating CD4+ TCR 
variants (18.6% & 14.3%). T cells stimulated with FGL1 
T279A showed in 1.9% a dominant CD8+ TCR variant. 
ALL0112 T cells stimulated with peptide EXOC4 R5749 
had a dominant CD8+ TCR variant in 31.9% of the 
repertoire as well as a dominating CD4+ TCR variant in 
31.1% & 10.8% of the reads. For peptide CIC A320S, 
31.4% & 14.3% of T cells revealed a shared CD8+ TCR 
variant. 20% & 13.3% of the T cells from ALL0107 
stimulated with peptide ASAP3 A111V showed a 
shared CD4+TCR variant. In ALL0402, 21.4%, 13.7% 
(ABHD12 V240M) & 32.3% (KRAS G12V) of the TCR 
repertoire revealed dominant CD4+ TCR variants. 
ALL0101 T cells stimulated with ZCCHC3 D269fs 
showed a dominant CD4+ TCR sequence in 13.6%, 7.6% 
and another 7.6% of reads. Subsequently OTR was 
performed with 7 TCR sequences of ALL0105, which 
served as an index patient to test our analysis strategy. 
The 6 most abundant variants of CD4+ TCRs & one 
dominant variant of CD8+ TCR were re-expressed in 
Jurkat triple parameter reporter (J-TPR) cells. 
Functional assays with TCR engineered J-TPR cells are 
currently ongoing to verify the TCR specificity against 
the vaccinated neoantigens and to characterize TCR 
intrinsic features like functional avidity. 

Conclusion 

Our results show that single cell sorting of vaccine-
specific T cells from patient samples is feasible despite 
low frequencies and that subsequent single cell TCRseq 
is possible and reveals dominant clones with shared 
TCR α/β chains. OTR of the identified TCR genes is 
possible. The next experimental step is to show specific 
activation of TCR-engineered T cells upon peptide 
stimulation. The generation of TCR-transgenic T cells is 

of particular importance. On the one hand for research 
purposes to be independent of the limited number of 
patient-derived T cells as a basis for virtually unlimited 
experimental applications and on the other hand as a 
perspective approach for an adoptive T cell transfer 
therapy. Future goal is the definition of a warehouse of 
antigen-specific TCRs that can be readily engineered 
into patient or SCT donor T cells to produce ATMPs for 
the treatment of malignant or viral diseases. 
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Objective 

Immunotherapies, such as immune checkpoint 
blockade (ICB) and adoptive transfer of genetically 
engineered immune cells, have revolutionized cancer 
therapies. Still, only a minor fraction of patients 
benefits from this development. Rational 
combinatorial therapy approaches are hampered by 
limitations in comprehensive immunological profiling 
and functional understanding. Gaining insights into and 

analyzing complex tumor tissues at single cell level can 
be challenging with conventional 
immunohistochemistry (IHC) due to multiplexing 
limitations. High-content imaging procedures largely 
increased the characterization depth, leading to a 
better understanding of spatial sample compositions in 
both healthy and diseased tissue. 

Applying this novel technology, we have aimed to 
comprehensively analyze cohorts of primary patient 
samples as well as functional in vivo disease models, to 
decipher the tumor microenvironment  composition 
(cell types, functional states, spatial organization) and 
ask the underlying question: What are the mechanisms 
limiting the efficacy of immunotherapies, particularly 
chimeric antigen receptor T cells (CAR-T), and how to 
overcome those hurdles by rational combinatorial 
therapy approaches? 

Method 

Using the fully automated ultra-high content imaging 
platform MACSimaTM (Miltenyi Biotec), we address 
these questions for a broad spectrum of solid cancers 
with a special focus on pediatric entities, particularly 
sarcoma, neuroblastoma and NUT midline carcinoma, 
as well as for major adult-type cancers like lung and 
liver cancer. The MACSimaTM platform performs, in 
principle unlimited, iterative cycles of fluorochrome-
labelled antibody staining, epifluorescence imaging, 
and removal of the fluorochrome by photobleaching or 
enzymatic digest, allowing ultra-deep characterization 
of cell compositions and matrix components in the 
spatial context of diverse specimens. Data is analyzed 
using the MACSiQ View software, enabling automated 
single cell segmentation, principal component analysis, 
unsupervised clustering, marker-based gating, cell 
annotation, distance mapping, and correlation studies. 
Moreover, data can be transformed into CSV format 
for python-based workflows, among others Scanpy, 
Squidpy and CellCnn. 

Result 

Technology establishment was initiated with feasibility 
studies on reference tissues and primary tumor 
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samples from different entities, in order to define 
comprehensive antibody panels, enabling the 
identification of major cell types, particularly immune 
cells, extracellular matrix components, tumor vs. 
normal cell discrimination, functional phenotyping, 
identification of potential immune targets as well as 
inter- and intratumoral heterogeneity. After intensive, 
repetitive cross validation on different tissues as well 
as with available data sources, e.g. the human protein 
atlas, a panel of 120 markers/antibodies was 
established for comprehensive immunophenotyping of 
fresh frozen PFA-fixed tissue sections. Importantly, we 
found that tissue sections remain intact even after 96 
cycles of automated staining, imaging, and 
fluorochrome quenching. We were able to identify 
major subsets of tumor-associated cell types, matrix 
components and analyzed functional states, e.g. 
exhausted T cells. Applying the established panel, we 
identified spatially restricted myeloid signatures, both 
in primary tumor samples as well as in CAR-T-treated 
murine tumor models, that represent promising 
targets to improve T cell-mediated anti-tumoral 
activity. Moreover, we were able to demonstrate 
coherence and complementation of ultra-high content 
imaging data with other single cell technologies. 
Finally, our proof-of-concept studies highlighted the 
feasibility for "on-the-fly" diagnostics and the 
integration of the MACSimaTM platform in the 
diagnostic workflow. 

Conclusion 

Ultra-high content imaging is a valuable tool to deeply 
dissect cellular composition and spatial architecture of 
precious primary tumor samples. The MACSimaTM is a 
robust and easy to use benchtop device with clear 
advantages over conventional IHC and competing 
imaging platforms due to unrestricted panel size and 
highly flexible panel design. We demonstrate the 
feasibility for comprehensive immunological profiling 
of primary tumor samples as well as for in vivo disease 
models, allowing the discovery and understanding of 
complex, spatially restricted cellular interactions and 
functions within the TME, the identification of immune 
targets, and the potential for "on-the-fly" diagnostics, 

with the goal to complement and transform 
multimodal precision immunotherapy. 
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Background 

Early identification of ovarian cancer is challenging; 
however, it is influenced by inflammatory processes. 
This study examined BOT (borderline ovarian tumor) 
and HGSOC (high-grade serous carcinoma) patients" 
serum in the context of quantitative NMR (nuclear 
magnetic resonance) spectroscopy analysis of 
metabolites, lipoproteins and glycoproteins. This 
dataset would allow to determine the specificity of 
chronic inflammation stimulating carcinogenesis. 

Method 

Using IVDr (in-vitro diagnostics research) NMR, we 
examined BOT (n = 50) and HGSOC (n = 151) blood 
serum samples upon metabolites, large lipoprotein 
characteristics (112 regression model-based variables), 
and inflammatory markers, such as glycoproteins. Uni- 
and multivariate statistics was used for statistical 
analysis. 
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Result 

In the HGSOC vs. BOT comparison, we found amino 
acids alanine and histidine as decreased. While ketone 
bodies, glutamate, 2-hydroxybutyrate, glucose, 
glycerol, and phenylalanine were found in greater 
amounts. Over clinical stages, alanine, histidine, and 
formic acid were altered. Herein, overall lipoprotein 
content, except for HDL (high-density lipoproteins) 
subfraction and A1-A2 apolipoproteins, and 
glycoproteins A-B increased dramatically. Advanced 
ovarian cancer patients showed higher LDL (low-
density lipoproteins) triglycerides. Finally, NMR-based 
glycoprotein inflammatory indicators showed the same 
predictive statistical power as CA-125 (cancer antigen 
125). 

Conclusion 

IVDr NMR spectroscopy could discover altered 
metabolites and lipoproteins related to epithelial 
ovarian cancer formation and progression and how 
inflammation increased with malignancy. Hereby, the 
glycoprotein inflammatory biomarkers may improve 
future epithelial ovarian cancer diagnosis and therapy. 
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Question 

After allogeneic stem cell transplantation (SCT), there 
is a highly increased risk for viral infections since 
patients lack sufficient T cell mediated immune 
defense during immune reconstitution. Reconstitution 
of the patient's immune system after SCT depends on 
the intensity of pretreatment, the degree of T cell 
depletion of the graft and the patient's 
immunosuppression. Full immune reconstitution 

usually takes several months to more than a year. In 
the absence of endogenous immune protection, 
reactivation of latent persistent viruses (e.g. CMV, AdV, 
EBV) may occur, posing a great risk to patients. T cells 
specific for these viruses are usually present in 
relatively high numbers among lymphocytes of healthy 
donors. Hence, most grafts include such protective T 
cells. However, there is a risk that stem cell donors do 
not have sufficient re-activatable virus-specific T cells. 
The main reason for this phenomenon is immunologic 
naivety to the virus but may also include graft 
manipulation procedures such as T cell depletion prior 
to SCT. To address this issue of lacking T cell 
specificities for viral antigens, a new approach is the 
treatment with donor-derived TCR-transgenic T cells. 
With this technique specificity to almost any antigen 
can be transferred to T cells if the TCR genes are 
known.  

Method 

Isolated T cells are stimulated with virus-specific 
peptides and expanded for 12 days. Antigen-specific T 
cells secrete cytokines upon peptide restimulation. This 
was measured by intracellular staining and FACS 
analysis. Based on cytokine release, antigen-specific T 
cells can be immuno-magnetically labeled, isolated and 
enriched to generate monoclonal T cell clones. The 
variable CDR3 regions of the TCR genes are amplified 
and sequenced. Identified virus-specific TCRs can then 
transduced into other T cells using lentiviral vectors. In 
the lentiviral TCR construct alpha and beta TCR chains 
are located on the same plasmid together with genetic 
elements for lentiviral production. To proof 
transduction efficiency a CD19-tag is integrated. In 
order to prevent mispairing with the endogenous TCR 
during undirected lentiviral transduction, the 
endogenous TCR can be knocked out by CRISPR/Cas9. 

Result 

The lentiviral transduction rate reached 11% in Jurkat 
cells. Using CD19-positive selection by magnetic beads, 
the transduced Jurkat cells were enriched to over 90%. 
We compared TCR-knockout of wildtype with TCR-
transduced Jurkat cells. TCR-knockout was determined 
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by FACS staining of TCRαβ. Silent mutations inside the 
transduced TCR construct (TRAC & TRBC) prevents 
CRISPR/Cas9-mediated knockout of the exogenous 
TCR. After TCR knockout, wildtype Jurkat cells were 
60% TCRαβ negative. CRISPR/Cas9-mediated knockout 
of TCR-transduced Jurkat cells lead to 5% TCRαβ 
negative cells. This indicates that 95% of the TCR-
transduced Jurkat cells no longer express the 
endogenous TCR. Afterwards cells can be enriched via 
FACS sorting. 

Conclusion 

Our approach confirms that lentiviral transduction is a 
stable and established system for generating virus-
specific transgenic T cells. The combination with 
CRISPR/Cas9-mediated endogenous TCR knockout is 
useful to support lentiviral transduction by preventing 
mispairing of endogenous and exogenous TCR. The 
lentiviral method offers the possibility of providing the 
required number of cells for possible use in humans 
due to the high transduction rate. In addition, the 
method is established and relatively easy to conduct, 
while offering high throughput, as a large number of 
cells can be transduced simultaneously. The generation 
of TCR transgenic T cells is also of particular 
importance because these cells can be used for 
research purposes and could also be used in the clinic 
in the future. These engineered T cells can serve as a 
possible approach for adoptive T-cell transfer therapy. 
The future goal is to define a warehouse of virus-
specific TCRs that can be easily transduced into T cells 
from patients or seronegative SCT donors for use in 
donor-independent T cell transfer in the clinic. 
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Objective 

The spatial organization of various cell types within the 
tissue microenvironment (TME) is a key element for 
the formation of physiological and pathological 
processes, including cancer and autoimmune diseases. 
Until recently, it has been difficult to study such 
structures due to the technical requirement to both 
resolve spatial as well as high dimensional molecular 
profiles at the single-cell level. Moreover, the 
subsequent requirements to - typically computationally 
- integrate and interpret the resulting data to the end 
of defining descriptions or models of the TME and their 
disease-associated aberrations have been challenging. 
To address this issue, we present supervised spatial 
single-cell image analysis (S3-CIMA) for the 
identification of disease-associated cell type 
compositions from high-dimensional proteomic 
imaging data. 

Method 

S3-CIMA is a weakly supervised approach that 
leverages a single-layer convolutional neural network 
architecture. The input of S3-CIMA is derived from 
high-dimensional in situ proteomic imaging data that 
has been processed up to single-cell segmentation. The 
model trains with profiles of a set of spatially proximal 
cells, i.e., k-nearest cell neighborhoods (k-NN) around 
an anchor position (e.g., position of a cytotoxic T cell), 
associated with a phenotype indicating the originating 
condition. We demonstrated the utility of S3-CIMA by 
identifying outcome-specific cell state compositions 
from a CODEX-based study of the colorectal cancer 
(CRC) TME. Specifically, we applied the method to a 
CRC cohort to identify high-risk-specific spatial 
neighborhood cell type compositions in the tumor. 
Further, we used S3-CIMA to identify disease onset-
specific changes of the pancreatic TME in type 1 
diabetes in an imaging mass cytometry (IMC) study. 
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Result 

We demonstrated, for both CODEX and IMC data, that 
S3-CIMA can reveal novel disease- associated 
subpopulation structures and tissue organization. The 
model selects subpopulations that exhibit significantly 
different spatial distribution frequency across the 
phenotypes (e.g., good or poor survival groups in the 
CRC cohort analyses), while the frequency of the whole 
population of those cell types (i.e., unsupervised 
analysis) are similar in the phenotype groups. 
Identified cellular subpopulations can and are further 
interpreted and categorized into cell types and states 
according to expression of lineage and functional 
markers. These assignments allow for the definition of 
putative cell-cell interaction mechanisms that – here - 
are confirmed by previous independent findings, or 
generally motivate targeted intervention follow up 
experiments for validation. 

Conclusion 

S3-CIMA proved to be a useful tool to discover novel 
disease-associated spatial cellular interactions from 
currently available and future spatial biology datasets. 
Up to now, most of the spatial proteomic imaging data 
analysis efforts applied unsupervised methods that 
cannot use the associating external cues of interest 
directly. However, an increasing number of spatial 
proteomic imaging studies in the field of health and 
disease are and will be comparative, i.e., aiming at 
identifying spatial cell type composition patterns that 
explain external cues, such as physiological state, 
disease state, therapy response or signal transduction 
activity. S3-CIMA constitutes a machine learning model 
that addresses this issue and - as first of its kind - is 
expected to enable productive interpretation of such 
comparative studies in the future. 
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Question 

AML is an umbrella term for myeloid-lineage derived 
leukemias with strong immunomodulatory capabilities. 
Especially monocytic leukemias have been 
demonstrated to secrete pro- and anti-inflammatory 
soluble factors and shape the tumor-
microenvironment by expressing immune checkpoint 
ligands to escape innate and adaptive immune 
responses. Antileukemic activity mediated by immune 
cells is suppressed by immune checkpoint receptor 
engagement. Treatment of AML by CAR-T cells has 
been less successful in comparison to B-phenotypic 
ALL. Besides the high level of myeloid toxicity, the 
major obstacles are antigen heterogeneity in AML and 
inhibition of immune effector cell functions mediated 
by soluble factors as well as immune checkpoint 
molecules. We have developed the AdCAR-T platform 
(Seitz et al., 2021) to address both safety and efficacy 
with a highly versatile indirect CAR technology. AdCAR-
T are immunologically inert and require the presence 
of biotin-conjugated adapter molecules (AMs) to 
engage with target cells facilitating transient and 
combinatorial targeting. In the present study, we have 
screened baseline and inducible immune checkpoint 
ligand expression in pediatric AML and performed 
CRISPR/Cas9 mediated gene knock out of a panel of 
immune checkpoint receptors to reduce immune 
checkpoint ligand mediated inhibition of AdCAR-T.  
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Method 

Immune checkpoint ligands were profiled in primary 
pediatric AML bone marrow samples (n=30) as well as 
physiologic immune cells from healthy bone marrow 
(n=5) applying an 18-color flow cytometry panel. 
Inducibility of immune checkpoint ligand expression on 
AML cell lines was tested in co-culture experiments 
with AdCAR-T cells in presences and absence of AML-
targeted adapter molecules. In parallel, the induction 
of immune checkpoint receptor expression was 
determined on AdCAR-T cells. To evaluate functional 
relevance, we introduced CRISPR/Cas9 mediated gene 
knock outs targeting a panel of immune checkpoint 
receptors in primary AdCAR-T. Cytotoxicity of 
CRISPR/Cas9 modified AdCAR-T cells was assessed by 
luciferase and flow-based cytotoxicity assays in vitro. 
Immune evasive mechanisms were further studied by 
ultra-high content imaging using the MACSima device. 

Result 

We found heterogeneous expression of immune 
checkpoint ligands (PD-L1, PD-L2, CD112, CD155, 
CD276, HLA-DR) in primary AML samples. Importantly, 
we were able to demonstrate strong induction of PD-
L1 and HLA-DR expression and contrarily reduction of 
CD155 expression in co-culture experiments of AdCAR-
T with AML cell lines. CRISPR/Cas9 mediated editing of 
primary AdCAR-T resulted in robust und reproducible 
knock outs of various immune checkpoint receptors. 
Functional evaluation revealed significantly improved 
cytotoxicity of TIGIT edited AdCAR-T in comparison to 
RNP-Mock in vitro. Systematic evaluation of 
combinatorial knock outs is ongoing. 

Conclusion 

Immune checkpoint mediated CAR-T cell inhibition 
contributes to treatment failure in CAR-T cell 
immunotherapy of AML. Our data suggests CD155 
mediated suppression of (CAR)-T cells via TIGIT 
signaling as a relevant mechanism of immune evasion 
in AML. Knock out of TIGIT vastly reduces the inhibition 
of AdCAR-T by AML cells and leads to a restauration of 
cytolytic capacity. Therefore, incorporation of genetic 

modifications, such as TIGIT knock out, warrant further 
preclinical evaluation in AML. 
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Purpose 

Mutations in NOTCH1 are highly prevalent in T-ALL and 
aberrant NOTCH1 signaling is required for maintenance 
of the leukemogenic state in T-cell progenitors. 
However, little is known about which interaction 
partners are functionally required for oncogenic 
NOTCH1 signaling. We therefore aimed to identify 
previously unappreciated molecular dependencies 
required for NOTCH1-driven T-ALL cells. 

Method 

We performed an in vitro miR-E-based loss-of-function 
RNAi screen employing an shRNA-library targeting 340 
genes of the NOTCH1-interactome in a murine model 
of human intracellular NOTCH1 (hICN1)-induced T-ALL 
(Tx17 cell line). To identify NOTCH1-specific depletors, 
the screen was also performed in two murine Notch1-
negative cell lines, the pro-B-cell line BaF/3 and the T-
cell lymphoma cell line EL4. 
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Result 

We identified Smarcc1 as the top NOTCH1-specific 
candidate in our screen. Smarcc1 knockdown in Tx17 
cells resulted in rapid depletion of shRNA-expressing 
cells and induction of apoptosis. These results were 
confirmed in the NOTCH1-dependent human T-ALL cell 
line JURKAT and by probing public data from the 
depmap portal, revealing a strong SMARCC1-
dependency in the two most NOTCH1-dependent cell 
lines tested, JURKAT and PF-382. Pulldown of human 
SMARCC1 in Tx17 cells and proteomic analysis revealed 
binding of all known SWI/SNF complex members and 
Notch1. Retransplantation of Tx17 cells harboring 
Smarcc1 or neutral shRNAs and in vivo shRNA 
induction led to a significantly decreased spleen 
infiltration of Tx17 cells transduced with the Smarcc1 
shRNA compared to a neutral shRNA. RNAseq analysis 
of Smarcc1 depleted cells indicated a differentiation 
switch from DP to CD4 SP cells, implicating Smarcc1 as 
a mediator of NOTCH1-induced differentiation 
blockade.   

Conclusion 

By functionally interrogating the molecular networks 
directly involved in NOTCH1 signaling in a murine 
model of hICN1-induced T-ALL, we identified Smarcc1 
as a major contributor to oncogenic NOTCH1 signaling. 
Knockdown of Smarcc1 in NOTCH1-driven T-ALL cell 
lines resulted in apoptosis and rapid depletion of 
shRNA-expressing cells. Mechanistically, Smarcc1 binds 
NOTCH1 and regulates a NOTCH1-dependent 
transcriptional program. In ongoing investigations 
including CUT&RUN analysis, we are currently further 
probing the precise mechanism through which 
Smarcc1 maintains aberrant NOTCH1 signaling in T-
ALL, with a focus on a novel regulatory signaling axis 
consisting of NOTCH1, SMARCC1, and PD-1, which 
seems to be required for NOTCH1-mediated TCR-
signaling inhibition and differentiation blockade.  
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Method 

In non-cerebrally metastasized small cell lung cancer 
(SCLC) prophylactic cranial irradiation (PCI) has been 
established as standard of care. However, the role of 
PCI in neuroendocrine carcinomas (NEC) of other origin 
is not well defined so far. Even if PCI shows long-term 
reduction of brain metastasis in SCLC, severe side 
effects including neurocognitive decline are frequently 
observed. In addition, broad use of immune-
checkpoint inhibition (ICI) as well as improved 
imagining techniques further questioned the concept 
of PCI in SCLC and NEC. In this study, we analyzed the 
role of PCI in 422 consecutive patients with SCLC and 
NEC, treated between 2011 and 2022, at University 
Hospital Tübingen. 

Result 

Out of 422 patients, 78 (18%) were excluded due to 
cerebral metastases at initial diagnosis. A total of 82 
patients received PCI (76 patients with SCLC, 6 patients 
with NEC). In the SCLC cohort, 24 out of 76 patients 
(31.6 %) developed brain metastasis. Of note, 50 out of 
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156 patients (32.1 %) without PCI developed brain 
metastasis over time. Whereas PCI in our cohort was 
not associated with a significant reduction of brain 
metastasis, the median time to brain metastasis 
(TTBM) in patients with PCI was significant prolonged 
(19.5 months (95%CI: 7.3-75.3 months) with PCI vs. 7 
months (95%CI: 3-23.4 months in patients without PCI, 
p<0.001). In 54 patients (16%) PCI was combined with 
ICI, either in combination with cytostatic 
chemotherapy or monotherapy (SCLC (14%) and NEC 
(2%)). Interestingly in both cohorts (with or without 
PCI) patients receiving ICI showed similar rates of total 
number of brain metastasis as well as TTMB. 

Conclusion 

Our data provide new insights regarding the 
administration of PCI in a heterogeneous cohort of 
SCLC and NEC patients. Interestingly, PCI was sparsely 
applied in patients with NEC. Our data further suggest 
that the use of ICI didn"t significantly reduce the 
development or time to brain metastases in SCLC.  As a 
result PCI still remains one of the backbones in SCLC 
treatment. 
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Question 

When early-stage lung cancer is diagnosed, the 
treatment of choice is surgical resection of the affected 
lung lobe or segment, with complete lymph node 
resection, or stereotactic ablative radiotherapy (1). 
Despite curative intent, recurrence rates up to 28.3% 
are reported (2,3). The implementation of a sentinel 
lymph node (SLN) procedure could possibly enhance 

staging accuracy by identifying nodes that are most 
likely to contain metastasis, allowing for additional 
analysis (4). Furthermore, improved staging is an 
important step towards patient-tailored and less 
invasive treatment (4,5). We investigated the feasibility 
of implementing a SLN procedure during diagnostic 
work-up. First by analysing ex-vivo lung specimens, 
followed by implementation of the SLN procedure in 
clinical practice during navigation bronchoscopy and 
surgery. 

Method 

Ex-vivo exploration consisted of dual-labelled 99mTc-
indocyanin green (ICG)-nanocolloid injections 
endobronchially in ten resected lung cancer specimens 
and performing a SPECT/CT-scan to evaluate injection 
success. We aimed to determine feasibility of multi-
depot injection intra- and peri-tumorally in both solid 
and sub-solid lesions and to improve the SPECT/CT-
acquisition settings to visualize the SLN after drainage 
when performed in-vivo. The results of this exploration 
were used to protocolize an in-vivo follow-up trial, 
taking place during navigation bronchoscopy and 
surgery using 99mTc-nanocolloid or ICG, respectively. 
Recruitment of this clinical trial is on-going. 99mTc-
nanocolloid is endobronchially injected during 
navigation bronchoscopy, where a catheter is placed 
through a bronchoscope to navigate to the lung lesion 
and be able to take samples to determine its origin. 
After diagnosing the lesion, 99mTc-nanocolloid is 
injected to visualize the SLN(s) on a SPECT/CT-scan 
performed afterwards. When surgery is subsequently 
performed, ICG is transpleurally injected per-
procedurally to determine the SLN(s), based on near-
infrared imaging, and perform additional pathology on 
these SLN(s) to discover (micro-)metastasis. 

Result 

During the ex-vivo exploration, an average of 4 
injections with an average volume of 0.7 ml and 
activity of 89.5 MBq was injected in the specimen. 
Intra-tumoral injections proved to be less successful 
than peri-tumoral injections due to leakage out of the 
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injection site. The performed SPECT/CT-scan could 
visualize almost all injection depots individually. 

At least one SLN was discovered in both SPECT/CT-
scans of patients after endobronchial 99mTc-
nanocolloid injection during navigation bronchoscopy. 
In two patients undergoing surgery with ICG injection, 
six and three lymph nodes were identified as SLNs and 
have undergone additional pathological and 
immunological examination. Isolated tumor cells were 
discovered in the first patient and a micro-metastasis 
was discovered in the second patient, both in 
fluorescent, hilar, sentinel lymph nodes. Additional 
results will be available at the conference. 

Conclusion 

 SLN procedures using an endobronchial or transpleural 
injection of either 99mTc-nanocolloid or ICG are 
feasible and allow identification and localisation of 
SLN(s). This procedure provides means to visualize 
drainage from the injection at the tumor site. SLN in 
lung cancer patients helps targeting possible sites of 
(micro-)metastatic disease which would otherwise may 
have remained undiscovered. This additional 
information may guide the surgeon and pathologist 
and for example translate into upscaling the extent of 
surgical resection from segmentectomy to lobectomy 
and into an indication for receiving adjuvant immuno- 
and/or chemotherapy. Further research is needed to 
determine the full clinical value of this procedure. 
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In recent years, the development of new therapeutic 
approaches such as immune checkpoint inhibitors or 
the targeted use of targeted therapy has improved the 
overall survival rate of melanoma patients. However, 
the response rates of current treatment options are 
limited, and the emergence of resistance mechanisms 
to immuno-oncology (IO) therapies such as immune 
checkpoint blockers has become a major challenge in 
the treatment of melanoma. In-house research as well 
as studies by colleagues have shown that the PI3K/AKT 
pathway is deregulated in 70% of melanomas and plays 
a key role in the development of resistance 
mechanisms to targeted and IO therapies. Therefore, 
PI3K may be a promising target for specific inhibitor 
treatment. In particular, the combination of PI3K and 
MEK inhibitors that simultaneously target the PI3K/AKT 
and MAPK pathways may be an effective therapeutic 
option in metastatic melanoma, as shown in previous 
in vitro studies by us and others. In monotherapy, the 
pan-PI3K inhibitor BKM120 (activity against p110 
alpha, beta, gamma, and delta isoforms) is able to 
induce growth inhibition and apoptosis in most of the 
melanoma models tested to date, whereas BYL719, an 
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alpha-specific inhibitor, has limited antitumor activity 
as monotherapy. However, both combination 
treatments of PI3K and an MEK inhibitor resulted in 
effective growth inhibition and apoptosis in the cellular 
melanoma models tested, exceeding the effect of MEK 
inhibition as monotherapy. Initial in vivo test results (in 
ovo) on chick chorioallantoic membrane (CAM) showed 
reduced tumor burden and micrometastases by using 
the p110alpha-specific BYL719 in combination with 
trametinib. In vivo results in NSG mice injected with 
either BRAF or NRAS mutated cell lines also showed a 
synergistic effect of the combination. These data show 
that the combination of PI3K inhibitors with MEK 
inhibitors could be a new therapeutic option for 
melanoma patients. By using PI3Kα-selective inhibitors, 
potential side effects could be reduced compared to 
pan-PI3K inhibitors. 
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Question 

In recent years, cancer immunotherapies (CIT) aiming 
to activate endogenous T cells have proven to be vital 
in the treatment of advanced tumor diseases. Thus, for 
monitoring these novel therapies, characterizing the 
functional status of T cells, such as activation and 
exhaustion, could allow for an early and accurate 
evaluation of therapy response. In this study, we 
investigated whether longitudinal immunoPET of the T 
cell activation markers CD69 (early-) and OX40 (late 
expression) is applicable for monitoring activated T 
cells and CIT responses non-invasively in a syngeneic 
mouse tumor model over 7 days. 
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Method 

Both αCD69 and αOX40 monoclonal antibodies (mAb) 
were conjugated to the chelator deferoxamine and 
radiolabeled with zirconium-89 (89Zr). The 
radiochemical purities and construct stabilities were 
assessed by HPLC over 7 days. Murine CD69 and OX40 
expression kinetics on activated T cells were assessed 
by flow cytometry for 7 days. The specific binding of 
both radiolabeled antibody conjugates in vitro was 
determined using activated murine T cells and CD69 
and OX40 expressing cell lines. For in vivo evaluation, 
subcutaneous MC38 bearing C57BL/6 mice were either 
intravenously injected with 89Zr-Df-αCD69 or -αOX40 
and were treated with a combinatory CIT consisting of 
αPD-1/4-1BB or control mAb 24h and 120h post tracer 
injection. Serial PET imaging was performed prior to 
(baseline, day 0) and on days 1-7 post CIT initiation. For 
ex vivo validation, mice were sacrificed after the 
terminal PET scan, organs of interest were collected, 
and 89Zr-Df-αCD69/αOX40 related radioactivity was 
determined by γ-counting. Additionally, mass 
cytometry (CyTOF) investigations were performed to 
analyze activation marker expression patterns of 
immune cells within the tumor microenvironment 
(TME). Tumor growth ratios (calculated as the volume 
at the last imaging time point divided by the volume at 
the baseline scan) of <1.5 were considered responsive 
to treatment. 

Result 

Both tracers reached high radiochemical purities of 
>95% with an immunoreactive fraction of >60%.  In the 
CIT-treated group, 50% of mice showed significant 
inhibition in tumor growth when compared to the 
control group. CD69-immunoPET revealed a significant 
increase in 89Zr-Df-αCD69 tumor uptake in responding 
(10.23% injected dose per cubic centimeter (%ID/cc) ± 
2.19 SD) compared to non-responding (6.88%ID/cc ± 
2.11 SD) and control mice (6.74%ID/cc ± 0.79 SD) on 
day 4 post-CIT start. Imaging of the late T cell 
activation marker OX40 revealed the highest 
differences in the 89Zr-Df-αOX40 tumor uptake 
between responding (11.09%ID/cc ± 1.35 SD) and non-
responding (5.76%ID/cc ± 2.37 SD) mice as well as the 

non-treated control group (6.98%ID/cc ± 1.55 SD) 7 
days after onset of treatment. Tumor-to-muscle ratios 
were significantly higher for both tracers in responding 
mice on days 4 and 7, respectively, whereas organ 
uptake values in the lymphatic and clearance organs 
were similar across all groups. Ex vivo biodistribution 
analyses on day 7 confirmed the in vivo PET results. 
CyTOF experiments revealed specific OX40/CD69 
expression patterns of immune cell subsets involved in 
CIT response. 

Conclusion 

To conclude, immunoPET of both CD69 and OX40 
allows for longitudinal monitoring of the T cell 
activation showing distinct temporal kinetics within the 
TME. This approach enables the identification of CIT 
responders and CIT failure timely after the onset of 
treatment, highlighting the potential utility as a new 
strategy for therapy monitoring and early treatment 
adjustments. 
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Objective 

Our body surfaces are colonized by trillions of 
microbes, referred to as the microbiome, with 
particularly high microbial densities in the large 
intestine. Seminal studies have shown that the 
microbiome regulates tumor immunity through both 
pro- and anti-tumorigenic functions. This is also true 
for immune checkpoint blockade therapy (ICBT) where 
specific bacteria have been identified that affect 
antitumor immunity and potentially even predict ICBT 
efficacy. However, the molecular mechanism(s) of how 
specific bacteria or their products enhance ICBT 
therapy are poorly understood. It is our objective to 
shed light on the molecular mechanism(s) of how 
bacteria promote ICBT efficacy in colorectal cancer 
(CRC). 
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Method 

We utilize several in vivo CRC mouse models to study 
bacteria-host interactions. Germ-free, 
immunocompetent mice coupled with colonization 
with specific bacteria, heterotopic tumor development 
(MC38 cells) and ICBT allows us study bacteria-ICBT 
interactions. Moreover, we also use genetic CRC 
models that are colonized with a complex microbiota, 
supplemented with a specific bacterium of interest and 
ICBT to investigate the effect of bacteria in a more 
physiological setting. Our main readouts consist of 
tumor size/number assessment, analysis of immune 
cell activation through flow cytometry and bacterial 
sequencing through 16S amplicon sequencing. 

Result 

We have identified several bacterial taxa — 
Bifidobacterium pseudolongum, Lactobacillus johnsonii, 
and Olsenella species—that enhanced the efficacy of 
ICBT in most, but not all mouse models of cancer. 
Mechanistically, B. pseudolongum enhanced 
immunotherapy response through local, intestinal 
production of the metabolite inosine. Remarkably, this 
led to systemic antitumor immunity when combined 
with ICBT. This systemic response was associated with 
an ICBT-dependent decreased gut barrier function. The 
reduced gut barrier enabled systemic translocation of 
inosine and activated antitumor T cells. The anti-tumor 
effect of inosine was dependent on T cell expression of 
the adenosine A2A receptor and required 
costimulation. The co-stimulatory molecule was 
redundant as several co-stimulatory molecules where 
able to enhance the ICBT promoting effect of inosine. 

Conclusion 

Taken together, our study revealed a previously a 
microbial metabolite-immune pathway that enhanced 
ICBT efficacy. This knowledge may be exploited to 
develop future microbial-based adjuvant therapies. 
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Introduction 

Tumor cells usually show a hyperglycolytic metabolic 
phenotype with higher lactate production – the 
Warburg effect. This drift in the oxidative metabolism 
often leads to a more acidic microenvironment. This 
adverse microenvironment represents a unique 
metabolic signature in cancer cells with more invasive 
phenotypes. Iopamidol is a contrast agent used to 
measure extracellular pH (pHe) in vivo with Chemical 
Exchange Saturation Transfer (acidoCEST) Magnetic 
Resonance Imaging (MRI).1 Moreover, extracellular 
lactate (lactatee) can also be detected by CEST 
(shiftCEST) using a shift reagent (SR).2 In this work, we 
used two murine MMTV-PyVmT-derived cell lines, a 
parental S2WTP3, and a bone-tropic metastatic 
ML1B1B1 derived from repetitive in vivo selection. 
Preliminary experiments demonstrated that the two 
cell lines showed different invasive phenotypes and 
expression patterns of critical metabolic transporters 
responsible for regulating acidosis and lactosis in the 
extracellular space. Thus in this study, we aimed to 
assess extracellular acidification and lactate secretion 
of the S2WTP3 (parental) and ML1B1B1 (metastatic) 
cells with innovative MRI CEST. Here, we report the 
first results of combining acidoCEST with shiftCEST to 
determine both pHe and lactatee with the 
simultaneous application of iopamidol and SR. 
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Method 

In vitro spheroid invasion assay: Spheroids were 
generated with 500 cells via the hanging drop method. 
The invasive phenotype was assessed on day 5 after 
the transfer of the spheroid in a 2.5mg/mL collagen 
gel. Seahorse assay: 10,000 cells were analyzed 
following the Agilent™ "ATP Rate Assay" protocol. CEST 
MRI: 100,000 cells were seeded on 6 well plates for 
72h. After 24h, the medium was changed for Agilent™ 
medium (lower buffer capacity) and incubated in a 
CO2-free incubator for 48h before imaging. The 
supernatant was collected, and different CEST spectra 
were acquired using 10mM SR and 40mM iopamidol in 
the presence of the different supernatant on a 7T 
preclinical MR scanner (Brucker Biospec 70/30) using 
established CEST FISP sequences. CEST acquisitions 
were performed using 3μT and 6 seconds continuous 
saturation pulses or 14μT and 5 seconds continuous 
saturation pulses, for acidoCEST or shiftCEST, 
respectively. An LDH assay cross-validated the 
extracellular lactate concentrations. The pH was 
confirmed by measurement with a seven compact 
micro pH meter from Mettler-Toledo.  

Result 

We have recorded CEST using phantoms containing the 
solutions of iopamidol and SR combined. CEST data 
recorded in these phantoms showed no difference in 
quantifying both pH and extracellular lactate in vitro 
compared to the agents alone at the same 
concentrations. Calibration curves with iopamidol and 
SR showed a strong correlation (R2>0.98). To validate 
our hybrid methodology, we have selected S2WTP3 
and ML1B1B1 cell lines for their clear phenotypic 
differences. An invasion collagen-based assay 
demonstrated a more invasive profile with the bone-
tropic metastatic cell line ML1B1B1. Furthermore, a 
Seahorse ATP Rate assay showed a stronger ATP 
production for ML1B1B1 (p<0.0001). Data also show 
variations in metabolic biomarkers as assessed by 
western blot and qPCR analysis. For instance, we have 
observed that CAIX and MCT1 play a key role in these 
two different phenotypes. CAIX and MCT1 show 
significantly higher expression values in the ML1B1B1 

cell line (p<0.0001). These transporters are strongly 
associated with acidosis and lactosis in the tumor 
microenvironment (TME).3,4 Following these first 
studies, we aimed to determine acidosis and lactosis 
with a non-invasive MR imaging technique by 
combining shift- and acidoCEST in a single scanning 
event. Results showed that shift/acidoCEST allowed for 
the determination of extracellular acidosis and lactosis 
with high accuracy for both cell lines, with increased 
acidification for the metastatic cell line (p<0.0001), 
despite a lower lactate secretion (p<0.05) (metastatic: 
pHe = 6.95±0.01, [lactate]e = 12.4±3.25 mM/106 cells; 
parental: pHe = 7.22±0.07, lactatee = 17.4±3.34 
mM/106 cells). We validated the acido/shiftCEST 
imaging results with direct pH measures using a pH 
meter and a lactate assay kit. Data suggests that the 
higher acidification in ML1B1B1 is due to the more 
significant mitochondrial activity observed for the 
metastatic cell line–diverted metabolic fitness. 

Conclusion 

In sum, our results show that acido/shiftCEST can be 
used as a reliable technique for metabolic imaging, 
detecting extracellular acidity and lactate production 
non-invasively by MRI. We demonstrated for the first 
time that lactatee and pHe could be determined in a 
single event for two murine PyMT cell lines. This work 
offers a unique platform for assessing cancer metabolic 
aggressiveness, provided that acidity and lactate 
production are critical cancer biomarkers. Hence, 
acido/shiftCEST shows excellent potential for future in 
vivo hybrid characterization of the TME. 
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Objective 

Immune checkpoint inhibitors (ICIs), such as 
monoclonal antibodies that block PD-1 or CTLA-4, have 
been widely applied in clinical and scientific research. 
Although ICIs could generate effective antitumor 
responses, most tumors are resistant to the treatment, 
and long-term benefits are lacking. Alternative 
strategies currently aim to combine immunotherapies 
with other standard-of-care therapies. In this study, 
sorafenib, a multi-kinase inhibitor, is combined with 
ICIs to explore the potential to induce synergistic 
antitumor responses. We aimed to investigate the 
mechanisms for synergistic combinatorial therapy in 
aggressive triple-negative breast cancers that show 
resistance to ICIs. We also show a unique methodology 
for image-guided therapy with non-invasive 
multimodal imaging. 

Method 

Orthotropic tumor mice models were generated by 
inoculating 4T1 breast cancer cells under the 
mammary fat pad. Tumor-bearing mice were treated 
with ICIs (anti-PD-1 and anti-CTLA-4), sorafenib, or 

both. Isotypes-treated mice were included as a control 
group. Multimodal metabolic imaging accessed 
treatment stages at different time points. Histology, 
immunohistochemistry, and flow cytometry validated 
imaging at various time points. Immune cell infiltration 
was monitored dynamically by flow cytometry and 
histopathology. Multimodal imaging methods, 
including [19F]perfluorocarbon MRI, hyperpolarized 13C 
MRI using [1-13C]pyruvate, and [18F]FDG PET, were 
applied to detect dynamic changes in tumor phagocyte 
infiltration, glycolysis, and glucose uptake, respectively. 

Result 

We observed no inhibition of tumor growth with ICIs or 
sorafenib administered alone as a monotherapy, as 
anticipated. Nonetheless, combining ICIs and sorafenib 
significantly reduced tumor progression over the 15-
day therapy period. Data from flow cytometry and 
histopathology identified the immune-systemic stages, 
including the baseline, early response phase, and late 
response phase for different therapy groups. [18F]FDG 
PET imaging showed a uniform FDG uptake during the 
treatment in the ICIs and  the combinatorial therapy 
(ICIs+sorafenib) groups. Interestingly, hyperpolarized 
13C MRI revealed a higher lac/pyr ratio in the 
combinatorial therapy group compared to ICIs group at 
the early reaction phase (n=7, p=0.03). In sorafenib and 
control groups, a decrease in FDG uptake was observed 
at the regression phase (sorafenib: n=8, p=0.07; 
control: n=10, p=0.02). However, the lac/pyr rate 
dropped in the sorafenib group (n=4, p=0.02) during 
the late response phase, whereas it continued to 
increase in the control group (n=7, p=0.01). Data show 
that metabolism favours glycolysis with rapid ATP 
synthesis under combination therapy regime, which is 
akin to control treatment rather than monotherapy. 
From [19F]perfluorocarbon MRI measurements,  the 
combinatorial therapy group presented the highest 19F 
signal at the late reaction phase (n=3; p=0.005), 
suggesting a superior accumulation of phagocytes in 
the tumor. 
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Discussion and conclusion 

We have observed that sorafenib and ICIs act 
synergistically to provide significant antitumor effects. 
Indeed, the tumor growth was only inhibited in the 4T1 
orthotopic mouse models upon application of 
combinatorial therapy. Literature suggests a 
mechanism involving macrophage pyroptosis and 
natural killer cell-mediated cytotoxicity induced by 
sorafenib (Hage C., et al., 2019). The synergistic effect 
of combinatorial therapy probably enhances immune 
cell penetration and activation. This hypothesis agrees 
with the increased [19F]perfluorocarbon signal levels in 
the combination therapy group, suggesting a large 
number of phagocyte accumulation in the tumor area. 
In sum, we show that combinatorial ICIs + sorafenib 
therapy prevents triple-negative breast progression in 
4T1 mouse tumor models. This study showed that 
whilst [18F]FDG PET, hyperpolarized 13C MRI, and 
[19F]perfluorocarbon MRI alone could not discern the 
stages of immune-systemic therapy, multimodal 
imaging analysis could accurately identify the stages of 
treatment response. This study provides a valuable 
non-invasive approach to identifying new 
immunotherapy strategies and forecast different 
stages of immune-systemic response in vivo. 
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NACHT, leucine-rich-repeat (LRR) and pyrin domain-
containing protein 3 (NLRP3) is an intracellular 
inflammasome sensor of a broad range of stimuli. 

Association of NLRP3 with genetic auto-inflammatory 
diseases, systemic chronic inflammation and cancer 
underlies its high importance as a clinical target. Upon 
stimulation, inflammasome sensors often convert from 
an autoinhibited monomeric state to an activated 
oligomeric state to nucleate formation of a 
multiprotein inflammasome complex leading to 
caspase-1 cleavage, cytokine maturation and release 
and cell death. Here we report, that even prior to 
activation full length NLRP3 forms oligomeric 
complexes. The cryo-EM structure demonstrates that 
NLRP3 forms a 12-16 mer double-ring cage held 
together by LRR domains with signal-transducing PYD 
domains shielded within the cage cavity to avoid a 
premature activation. Surprisingly, such NLRP3 cages 
were predominantly membrane-localized, and 
mutational analysis demonstrated that membranes 
serve as scaffold for NLRP3 oligomerization. Structure-
guided mutagenesis further revealed that NLRP3 cages 
are essential for dispersion of the trans-Golgi network 
(TGN) – an early event in NLRP3 activation observed 
for the majority of activating stimuli. In addition to TGN 
dispersion, NLRP3 cage-defective mutants abolished 
NLRP3 activation, as judged by inflammasome 
punctum formation, caspase-1 cleavage, and cell 
death. Thus, the cage formation pre-assembles NLRP3 
into a "ready-to-go" oligomeric precursor, which 
licenses TGN dispersion and therefore serves as a 
gatekeeper for NLRP3 transport and activation. 
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Numerous extrinsic and intrinsic factors such as the 
aging process, genetic alterations or medication intake 
lead to a remodeling of the metabolism of cells of the 
adaptive immune system. Such alterations can impair 
the function of (engineered) T cells and reduce their 
antitumor activity. 

Recent findings demonstrate that dysfunctional 
immune cells not only display compromised 
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physiological function but can also induce systemic 
premature senescence and drive aging of solid organs, 
therefore actively contributing to onset or progression 
of several (age-related) diseases including cancer 
(Desdín-Micó et al., Science, 2020; Yousefzadeh et al., 
Nature, 2021). 

With our research, we will characterize the functional 
and metabolic properties of dysfunctional T cells. 
Based on these findings we aim to improve the efficacy 
of chimeric antigen receptor (CAR) T cell therapies by 
reprogramming their immunometabolism. 

My supervisor is Josef Leibold, UKT, Medizinische Klinik 
VIII 
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Objective 

Phantoms that mimic the MR-related properties of 
biological tissue are indispensable tools for testing and 
optimizing magnetic resonance imaging (MRI) 
equipment.1 Their composition and production have 
become an important area of research. 

In particular, phantoms suitable for diffusion-weighted 
(DW) MRI are attracting great interest. DW-MRI non-
invasively probes tissue microstructure and plays a 
crucial role in diagnosis, staging and treatment 
monitoring of tumors.2 In oncology, the DW-MRI-
derived apparent diffusion coefficient (ADC) is 
considered a promising biomarker for monitoring 
treatment response.3-9 

In order to test and calibrate new and existing DW-MRI 
sequences, post-processing techniques or MRI systems 
(e.g. hybrid MR-Linac systems), the availability of well-
suited measurement phantoms is essential. 

Several DW-MRI phantoms simulating predefined ADC 
values have already been presented.10-14 However, the 
ADC-modifying substances proposed so far entail 
several problems and disadvantages, such as a limited 
range of ADC values, relaxation times that do not 
reflect in vivo conditions, and/or additional undesirable 
off-resonance signal components that can lead to 
artifacts and inaccuracies in quantitative 
measurements.12,14 

In this work, soy lecithin is presented as a promising 
substance for the construction of diffusion phantoms 
with tissue-like MR properties that do not exhibit the 
aforementioned problems (results of this study were 
recently published15). 

Method 

Study Design: 

The aim of this work was to systematically investigate 
the MR-related properties of aqueous soy lecithin 
solutions. First, the effects on ADC and on the 
relaxation times (T1, T2) of water were systematically 
investigated using different concentrations (0-10%) of 
soy lecithin. To see if soy lecithin remains "MR-
invisible" or leads to detectable additional spectral 
signals at proton resonance frequencies, the solutions 
were also examined by localized 1H MR-spectroscopy 
(MRS). 
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Furthermore, a series of soy lecithin-agar gels was 
prepared to investigate whether T2 of the aqueous soy 
lecithin solutions can be controlled independently of 
the ADC by the addition of agar. For this purpose, the 
concentration of agar was varied (1,2,3,4%), while the 
concentration of soy lecithin was kept constant. Series 
of measurements were performed for three different 
fixed concentrations of soy lecithin (2,4,6%). 

Preparation of the samples: 

Aqueous soy lecithin solutions of different 
concentrations (0,0.5,1,2,3…,10%) were prepared in 
volumes of 50 ml. For this purpose, appropriate 
amounts of soy lecithin (Carl Roth, Karlsruhe, 
Germany) were dissolved in purified water under 
magnetic stirring at 650 rpm for 20 minutes. 

To prepare the soy-lecithin-agar gels, soy-lecithin and 
agar were first dissolved separately and then mixed. 
Agar gels were made by dissolving the appropriate 
amount of agar in purified water using a microwave 
heater. The agar solution was then cooled and once 
the temperature of the solution dropped below 70°C, 
the soy-lecithin solution was added with gentle stirring 
to obtain a homogeneous mixture. 

Data acquisition: 

MRI and MRS were performed on a whole-body, 3.0T 
clinical MRI system (MAGNETOM Prismafit, Siemens 
Healthcare, Erlangen, Germany) using an 18-channel 
body array coil. Data were collected at a temperature 
of 18.5°C±0.5°C and processed offline with MATLAB. 
Echoplanar-sequences (b-values: 0-1000s/mm2) were 
used for the ADC measurements. Quantitative 
relaxometry and MRS were performed for assessment 
of T1, T2 and detectable spectral components. ADC, T1 
and T2 of each sample were determined from circular 
regions of interest in calculated parametric maps. 

Result 

The presence of soy lecithin molecules and micelles 
which are formed from them significantly restricts the 
diffusion of water molecules and mimics the nearly 

Gaussian nature of diffusion observed in tissue (for b-
values<1000s/mm2). ADC values ranged from 2.02·10-

3mm2/s to 0.48·10-3mm2/s and covers the entire 
physiological range reported on biological tissue. 
Measured T1/T2 values of pure lecithin solutions 
varied from 2685/2013ms to 668/133ms with 
increasing concentration. No characteristic signals of 
soy lecithin were observed in the MR-spectrum. The 
addition of agar to the soy lecithin solutions allowed T2 
values to be well adjusted to typical values found in 
biological tissue (or tumors) without affecting the soy 
lecithin-controlled ADC. 

Conclusion 

Soy lecithin is a promising substance for the 
construction of diffusion phantoms with tissue 
mimicking properties relevant to the application of 
DW-MRI in cancer. It provides several advantages over 
previously proposed substances, especially a wide 
range of adjustable ADC values, lacking additional 1H-
signals, and the possibility to adjust ADC and T2 values 
(by adding agar) almost independently of each 
other. The durability and long-term stability of the 
solutions need to be further investigated. 
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Question  

The Hippo pathway is a growth control pathway that 
regulates gene expression through its downstream 
effectors, the transcriptional coactivators YAP and TAZ 
and their partner TEAD transcription factors. Due to 
the frequent hyperactivation of YAP and TAZ in many 
different human cancer types, YAP/TAZ are heralded as 
promising anti-cancer targets and many efforts are 
underway to develop inhibitors that block their 
transcriptional output. Mesothelioma, a rare cancer 
developing in the lining around the lungs (frequently 
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caused by asbestos exposure), is one of the prime 
candidates for Hippo pathway inhibition due to the 
frequent mutations in Hippo pathway components 
such as NF2 and Lats2. In this project, we tested the 
efficacy and specificity of a class of YAP/TAZ-TEAD 
inhibitors that bind into the palmitoylation pocket of 
TEAD proteins. 

Method 

Previously, the effects of YAP/TAZ TEAD inhibitors were 
investigated using mesothelioma xenograft models 
with human mesothelioma cell lines injected in 
immunodeficient mice. However, due to the foreign 
location of the cancer cells and the associated effects 
on cell-cell interactions and immunity, these models 
are not fully representative of the in vivo and patient 
tumors. Therefore, we used an orthotopic mouse 
mesothelioma model to test the therapeutic effects of 
YAP/TAZ-TEAD. The model was induced by intrapleural 
injection of Adeno-Cre virus in the pleural cavity of 
p53fl/fl/Lats1/2fl/fl mice to induce p53, Lats1 and 
Lats2 deletion in the mesothelial cells. 

Result 

We found that pharmacological inhibition of the 
YAP/TAZ-TEAD complex induced cancer regression, 
reduced the layer of mesothelioma around the lungs 
and caused an improved mouse survival. However, 
detailed analysis showed that the targeted therapy did 
not kill all cancer cells and that some cells were 
intrinsically resistant to the therapy. 

Conclusion 

These results provide essential insights into the 
understanding of YAP/TAZ targeted therapies. Since 
not all cells are removed by the targeted therapy, a 
combinatory treatment strategy to target cancer cells 
that can escape the targeted therapy is crucial. 
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Combinatorial targeting with (senolytic) CAR therapy 
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Chimeric antigen receptor (CAR) T cell therapy has 
shown remarkable success in treating patients with 
hematological malignancies. However, at least half of 
the patients still experience relapse or refractory 
disease after treatment with single-targeting CAR T 
cells. Downregulation or loss of the target antigen has 
emerged as a major mechanism of tumor escape after 
treatment with single-targeting CAR T cells. Therefore, 
strategies to target more than one antigen expressed 
on malignant cells are actively being explored in clinical 
trials. In addition, the immunosuppressive 
microenvironment is a major challenge for CAR T cell 
therapy in solid tumors. This project investigates the 
development of combinatorial CAR T cell designs 
against tumor- and/or senescence-related antigens to 
effectively target solid tumors. Furthermore, we aim to 
engineer CAR T cells to achieve sustained functionality 
in an immunosuppressive and senescent environment 
of solid tumors to improve therapeutic efficacy of CAR 
therapies. 

91 
Discovering novel therapeutic targets for drug-
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Question 

Identify novel therapeutic senescence targets and 
delineate ways in which specific TIS selection combined 
with immunotherapy might be used to promote certain 
anti-tumor effects 

Method 

We compared the effects of three therapy-induced 
senescence (TIS) agonists – etoposide, alisertib and 
CX5461 – in different liver cancer cell lines (HCC) on 
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innate immune pathways, surface marker expression, 
tumor cell-neutrophil interactions and natural killer 
(NK)-cell mediated killing. Furthermore, we 
characterized the senescent surfaceome to identify 
global therapeutic TIS markers using a broad screening 
approach. 

Result 

We observed striking differences between TIS agonists 
for several clearance-relevant properties including 
secretion of Senescent-Associated Secretory 
Phenotype (SASP) factors and expression of surface 
proteins. Furthermore, different TIS treatments 
conferred disparate sensitivity to innate immune 
modulation, NK-cell mediated killing and tumor cell-
neutrophil interaction. By characterizing the senescent 
surfaceome of senescent HCC cell lines we identified 
CD340 and CD95 as global TIS markers. Expression of 
these therapeutic targets was strongly increased upon 
senescence induction with different TIS agonists. To 
confirm these results we will validate the expression of 
the novel targets in a CX5461-treated HCC mouse 
model. We hypothesize that specific TIS selection 
combined with CD340/CD95-targeting immunotherapy 
could be used to promote certain anti-tumor effects. 
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Objective 

Children, adolescents and young adults (AYAs) with 
fusion-driven sarcoma, including and rhabdomyo-, 
Ewing- and synovial sarcoma, presenting with 
metastases at diagnosis continue to have a very poor 
prognosis despite multimodal treatment including 
intensified radio-/chemotherapy and autologous stem 
cell transplantation. We therefore conduct a 
prospective multicenter phase I/II study to evaluate 
clinical safety and immunological response to a 
patient-individualized peptide vaccine in pediatrics and 
young adults with metastasized, fusion-driven 
sarcomas, initiated in Q1 2023. 

Study design 

Inclusion criteria: Stage 1: Metastatic fusion-driven 
rhabdomyo-, Ewing- and synovial sarcoma patients 
(age < 40 y) in first or second complete remission (CR) 
or partial response (PR). WES and RNAseq data of the 
gene fusion must be available (INFORM, MASTER or 
HEROES-AYA). Stage 2: CR or stable PR including status 
post local therapy of remaining residua (PRplus) at end 
of standard treatment. 

Vaccine generation: Tumor-specific mutations and 
gene-fusions will be identified by WES and RNASeq. 
Neoantigens will be predicted based on individual HLA 
binding probabilities. The neopeptide with the highest 
prediction score will be selected. A second peptide will 
be derived from the sarcoma-specific fusion 
breakpoint. The individualized peptide cocktail will be 
administered s.c. (adjuvant TLR1/2 ligand XS15 
emulsified in Montanide; IPX vaccine). 

Study intervention: One month after the end of 
standard treatment patients will receive the IPX 
vaccine: Two vaccinations at week 0, 4, followed by 12 
weeks of follow-up. Duration of the interventional 
Stage 2 for individual patients is 6 months. Total trial 
duration is 4 years. It is estimated that 30 patients will 
be screened, and 21 patients enrolled. 

Primary aim of this study is to evaluate 
immunogenicity (specific T cell response at week 12) 

along with safety/toxicity of the IPX vaccine. Secondary 
aims are to compare the immunogenicity of the 
predicted neopeptide with the peptide derived from 
the sarcoma-specific fusion breakpoint; to evaluate EFS 
and OS at week 24; to evaluate quality of life during 
the trial; to correlate inducibility of immune responses 
with clinical patient characteristics. 

Result  

Prior to the initiation of the clinical trial, genomic and 
transcriptomic data from a large cohort of fusion-
driven sarcoma samples, analyzed in the INFORM 
study, was screened for recurrent fusion breakpoints, 
allowing in silico prediction of HLA class I and HLA class 
II ligands and possibly of-the-shelf peptide production. 
Encouragingly, we found identical breakpoint-spanning 
sequences in all analyzed PAX3-FOXO1 or PAX7-FOXO1 
positive rhabdomyosarcoma as well as all SS18-SSX1 or 
SS18-SSX2 positive synovial sarcoma samples. In 
contrast EWSR1-FLI1 fusions in Ewing sarcoma samples 
present more heterogeneous, with 4 hot spot 
breakpoints comprising >90% of cases. Moreover, 
vaccination of a first Ewing sarcoma patient with a 
EWSR1-FLI1 fusion derived peptides resulted in robust 
T cell responses. 

Conclusion 

In conclusion, patient-individualized peptide vaccines 
in fusion-driven sarcomas are feasible. 
Immunogenicity, safety and subsequently clinical 
benefit is currently evaluated in the phase I/II study 
PerVision. 
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Question 

Immune checkpoint inhibitors targeting programmed 
death receptor ligand-1 (PD-L1), have revolutionized 
the treatment of non-small cell lung cancer (NSCLC) [1, 
2]. The increased presence of tumor-infiltrating CD8+ 
T-cells (TILs) upon immune checkpoint inhibition is a 
robust biomarker associated with long term tumor 
control [3-6]. Tools to track TILs in patients would 
provide means to optimize the development of 
immune-oncology drugs. This study addresses the 
potential of in-vivo tracking of CD8+ T-cells to monitor 
responses to neo-adjuvant durvalumab in early-stage 
NSCLC patients. 

Method 

This is a single-center prospective study 
(NCT03853187) in patients with histologically proven 
T1b-3N0-1M0 NSCLC eligible for resection. Exclusion 
criteria are previous anti-cancer therapy <6 months 
and known immune disorders. The therapeutic 
intervention consists of two courses neo-adjuvant 
durvalumab (750mg Q2W), followed by  standard-of-
care surgery. At baseline and after neo-adjuvant 
durvalumab but prior to surgery, patients undergo 
several imaging procedures. This analysis reports on 
the TIL imaging upon completion of neo-adjuvant 
treatment. Cohort 1 underwent apheresis and 
magnetic-activated cells sorting (CliniMACS) to isolate 
100 x10e6 autologous CD8+ T-cells for ex-vivo cell 
labeling with 111In-oxine. Re-injection was followed by 
4h post-injection (p.i.) planar imaging, 70h p.i. SPECT 
imaging. Cohort 2 received 1.5mg 89Zr-Df-crefmirlimab 
berdoxam followed by PET/CT 24h p.i.. Both cohorts 
received standard-of-care surgery, which allowed 

direct validation of PET signal on whole tumor cross 
sections using autoradiography. 

Result 

In cohort 1, 8/10 patients underwent apheresis and TIL 
imaging; one procedure was withdrawn due to COVID-
19 restrictions and one due to unsuccessful T-cell 
isolation. CliniMACS yield ranged 240-714 x10e6 CD8+ 
T-cells, purity 84%-97% and cell viability 92%-100%. 
Labeling efficacy of 100 x10e6 cells for re-injection 
ranged 42%-64% and injected activity 22,4-36,7 MBq 
In-111. TIL imaging was completed by 8/10 patients in 
cohort 2, one subject discontinued neo-adjuvant 
treatment due to post-obstruction pneumonia, one 
patient was suspected of interstitial pneumonitis and 
didn"t start treatment. Tumor-to-blood ratios (TBR) 
were determined for both imaging technologies. CD8+ 
T-cell infiltration with TBR >2 was observed in 10/16 
patients imaged, ranging up to TBR 9,9. Tracer 
accumulation correlated spatially with TIL densities for 
both ex-vivo and in-vivo labelled CD8+ T-cells on 
autoradiography. Quantification of tracer uptake 
measures with CD8+ T-cell densities in tumor cross 
sections is ongoing and will be presented. 

Conclusion 

We implemented two methods for tracking CD8+ T-
cells in early-stage NSCLC patients after neo-adjuvant 
durvalumab treatment. Although ex-vivo cell labeling 
links more specifically to TIL migration, 89Zr-Df-
crefmirlimab has the potential to also target residing 
CD8+ T-cells. Quantitative correlation with presence of 
CD8+ T-cells in the resected tumor will help to 
determine the role of these imaging tools in the 
development of immune-oncology drugs. 
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Question 

Immune checkpoint inhibitors (ICI), targeting 
programmed death receptor 1 (PD-1) or its" ligand (PD-
L1), have revolutionized anti-cancer treatments, 
including non-small lung cancer (NSCLC) [1, 2]. 
However, ICI remains only effective in a subset of 
NSCLC patients and PD-L1 expression can be 
heterogenous, resulting in sampling errors of tumor 
biopsies and limited predictive value. Molecular 
imaging derived biomarkers provide a non-invasive 
alternative to assess tumor characteristics on a whole-
body scale. In this study we further explore the 
potential of [89Zr]Zr-DFO-durvalumab PET/CT imaging 
as predictive biomarker. 

Method 

This is a single-center prospective study 
(NCT03853187) in patients with histologically proven 
T1b-3N0-1M0 NSCLC eligible for resection. Exclusion 
criteria are previous anti-cancer therapy <6 months 
and known immune disorders. The therapeutic 
intervention consists of two courses neo-adjuvant 
durvalumab (750mg Q2W), followed by  standard-of-
care surgery. At baseline and after neo-adjuvant 
durvalumab but prior to surgery, patients undergo 
several imaging procedures. This analysis reports on 
the baseline imaging with 2 mg durvalumab labelled 
with 37±3,7 MBq zirconium-89 for imaging 3-4 days 
post-injection with PET (Siemens Biograph 40 mCT 
scanner (Siemens Healthcare)). PET acquisitions ranged 
from upper thigh to top of the head, for 5 minutes per 
bed position (matrix size 200x200, voxel size 
4.07*4.07*5mm, reconstructed with PSF+TOF 3i21s 
and XYZ-Gauss filter kernel with FWHM 3.0mm). CT 
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images were acquired of the same scan range with 
automatically modulated x-ray tube voltage and 
current (120 kV and reference mAs 50, matrix size 
512*512, voxel size 1.5*1.5*3mm, reconstructed with 
B31f convolution kernel). Tumor lesions were 
segmented on basis of the low-dose CT scan using the 
lung tumor segmentation algorithm embedded in 
MeVisLab (Fraunhofer BV). The segmented mask was 
superimposed on PET images using MATLAB version 
R2021b (MathWorks, Natick, MA, USA). To calculate 
activity located within the blood pool, a cylindrical VOI 
of 10 ml was placed in the descending aorta. 

Result 

Nineteen patients received at least one course of 
durvalumab. No unexpected adverse events were 
observed. Surgery was performed within maximum 38 
days (median 27 days) from start treatment in all 
patients, except one patient in whom surgery was 
delayed due to intercurrent COVID19. Of 19 patients 
planned for video-assisted thoracoscopic surgery 
(VATS) three procedures were converted to 
thoracotomy. Per standard of care, 8 patients received 
adjuvant systemic treatment and 2 patients received 
adjuvant radiotherapy.  According to RECIST1.1, all 
patients had stable disease and after median follow-up 
of 57 weeks (range 16 to 160), 4 patients experienced 
disease recurrence. Pathological response was 
observed in 7/19 patients (37%), including 2 patients 
(11%) with major pathological response with ≤10% 
viable tumor cells (Figure 2a). No relation with baseline 
PD-L1 expression on tumor biopsies was observed. 
Pathological responses were not associated with the 
mean or maximum density of tumor-infiltrating 
lymphocytes in the resected tumor [89Zr]Zr-DFO-
durvalumab PET/CT was performed in 17/20 patients, 
one procedure conjugation failed, in two other 
procedures the Zirconium-89 yield was insufficient. On 
average SUVmax of the tumor was 13.5, ranging from 
4.1 to 50.2 and average tumor-to-blood ratio (TBR) was 
3.0, ranging from 1.1 to 9.8. Heterogeneous intra-
tumoral distributions of [89Zr]Zr-DFO-durvalumab was 
frequently observed, as well as uptake in draining 
lymph nodes that exceeded uptake in the primary 
tumor. Both SUVmax and TBR were significantly higher 

(p=0.02) in patients with pathological response, as 
compared to patients with more than 40% viable 
tumor cells after treatment. 

Conclusion 

This study demonstrates that neo-adjuvant treatment 
with two courses durvalumab is a safe and effective 
strategy to induce pathological responses in early-
stage NSCLC. Although baseline PD-L1 expression levels 
were neither associated with increased [89Zr]Zr-DFO-
durvalumab uptake, nor with pathological response, 
the dose of durvalumab that is locally delivered to the 
tumor is associated with increasing likelihood of 
pathological responses. 
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Question 

Chimeric antigen receptor (CAR) T cells have become a 
powerful treatment strategy against several aggressive 
hematological malignancies. However, a considerable 
proportion of patients suffer from relapse and 
therapeutic success in solid tumors has been limited so 
far. CARs encoding CD28-costimulatory domains 
exhibit strong effector function while their persistence 
is rather limited. In contrast, 4-1BB-based CARs show a 
slower effector function and reduced activity against 
antigen-low tumors, but increased persistence 
compared to CD28-based CARs. Modulating signaling 
activities to improve the persistence of CD28 CARs or 
to augment the effector function and antigen 
sensitivity of 4-1BB CARs might thus further empower 
CAR T cell therapies in hematological malignancies and 
potentially in solid tumors. 

Method 

Recent approaches focus on changes in the CAR design 
to tune signaling activities, but also on ameliorating T 
cell function by introducing genetic modifications via 
CRISPR/Cas9. To avoid the introduction of potentially 
harmful double-strand breaks mediated by the classical 
CRISPR/Cas9 system while maintaining its high 
efficiency and flexibility, new approaches like base 
editing have been developed. Base editing relies on the 
classical CRISPR/Cas9 system but requires only a single 
strand break to insert specific mutations.  

Result 

To precisely modulate CAR T cell signaling activities by 
insertion of a single point mutation, we have 
developed the BE-CAR(E) (base edited CAR T cell) 
system. We demonstrate that this approach enhances 
antitumor efficacy of 4-1BB based CAR T cells against 

hematological and solid tumors by increasing their 
functional persistence. 

Repeated tumor antigen stimulations demonstrated 
that 4-1BB BE-CAR(E) T cells maintain high cytolytic 
activity and increased antigen-dependent proliferation 
capacity compared to controls without inducing 
significantly increased T cell differentiation or 
exhaustion. In addition, 4-1BB BE-CAR(E) T cells 
showed enhanced recognition of antigen-low targets, 
thereby eradicating low-antigen expressing tumor cells 
beyond the threshold of conventional 4-1BB CAR T 
cells. Importantly, the described mutation did not 
result in enhanced proliferation in an antigen-
independent setting, indicating that the mutation does 
not foster T cell transformation. 

Conclusion 

These findings support that BE-CAR(E) T cells might 
overcome several challenges of current CAR therapies 
while simultaneously increasing safety and genomic 
stability compared to previous CAR modifications. BE-
CAR(E) T cells combine enhanced effector function 
with extended persistence but prevent terminal T cell 
differentiation and exhaustion. In addition, they 
demonstrate increased capacity to target low-antigen 
expressing tumors, which is a current limitation of 
approved CAR T cell products and especially relevant 
for solid tumors due to their heterogeneity. Therefore, 
BE-CAR(E) T cells might advance current T cell 
therapies against hematological and solid tumors. 
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Question 

Over the past twenty years, targeting protein kinases 
has been among the most successful and fruitful 
therapeutic strategies for the development of new 
drugs, especially in the oncology field. In this 
timeframe, over 70 kinase inhibitors have been 
approved by the US regulatory agency (Food and Drug 
Administration) [1]. The monopolar spindle kinase 1 
(MPS1, also known as TTK) is a pivotal component in 
the cell division process regulating the spindle 
assembly checkpoint (SAC) [2]. Studies have strongly 
associated its overexpression with the formation of 
different solid tumors, and MPS1 has recently been 
considered as a novel prognostic marker for 
neuroblastoma [3]. Moreover, reversible MPS1 
inhibitors have been evaluated in clinical trials for the 
treatment of aggressive types of tumors such as 
pancreatic and triple-negative breast cancer [4]. 

Targeted covalent inhibitors (TCI) have resurged in the 
last decades due to the perception that well-designed 
covalent drugs or chemical probes can have 
advantageous properties such as excellent potency, a 
high degree of selectivity and a persistent drug–target 
interaction [5]. The MPS1 kinase harbors a non-
conserved cysteine residue (Cys604) in the middle of 
the so-called hinge region, which is only present in four 

other kinases (FGFR4, p70S6Kβ, MAPKAPK2 and 
MAPKAPK3) in the entire human kinome [6,7]. 
Furthermore, studies using MPS1 inhibitors with a long 
drug–target residence time showed as strong 
correlation between cellular efficacy and residence 
time, which might be translated into an improved 
pharmacodynamic profile in vivo [8]. 

Due to the potential of this kinase as a drug target, we 
used a structure-based design approach to successfully 
inhibit MPS1 covalently for the first time. We will 
present the development and comprehensive 
structural, biochemical, and cellular characterization of 
the first-in-class covalent MPS1 inhibitor RMS-07. 

Method 

Molecular design started from the reversible inhibitor 
NTRC 0066-0 [8] in which the o-methoxy functionality 
was to be replaced by an acrylamide as the gold-
standard reactive group ("warhead") for cysteine 
targeting. We developed a synthetic access to the 
covalent inhibitor RMS-07 via a controlled acylation at 
low temperatures allowing the late-stage introduction 
of the warhead moiety. The biological properties of the 
compound were characterized by in vitro kinase 
assays, biophysical methods (protein X-ray 
crystallography, differential scanning fluorimetry, 
intact protein mass spectrometry) and a variety of 
cellular assays. 

Result 

RMS-07 shows low nanomolar potency with its 
covalent mode of action being confirmed by time-
resolved enzymatic assays and protein mass 
spectrometry. In addition, detailed insight into the 
binding mode was obtained from the X-ray crystal 
structure of the MPS1/RMS-07 complex (PDB code: 
7LQD), which further validated the covalent interaction 
and the target amino acid being Cys604. 

Furthermore, RMS-07 shows high selectivity over other 
kinases sharing a cysteine at the same position as well 
as a good selectivity profile in the entire kinome, as 
demonstrated by two kinase panels including a total of 
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200 protein kinases. In preliminary in vitro metabolism 
studies, RMS-07 shows high stability against 
glutathione and only moderate susceptibility to 
metabolism in mouse liver microsomes. A NanoBRET 
assay confirmed potent target binding in living cells 
and only partial recovery after washout. RMS-07 was 
able to potently suppress cancer proliferation in vitro 
in different cell lines, and the efficacy of MPS1 
inhibition could be further improved by combination 
with the senolytic drug navitoclax.   

Conclusion 

We were able to design and synthesize the first-in-class 
covalent MPS1 inhibitor RMS-07, which has been 
recently published [9]. Taken together, this work 
demonstrates the covalent ligandability of MPS1 via 
targeting Cys604, thus laying the conceptual basis for a 
novel class of irreversible MPS1 inhibitors. These 
efforts may guide future drug discovery efforts 
towards MPS1-targeted cancer therapies. 

References 

[1] Cohen, P., Cross, D., Jänne, P. A. Nat. Rev. Drug 
Discov. 2021, 20, 551-569. 

[2] Pachis, S.T., Kops, G.J.P.L. Open Biol. 2018, 8, 1. 

[3] Serrano, S.S. et al. Sci. Rep. 2020, 10, 11997. 

[4] Wang, S. et al. Eur. J. Med. Chem. 2019, 175, 247–
268. 

[5] Gehringer, M., Laufer, S.A. J. Med. Chem. 2019, 62, 
5673. 

[6] Chaikuad, A. et al. Angew. Chem. Int. Ed. Engl. 2018, 
57, 4372. 

[7] Hagel, M. et al. Cancer Discov. 2015, 5, 424. 

[8] Uitdehaag, J.C.M. et al. J. Mol. Biol. 2017, 429, 
2211–2230. 

[9] Serafim, R.A.M. et al. J. Med. Chem. 2022, 65, 4, 
3173–3192. 

97 
Targeting cancer driver mutations with engineered T 
cells 
M. Mitstorfer1 
1Universitätsklinikum Tübingen, Kinderklinik, Tübingen, 
Germany 

Chimeric antigen receptor (CAR) T cell therapy can 
induce durable remissions in patients with refractory B 
cell malignancies, but response rates in solid tumors 
have been modest so far. Target identification is one of 
the most challenging aspects in the development of 
CAR T cell therapies against solid tumors due to the 
paucity of safe and tumor-specific surface antigens. In 
contrast to conventional CARs, T cell receptors (TCRs) 
can target intracellular neoantigens that are presented 
in the context of HLA, opening up a wide spectrum of 
cancer-specific antigens that are not accessible to 
conventional CAR T cells. In this project, we aim to 
design TCR-mimic (TCRm) CAR T cells targeting cancer 
driver mutations and explore different treatment 
options to increase the antigen density on target cells. 
In addition, we aim to apply gene editing and 
engineering approaches to achieve high antigen 
sensitivity of the cell product for efficient target cell 
killing. 
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CAR NK cells in the context of senescent tumor cells 
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The success of chimeric antigen receptor (CAR) T cells 
has opened an extensive field of research and has led 
to several FDA-approved CAR T cell products against 
hematologic malignancies. However, major hurdles of 
CAR T cell therapies currently involve severe 
toxicities, antigen escape, T cell dysfunction, the need 
for autologous T cells and especially in a solid tumor 
setting the immunosuppressive tumor 
microenvironment, limited T cell trafficking and poor 
tumor infiltration. Ongoing preclinical and clinical 
studies are exploring diverse strategies to further 
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enhance therapeutic potency of engineered immune 
cells in different settings. 

Natural killer (NK) cells are innate lymphocytes with a 
natural cytolytic activity against stressed cells 
(including tumor and senescent cells), which can be 
therapeutically applied in an allogeneic setting. First 
clinical studies using engineered NK cells have shown 
promising response rates and a very low toxicity 
profile.  

In this project, we intend to exploit and to further 
enhance NK cell-mediated killing of tumor cells by 
gaining improved mechanistic understanding into NK 
and CAR NK cell biology, especially in the setting of 
senescence. We aim to translate our findings to 
generate optimized engineered NK cells. 
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Metastatic gastric carcinoma is a highly lethal cancer 
that responds poorly to conventional and molecularly 
targeted therapies. Despite its clinical relevance, the 
mechanisms underlying the behavior and therapeutic 
response of this disease are poorly understood owing, 
in part, to a paucity of tractable models that faithfully 
recapitulate different subtypes of the human disease. 
To close this gap, we developed methods to 
somatically introduce different oncogenic lesions 
directly into the stomach epithelium and show that 
genotypic configurations observed in patients produce 
metastatic gastric cancers that recapitulate the 
histological, molecular, and clinical features of all non-
viral molecular subtypes of the human disease. 
Applying this platform to both wild-type and immune-

deficient mice revealed previously unappreciated links 
between the genotype, organotropism and immune 
surveillance of metastatic cells that produced distinct 
patterns of metastasis that were mirrored in patients. 
Our results establish and credential a highly portable 
platform for producing autochthonous cancer models 
with flexible genotypes and host backgrounds, which 
can unravel mechanisms of gastric tumorigenesis or 
test new therapeutic concepts aimed at improving 
outcomes in gastric cancer patients. 
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Senescence is a stress-response program characterized 
by stable cell cycle arrest and a secretory program 
termed the senescence associated secretory 
phenotype (SASP). While senescence can serve as a 
potent tumor-suppressive mechanism, the chronic 
accumulation of senescent cells in the 
microenvironment can contribute to tumor 
progression. The distinct characteristics of senescent 
cells include alterations in morphology, secretome and 
surfaceome, thereby opening new therapeutic options 
such as novel cell surface antigens that can be targeted 
by engineered T cells expressing chimeric antigen 
receptors (CARs). We could previously demonstrate 
that such senolytic CAR T cells can efficiently eliminate 
senescent cells and provide therapeutic benefit in 
models of advanced malignancies. 

This project aims at gaining mechanistic insights into 
the interaction of senescent tumor cells and CAR T 
cells. We will investigate how CAR T cells are 
influenced by SASP factors or surface molecules 
expressed on senescent cells and how CAR T cells 
impact senescent tumor cells. To get improved 
understanding of these reciprocal interactions, we are 
employing live-cell and high content microscopy 
methods as well as functional and phenotypic CAR T 
cell analyses. Based on our findings, we will use gene 
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editing to tailor CAR therapy to the specific treatment 
settings. 

My supervisors are Judith Feucht (Kinderklinik 
Tübingen [iFIT]) and Bettina Weigelin (WSIC [iFIT]). 
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With 2 million deaths per year, liver diseases 
contribute to 3.5% of global deaths. Even though, liver 
cirrhosis and liver cancer account for the majority [1], 
the therapeutic options for the treatment of liver 
failure remain limited. 

Discoveries by Wuestefeld et al. revealed the key role 
of MKK4 (mitogen-activated protein kinase kinase 4) in 
liver regeneration through the stimulation of 
hepatocytes and increased cell proliferation [2]. 
Knockdown of MKK4 with shRNA in an in vivo RNAi 
screen resulted in faster cell-cycle entry and 
progression of hepatocytes during liver regeneration 
[2]. Therefore, new small molecules inhibiting MKK4 
may represent a promising approach for treating acute 
and chronic liver diseases. 

For high-throughput screenings of large compound 
libraries, fluorescently labeled compounds are useful 
tools. FDA-approved BRAF inhibitor Vemurafenib has 
shown off-target activity on MKK4 and therefore, we 
utilized this scaffold as a starting point in our 
fluorescent compound design [3, 4]. 

We modified and optimized Vemurafenib derived 
inhibitors with differing core structures, leading to 
fluorescent 5-TAMRA (5-carboxytetramethylrhodamin) 
derivatives with high binding affinities to MKK4, 
suitable for fluorescence polarization assays to identify 
new small-molecule inhibitors of MKK4 [5]. 

1. Asrani, S.K., et al., Burden of liver diseases in 
the world. J Hepatol, 2019. 70(1): p. 151-171. 

2. Wuestefeld, T., et al., A Direct in vivo RNAi 
screen identifies MKK4 as a key regulator of 
liver regeneration. Cell, 2013. 153(2): p. 389-
401. 

3. Vin, H., et al., BRAF inhibitors suppress 
apoptosis through off-target inhibition of JNK 
signaling. Elife, 2013. 2: p. e00969. 

4. Klövekorn, P., et al., From off-to on-target: 
New BRAF-inhibitor-template-derived 
compounds selectively targeting mitogen 
activated protein kinase kinase 4 (MKK4). 
European Journal of Medicinal Chemistry, 
2021. 210: p. 112963. 

5. Kircher, T., et al., Design and synthesis of novel 
fluorescently labeled analogs of vemurafenib 
targeting MKK4. European Journal of Medicinal 
Chemistry, 2021. 209: p. 112901. 
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Objective 

The global market for advanced Therapy Medicinal 
Products (ATMPs) is continuously expanding. In 
contrast, availability of pharmaceutical grade vector for 
cell transduction is limited and the manufacturing 
restricted to a relatively small number of providers, 
resulting in high costs and production times. This 
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bottleneck is a significant obstacle towards academia 
driven clinical translation of innovative novel 
therapeutics and early clinical studies. In this study, we 
aim to establish a modular Good Manufacturing 
Practice (GMP)-compliant production line for clinical 
grade vectors to bridge the gap between preclinical 
research and existing GMP-production capacities 
utilizing the CliniMACS Prodigy platform. Our primary 
objective is to produce clinical-grade lentiviral vector 
(LV-vector) for Chimeric Antigen Receptor T cell (CAR-
T) manufacturing. Subsequent objectives are to utilize 
the production line for adeno-associated viruses (AAV) 
and oncolytic viruses. In addition, we develop a down-
scaled and open version for research and optimization 
purposes. 

Method 

Upstream processing: For vector production, we 
established high density suspension cultures utilizing a 
GMP-ready HEK293 cell line for transient transfection. 
Measures for product quality, including functional and 
non-functional titer, were implemented to ensure the 
infectivity of the virus. Downstream processing: We set 
up a modular platform for chromatographic 
purification of lentiviral particles. We used diafiltration 
for buffer exchange into variations of physiological 
buffers, suitable for capture chromatography. Here, we 
also compared centrifugation-based buffer exchange 
with scalable flat-sheet cassettes and hollow fiber 
filters. For subsequent chromatography, we used these 
filtered materials and tested two columns for weak and 
strong anion exchange (AIEX). Envisioned GMP 
translation: Development and translation of cell 
cultivation and production will be transferred to a 
Sartorius Biostat® RM 20 bioreactor system. We will 
utilize sterilized single-use assemblies to ensure aseptic 
conditions. The chromatographic purification will take 
place in a closed ÄKTA system that utilizes non-wetted 
compartments and single-use kits. Final formulation 
aims for filling with peristaltic pumps and manifolds for 
bag aliquotation. 

Result 

Upstream processing: By optimization of the 
cultivation conditions, we were able to increase the 
quality, titer and production scale of the LV-vector to a 
500 mL production scale. To obtain the final product, 
360 mL of the clarified supernatant were concentrated 
by a factor of 10 via precipitation and aliquoted into 
three sterile bags, each with a volume of 10 mL. After 
concentration we detected a total of 3.4 x10^9 
transducing units (TUs) per bag. To test feasibility, a 
production run was performed on the CliniMACS 
Prodigy® utilizing and 2nd generation anti-CD276-CAR 
to transduce 3 x10^7 CD4/CD8-enriched T cells from a 
PDAC patient. Transduction efficiency was determined 
at day 5, resulting in 77% CAR-positive cells. 

Downstream processing: First results of pre-filtered 
chromatographic purification suggest that the 
purification process has effectively separated the 
desired compound from impurities and contaminants, 
as observed through the characteristic peaks and 
elution patterns on the chromatogram. Next steps will 
include the scale up of upstream and downstream 
processing. 

Conclusion 

In summary, we have established an upstream process 
to generate LV-vector for clinical scale CAR-T 
production. Current titer data suggest that the 
production yields are sufficient to compensate for 
expected losses during downstream processes. All 
components used, such as the cell line, packaging 
plasmids and media, as well as purification and 
chromatographic materials, are readily available for 
cGMP compliant manufacturing. The envisioned setup 
will be a closed process, suitable be performed in any C 
class clean room, reducing costs and regulatory efforts 
in order to allow large scale LV-vector production in an 
academic setting. 
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Peptide-based vaccination has proven the ability to 
induce antigen-specific immune responses in multiple 
studies. However, clinical responses remain so far 
limited to single patients and broad clinical applicability 
was not yet achieved.  In order to induce effective 
immune responses, peptide-based vaccines rely on the 
combination with effective and strong adjuvants. 
Recently, the novel water-soluble adjuvant XS15 
consisting of a synthetic Toll-like receptor 1/2 binding 
Pam3-Cys-derivative, which is covalently linked to a 
non-vaccine 9-mer peptide, showed its efficiency in 
inducing strong and long-lasting CD4+ and CD8+ T cell 
responses in first-in-man proof-of-concept experiments 
(Rammensee et al. JITC 2019) as well as in the setting 
of a Phase I clinical trial evaluating the SARS-CoV-2-
derived multi-peptide T cell activator CoVac-1 
(Heitmann et al. Nature 2022). Currently running 
clinical trials encompass a Phase I trial of a 
personalized multi-peptide vaccine for patients with 
chronic lymphocytic leukemia under ibrutinib 
treatment (NCT04688385), along with a Phase I trial 
investigating the fusion protein DNAJB1-PRKACA-
derived single peptide cocktail FusionVac-22 in 
fibrolamellar hepatocellular carcinoma and other solid 
tumors (EU-CT Nr. 2022-502869-17-00) (Bauer et al. 
Nat Commun 2022). 

In order to translate such peptide-based vaccines into 
clinical trials, precise and practical analyses are 
required to meet Good Manufacturing Practice (GMP) 
quality standards. Thus, we have implemented an in-
house GMP-approved production of peptide vaccines 
and quality control. The quality of late-stage 
development of the peptide vaccines is confirmed and 
validated via liquid chromatography and mass 
spectrometry analyses; validated according to 
International Conference on Harmonization (ICH) of 
technical requirements for registration of 
pharmaceuticals for human use. However, so far, the 
quality control was performed in several different 
time-consuming steps, separately for the vaccine 
peptides and the adjuvant XS15. In order to further 
optimize the bench-to-bedside process and timeline, 
this study aims to improve the existing methodology 
and to establish a much faster and practical process for 
the quality assurance of the peptide-based 
therapeutics in a single analysis. Therefore, we 
developed a novel method for Waters ultrahigh-
pressure liquid chromatography (UPLCTM) linked to 
the Time of Flight (ToF) mass spectrometry (MS) 
BioAccord system with the aim of obtaining 
chromatography and mass spectra information via a 
single sample run with cut-in-half measurement and 
analysis time for the GMP-approved production of 
vaccine cocktails. Various gradients and different 
columns were investigated to optimize the LC 
separation of peptides. In addition, optimal MS settings 
were defined to determine reliable and precise 
qualification of the vaccine peptides and cocktails. 

In summary, the optimized methodology overcomes 
the multiple steps of long and expensive analyses 
previously developed to detect the lipopeptide XS15, 
which is a well-known and significant obstacle in 
biopharmaceutical methodologies. The here developed 
novel workflow, which combines LC and MS quality 
control of peptide vaccines and the adjuvant XS15 in 
one single run, represents a robust and reproducible 
method that meet the quality criteria of GMP with 
optimized time and cost invested all-along the process 
of peptide-based cocktails. 
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Question 

The nuclear transport system (NTS) mediating nuclear 
transport of proteins and RNAs is highly relevant for 
the activity of various cancer-associated signaling 
cascades and their downstream effectors. Therefore, 

selective inhibitors of nuclear export (SINEs) represent 
a promising pharmaceutical approach. The compound 
selinexor selectively targets exportin-1 (XPO1) and is 
already FDA approved for treating multiple myeloma, 
large B-cell lymphoma and other hematological 
neoplasms. However, the efficacy of selinexor in solid 
tumors and related mechanisms leading to therapy 
response/resistance are poorly understood, 
particularly in hepatocellular carcinoma (HCC). Here, 
we set out to identify candidates potentially involved 
in selinexor treatment response using quantitative 
mass spectrometry-based proteomics (LC-MS/MS) as 
one of the key technologies. 

Method 

A panel of human (HepG2, Hep3B, HLE and HLF) and 
murine liver cancer lines (Myc-AKT1Myr, Myc-
NrasG12V, Myc-NrasG12V p53-/-, Yap1-NrasG12V p53-
/-, Myc-NrasG12V p19Arf-/-) were selinexor 
treated at different concentrations using several 
incubation times. The cells were then subjected to MTT 
viability assays and proteome-wide analyses by 
LC-MS/MS. Potential response/resistance-relevant 
candidates were/are currently investigated by 
qPCR/immunoblotting as well as by silencing or 
overexpression. 

Result 

Among human liver cancer cell lines HepG2 and Hep3B 
responded very well to selinexor treatment showing up 
to 75% viability reduction at a concentration of 0.25 
µM for 72 hours, whereas HLF and HLE remained 
largely unaffected. Among murine cell lines, the 
NrasG12V p19Arf-/- HCC cells showed the greatest 
response (10% residual viability) to selinexor treatment 
(0.1 µM; 72 h). Proteomic profiling of the emerging 
groups ("responders" versus "non-responders") 
revealed significantly higher abundance of Glutathione 
S-transferase P (GSTP1), Myoferlin (MYOF), Tubulin 
beta-4A chain (TUBB4A), Centrin-2 (CETN2), Profilin-1 
(PFN1) and Triple functional domain protein (TRIO) 
among others in the "non-responders" either already 
before and/or after selinexor treatment. Based on 
enrichment analyses and literature mining these 
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candidates can be linked to the exosome, cytoskeleton, 
and therapy resistance. Moreover, we identified a 
dose-dependent increase of PD-L1 expression (>10-
fold) at the mRNA level upon selinexor treatment with 
potential relevance for (combined) immune checkpoint 
therapy. 

Conclusion 

Our data so far suggest, that selinexor resistance in 
HCC may involve proteins related to cytoskeleton 
remodeling and exosome formation, which are being 
further experimentally validated. Based on the 
detected increase in PD-L1 mRNA, we assume a 
selinexor-mediated export block of particular 
transcription factors driving PD-L1 transcription. The 
underlying mechanism and possible impact of selinexor 
on the immune response towards tumor cells require 
additional investigations. 
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A major limitation in the treatment of cancer is the 
limited therapeutic index of currently available 
chemotherapies or molecularly targeted therapies. 
Drug related toxicities often necessitate restricted drug 
dosing regimens which only result in subtotal tumor 
remissions, which represent an important cause for 
tumor recurrences and the development of therapy 
resistance. Following up on previous work suggesting 
the Aurora kinase A (AurkA) as a promising therapeutic 
target for the treatment of tumor protein p53 gene 
(TP53) altered liver carcinomas [1] and TP53; 
retinoblastoma gene (RB1) altered [2] small cell lung 
carcinomas we here present first in class kinase sparing 

AurkA ligands which selectively kill TP53 deficient liver 
cancer cells and TP53; RB1 deficient small cell lung 
cancer cells. Small molecule mediated conformation 
changes of AurkA resulted in formation of multipolar 
spindles and subsequent cell death through mitotic 
catastrophe. Aim of our work was the uncoupling of 
the biological effect of our compounds towards TP53 
deficient cells from their inhibition of AurkA. The 
failure of MLN8237 in clinical trials is most likely due to 
its extensive inhibition of AurkA kinase activity, as this 
kinase fulfils an important role in mitotic regulation. 

We succeeded in transferring the I ½-binding concept 
from Tübingen Kinase Inhibitor Collection (TüKIC) 
library p38α mitogen activated protein kinase (p38α 
MAP kinase) inhibitors to AurkA within an in silico 
guided, iterative target hopping approach. 
Modification of the hingebinding motif led to a series 
of inhibitors and furthermore to a series of AurkA 
ligands, showing the desired biological effect on TP53 
deficient HCC without affecting the kinases activity as 
mentioned above. The comparison of our ligands 
towards MLN8237 in cytotox assays revealed a specific 
mode of action and a superior cytotoxicity profile. 

In an iterative process we improved the initial hit to 
generate novel AurkA ligands that work on a low 
nanomolar to subnanomolar range in TP53 deficient 
cancer cells without affecting the kinase function of 
AurkA and thus do not result in toxicity owing to 
inhibition of non-mitotic signalling transduction 
functions of AurkA in normal cells or TP53 and RB1 
wildtype cancer cells. The herein provided data suggest 
that small molecules designed to induce changes in 
protein conformation and likely altered interactions of 
AurkA with other proteins might represent powerful 
cancer drugs and thus opens a venue towards a new 
class of cancer drugs. 

1.Dauch, D.et al. A MYC-aurora kinase A protein 
complex represents an actionable drug target in p53-
altered liver cancer. Nat Med 2016, 22 (7), 744-53. 

2.Gong, X. et. al. Aurora A Kinase Inhibition Is Synthetic 
Lethal with Loss of the RB1 Tumor Suppressor Gene. 
Cancer Discov 2019, 9 (2), 248-263. 
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Cancer immunotherapy has progressed rapidly in the 
past decade but long-lasting response in patients 
remains rare. Cell-based immunotherapies focused on 
boosting the quantity and effector function of tumor-
specific cytotoxic CD8 T cells (cytCD8), which kill cancer 
cells in direct cell-cell contacts. However, in recent 
years evidence accumulated that CD4 T cells play a 
critical role for sustained response. Besides Th1 CD4 T 
cells which support immune responses by 
inflammatory cytokine production, subsets of CD4 T 
cells can express granzyme B and perforin and kill 
target cells in an MHC-II-dependent manner. Cytotoxic 
CD4 T cells (cytCD4) were first described in chronic viral 
infections and autoimmunity and more recently, their 
intra-tumoral presence in patients showed to correlate 
with a good prognosis. How cytotoxic CD4 T cells 
control tumor progression, their effector function and 
their interplay with CD8 T cells remains unclear 
because protocols to generate these cells in large 
numbers ex vivo are lacking. We therefore developed a 
method to differentiate CD4 T cells with cytotoxic 
phenotype ex vivo and studied their activation and 
effector function by using live-cell microscopy and 
fluorescent reporters for T cell-mediated intracellular 
damage in melanoma cells. 

Based on the observation, that cytCD4 occur in 
chronically inflamed tissue, we repetitively re-
stimulated Ovalbumin (OVA)-specific Th1 OT2 CD4 T 
cells over multiple days and tested the effect of 
inflammation-associated tissue parameters such as 
temperature and inflammatory cytokines, on the 
differentiation of cytCD4. Cytotoxic phenotype, 

activation and exhaustion markers were characterized 
on mRNA and protein level via multiplexed flow 
cytometry and ELISA. Chronic stimulation combined 
with a mild increase in culture temperature to 38°C 
resulted in the upregulation of Granzyme B in ca. 50% 
of CD4 T cells. Activation markers, such as CD69hi, 
CD44hi and CD62Llo of OT2 cytCD4 were expressed at 
comparable levels to Th1 CD4. We then tested the 
killing efficiency of cytCD4 OT2 T cells in organotypic 
3D collagen-based assays. B16F10/OVA cells were 
genetically modified to express CIITA to upregulate 
MHC-II and confronted with cytCD4 OT2 at 
physiological ET ratios, ranging from ET 1:4 – 1:8. 
CytCD4 reached a killing efficiency of 15 % after 24 h 
coculture, which remained significantly below the 
killing efficiency of cytCD8. Quantification of cell-cell 
contacts revealed prolonged interaction times of 
cytCD4 OT2 with OVA-expressing target cells, 
indicating antigen recognition, but were significantly 
shorter in duration compared to cytCD8 OT1 T cell 
contacts. The duration of individual cytCD4 – 
melanoma cell contacts varied from minutes to hours, 
with a median contact duration of 10 min. Compared 
to cytCD8 OT1, lag times between the first cytCD4 OT2 
contact and target cell death were longer (1.2 h versus 
4.8 h) and >10 cytCD4 were typically engaged before 
apoptosis was achieved. Thus, ex vivo generated 
cytCD4 T cells are able to directly kill melanoma cells, 
but killing efficiency remains significantly below the 
capacity of cytCD8 T cells. 

Thus, we successfully developed an ex vivo protocol for 
generating CD4 T cells with cytotoxic phenotype and 
function. Dynamic imaging confirmed the cytotoxic 
capacity of cytCD4 towards melanoma cells and, in 
summary, both, ex vivo generation protocol and first 
data, provide an important step towards 
understanding the potential of cytCD4 for cancer 
immunotherapy. 
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Objective: In the last decade, p38 MAPK (mitogen-
activated protein kinase) inhibitors have been widely 
investigated for a plethora of inflammatory diseases 
including rheumatoid arthritis, chronic obstructive 
pulmonary disease, but more recently also for a 
potential application in the treatment of liver cancer 
[1]. Latest results however may open an avenue for 
them in the treatment of colorectal cancer (CRC). CRC 
represents the second leading cause of death related 
to cancer worldwide according to the WHO. Since we 
found that the complete and persistent suppression of 
the p38 signaling pathways might play a critical role for 
favourable therapeutic effects, inhibitors with very 
particular properties were needed. 

Method 

Our already reported Type I p38α MAPK inhibitor 
Skepinone-L expresses a high potency and excellent 
selectivity in vitro and in vivo [2]. However, as a Type I 
inhibitor it acts entirely ATP competitive and shows 
just a moderate target residence time (TRT), which 
does not allow the long lasting suppression of p38 
signalling necessary to achieve significant therapeutic 
effects in CRC models. Thus, the scope was to develop 
a new class of advanced compounds maintaining the 
structural binding features of the Skepinone-L scaffold 

like inducing a glycine flip at the hinge region and 
occupying both hydrophobic regions I and II. Extending 
this core scaffold with suitable residues resulted in an 
interference with the kinase"s R-Spine. By optimizing 
this interaction, we could generate Type I½ Inhibitors 
with significantly prolonged TRT up to 3.600 s, along 
with an outstanding sub-nanomolar potency and an 
excellent kinome selectivity [3]. This new binding mode 
was validated by co-crystallization, showing all binding 
interactions typifying Type I½ binding [3,4]. Long term 
MD-simulation underlines the decisive Role of Water 
and Protein Dynamics in Residence Time of p38a MAP 
Kinase Inhibitors [5]. 

Result 

Based on that newly derived type I½ inhibitor scaffold 
a library containing more than 300 potential type I½ 
binders was compiled. The use of a comprehensive 
screening platform including enzymatic and cellular 
assays as well as TRT determinations and patient-
derived organoid assays led finally to the identification 
of a preclinical candidate to treat colorectal cancer, 
which underwent extensive in vitro and in vivo 
characterization. In parallel the synthetic access of key 
intermediates underwent an extensive optimization to 
ensure the sufficient supply of the emerging pre-
clinical development. [6] 

Conclusion 

We identified a very promising candidate with 
excellent pharmacological properties, strong 
therapeutic efficacy and low toxicity on mice and 
therefore a promising candidate for first clinical trials, 
accessible through a streamlined and scalable synthetic 
route. 
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Chemo- and radio-therapy are still the dominant 
treatment types for cancer, but advancing therapies 
such as immuno-therapy have emerged as promising 
tools. In general, identifying T cells that kill cancer cells 
in vivo or monitoring CAR-T cell activity, is critical to 
the development of successful cell therapies. 

The here developed label-free AtlaZ immune cell killing 
assay allows to investigate 2D or 3D cancer cells in a 6 x 
96-well throughput format. The platform can be e.g. 
applied to measure rate of killing to predict in vivo 
activity. Besides that, the technological methodology 
used here, electrical impedance spectroscopy (EIS), 
allows to gain a deeper understanding of cells to access 
kinetic and phenotypic information (1). 

Next to the EIS technology of the AtlaZ platform we 
developed different types of 96-well plate based 
consumables. A transparent plate type for recordings 
of 2D monolayers allows to perform imaging 
measurements next to the impedance recordings. A 
second type of 96-well plate allows to perform 
recordings of 3D cell ensembles. In this 3D setup, the 

cells are embedded in a 3D matrix that mimics a native 
ECM (extracellular matrix). 

Our aim with the newly developed platform is to 
elevate live cell analysis within e.g. preclinical risk 
assessment or drug development to a modern level 
through the scalable throughput, but also through the 
potential to access multiple information from in vitro 
2D or 3D cell cultures. 

The impedance of planar gold-film electrodes that are 
used as growth substrate for cells reveals changes in 
electrode coverage or cell behavior. Real-time 
impedance data provide insights into cellular adhesion, 
growth, proliferation, and death, so the system can be 
used to assess cytotoxicity over prolonged periods of 
time. Advanced information content is obtained by 
using multi- frequency impedance readouts (0.1 kHz – 
100 kHz). For example, high frequency impedance is 
highly sensitive to differences in cell-confluency, 
making it useful for measuring cell growth or 
proliferation rates and cytotoxicity, whereas low 
frequency impedance detects changes in the space 
under or between cells and therefore enables barrier 
function and cell adhesion quantification. 

We used A549 cell line which is a widely utilized 
epithelial lung adenocarcinoma cell line that was 
derived from a primary lung tumor. Effector cells co-
cultured in our here executed killing assay were 
purified human cytotoxic T- lymphocytes expressing 
CD8 (cluster of differentiation 8), a co-receptor for the 
T-cell receptor (TCR). In addition, we used B250 cell 
line which is an established 3D organoid pancreatic 
adenocarcinoma cell line that was derived from a 
primary pancreas tumor. We used Matrigel as a matrix 
and tested two different conditions. In the first 
condition, the cells were plated in Matrigel domes. In 
contrast to that we prepared a 10% Matrigel cell & 
90% medium mix as a second condition. 

We adopted an impedance sensing technology 
(CardioExcyte 96, Nanion) and implemented multiple 
data acquisition frequencies ranging from 0.1 kHz – 
100 kHz. Additionally, we scaled up the throughput 
from 1 x 96 wells to 6 x 96-wells system (AtlaZ). 
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Investigating A549 cells, we found that after approx. t = 
27 h the cytolysis of A549 cells gradually increases and 
reaches a maximum of 37%, 48%, 59% and 57% in the 
presence of the target to effector cell ratio 1:2, 1:1, 2:1 
and 3:1, respectively. Uninterrupted attachment and 
growth of A549 cells was observed in wells with only 
A549 cells. The Kill Time 50 values were calculated to 
investigate at what timepoint and which ratios of 
effector cells killed the cancer cells to 50%. We found 
that 50% of A549 cells were killed after approx. 13 h 
(E:T = 1:1) or 6 h (E:T = 2:1 and 3:1). 

Using the 3D B250 cell line we quantified the cell 
behaviour in Matrigel or the Matrigel:Medium mix. We 
investigated the development of the shape and 
proliferation of the cells over a time frame of 7 days. 
For that the base impedance was measured for 7 days 
every minute. Simultaneously, the CellTiter-Glo 
endpoint assay was performed at 5 time points during 
the experiment. Our impedance data showed 
comparable results to the benchmarking CellTiter-Glo 
data, proving impedance as a reliable but non-invasive 
tool. 

The platform developed here, AtlaZ, is a quantitative 
live-cell analysis system and allows for cellular research 
on cell adhesion and proliferation, cytotoxicity and cell 
viability, label-free and in real-time. Recordings can be 
performed in up to six 96-well plates simultaneously or 
independently. Electrical impedance spectroscopy in 
combination with the throughput allows for a so far 
unmet quantity and richness of information which can 
be gained from cells, through the potential to access 
multiple kinetic and phenotypic information from in 
vitro 2D or 3D cell cultures. 

1. Reiß, B. and Wegener, J. (2015). Impedance Analysis 
(..). IEEE Eng. Med. Biol. 7079-7082. 
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The global incidence of melanoma, the deadliest form 
of skin cancer, has risen rapidly since the mid-1950s. 
Although immune checkpoint therapy using the 
antagonistic Programmed Cell Death Protein (PD)-1 
antibodies nivolumab and pembrolizumab significantly 
improved the survival of melanoma patients with 
distant metastasis, prognosis remains poor. About 20% 
of γδ T cells express PD-1, making this numerically 
minor population of unconventional T cells a target of 
checkpoint blockade. Interest in γδ T cells is growing 
rapidly due to their diverse functions and involvement 
in tumor immunity, immunological disorders and 
infectious diseases. Unlike αβ T cells, γδ T cells are not 
HLA-restricted, and their ligands and mode of antigen-
recognition are not yet well characterized. The γδ T cell 
population encompasses heterogeneous subsets with 
various different functions ranging from cytotoxic 
activity and cytokine secretion to antigen presentation 
and induction of immunoglobulin class switching. 
While the Vδ2 subset dominates in the peripheral 
blood, Vδ1 and Vδ3 T cells are more prevalent in 
tissues. Tumor-infiltrating γδ T cells have been 
described in a variety of cancers and have been 
positively associated with survival in melanoma. In 
previous studies, we have shown that higher 
frequencies of Vδ1 T cells in the peripheral blood were 
associated with poor overall survival of metastatic 
melanoma patients. Our current investigations within 
the framework of the DFG FOR2799 consortium 
confirm this correlation in three cohorts encompassing 
186 patients. A high Vδ1 frequency is associated with a 
differentiation profile dominated by late-differentiated 
cells and higher frequencies of putatively replicative 
senescent Vδ1 T cells. Under immune checkpoint 
blockade we observed a decline in the frequency of 
this Vδ1 T cell subset and an increase in TRDV1 
repertoire diversity, suggesting an expansion of other 
Vδ1 T cell subsets. Functional studies revealed a 
reduced proliferative capacity of Vδ1 as well as Vδ2 T 
cells compared to healthy donors. TCR sequencing of 
peripheral blood mononuclear cells and corresponding 
tumor-infiltrating lymphocytes showed a clonal overlap 

between these compartments and significantly 
decreased frequencies of Vδ1 cells with low 
proliferative capacity within the tumor compartment. 
In order to study the tumor infiltration of γδ T cells in 
more detail, we performed immunohistochemical 
staining of formalin-fixed paraffin-embedded tissue 
from metastases of late stage melanoma patients 
before the start of checkpoint blockade. The majority 
of studied metastases showed γδ T cell infiltration, 
albeit at low numbers per area. Taken together, our 
data indicate a phenotypic and functional alteration of 
γδ T cells in late stage melanoma patients and a 
possible contribution of γδ T cells to melanoma 
immunosurveillance. Currently we are establishing a 
high dimensional in situ proteomics imaging approach 
in order to gain a deeper insight into the subset 
distribution, marker expression and spatial distribution 
of γδ T cells in the tumor microenvironment. 
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Alterations in metabolic pathways and reprogramming 
is one of the major features of solid tumours and their 
development. Targeting these dependencies of specific 
cascades as such metabolic vulnerabilities has become 
a relevant therapeutic approach. However due to the 
high level of adaptability of cancer cells and 
compensatory pathways, this is often very challenging, 
and only a limited number of tumours respond to this 
approach. A plausible strategy is modulation of 
pathways to accumulate possible toxic metabolites of 
the cancer cell. In this context, our group has shown 
that activation of fatty acid synthesis combined with 
inhibition of fatty acids desaturation in hepatocellular 
carcinoma (HCC) leads to lipotoxicity and 
consequential apoptosis of the cancer cell. This 
therapeutic strategy seems to be efficient in liver 
tumours with multiple genetic and metabolic natures. 
Due to its role in cholesterol homeostasis, liver-X 
nuclear receptors (LXR) are relevant targets of this 
tactic. Although mostly targeted by their antagonist 
effects relating to atherosclerosis, LXR agonists in HCC 
treatment are, on the other hand, beneficial as it 
induces high hepatic levels of fat acids. Therefore, 
these proteins can be modulated for their lipogenic 
effects. On a primary effort to comprehend the 
structural features of LXR and possible requirements 
for ligands, we performed several Molecular Dynamics 
studies with known agonists and antagonists of LXR"s 
isoform, α and beta. For the proposed therapy, α-
agonistic selectivity is preferred since this isoform is 
manly expressed in the liver. With such features in 
minds, a set of in-house ligands were rationally 
designed and prepared, leading to good potency on 
biochemical assays. Careful analysis of the all-atom 
classical Molecular Dynamics Simulations (total of 80 
us) revealed stabilization of the active form of LXRα 
with the ligands. It has been suggested that the 
lipogenic effect of LXR ligands is related to the 

stabilization of LXRα helix-12 (AF-2) in an active state. 
Therefore, further work and analysis is being caried out 
to obtain α-selectivity and increase potency, ultimately 
achieving desired lipogenic effect. 
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The DNA damage repair (DDR) is one of the broadest 
and most complex cellular responses on external 
stimuli. In the case of DNA double strand breaks (DSB), 
a very important upstream signaling agent is ataxia-
telangiectasia mutated (ATM) kinase, which directly 
binds to damaged DNA and plays a key role in the 
initiation and control of the downstream processes 
including cell cycle checkpoints, activation of 
senescence pathways and prevention of mitotic 
catastrophe. [1],[2] 

Due to these critical functions, ATM is considered to be 
a promising target for the development of novel 
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therapeutic strategies in the treatment of 
malignancies, where pharmacological inhibition of 
ATM can be exploited for the sensibilization of cancer 
cells towards DSB inducing agents. [3] 

We utilized the early clinical candidate AZD0156 from 
AstraZeneca as a starting point to initiate our own 
development program and used a combination of in 
silico methods and rational design for the generation of 
novel small molecule ATM inhibitors. The lack of 
sufficient structural data for ATM was overcome by 
establishing a promising homology model for the ATP 
binding pocket of the atypical kinase and led to the 
identification of potential interactions between urea 
based inhibitors and the characteristic Aspartate-rich 
region of ATM. 

A highly flexible and convergent synthetic route based 
on a terminal Suzuki coupling as key transformation 
allowed the rapid generation of new inhibitors and the 
establishment of comprehensive structure activity 
relationships via iterative modification of the different 
molecule parts. More than 100 compounds were 
synthesized and evaluated in several enzymatic and 
cellular assays on their ability to inhibit ATM. Promising 
compounds were further characterized in broader 
selectivity and early DMPK properties and we were 
able to identify two lead compounds with 
subnanomolar cellular potency, high kinome selectivity 
and favorable metabolic stability. [4] 

[1] Matsuoka, S. et al.: Science 2007, 316: 1160-1166 

[2] Shiloh, Y and Ziv, Y.: Nat Rev Mol Cell Biol 2013, 14: 
197-210 

[3] Weber, A.M. and Ryan, A.J.: Pharmacol. Ther. 2015, 
149: 124-138 

[4] Dimitrov, T. et al., Eur. J. Med. Chem. 2022, 235: 
114234 
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Question 

Cancer immunotherapy is an emerging treatment for 
melanoma, but long-term remission is limited to 
patient subsets. The main effector cells mediating 
tumor eradication are cytotoxic T lymphocytes (CTL) 
but single contacts between CTL and tumor cells often 
result only in sublethal damage that is rapidly repaired 
by the melanoma cell. We here show that external 
application of heat in the fever-range enhances 
immune effector function by limiting tumor cell repair 
capacity. Using a 3D cytotoxicity assay and live cell 
imaging, we observed increased CTL-mediated killing of 
melanoma cells accompanied by enlarged, 
multinucleated cells as well as an accumulation of DNA 
repair foci in the surviving tumor cell population. We 
hypothesize that immuno-thermal therapy induces 
melanoma cell senescence and may provide a 
therapeutic window to target surviving cancer cells 
with senolytic strategies. 

Method  

Using live-cell microscopy and optical reporter, we 
monitored killing and DNA double-strand breaks 
induced by sublethal contacts between OVA-specific 
OTI CTL and B16F10/OVA as well as YUMM5.2/OVA 
melanoma cells in 3D cocultures at different 
temperatures. Applying a fix-while filming approach, 
cell morphology, senescence-associated β-
galactosidase and marker expression were analyzed in 
surviving tumor cells in relation to their history of 



 

114 

dynamic OT1 interactions. To evaluate the efficacy of 
immuno-thermal therapy in the context of the tumor 
microenvironment, we used intravital multiphoton 
microscopy for longitudinal monitoring of CTL effector 
function and tumor cell response. Following 
intradermal tumor injection and adoptive CTL transfer, 
we applied whole-body hyperthermia of 39 °C for 1h 
and repeated the treatment every other day for one 
week. 

Result 

In single interactions, CTL-mediated damage was 
mostly sublethal and followed by recovery of 
melanoma cells. Treatment with 39 °C, significantly 
increased tumor apoptosis rates and correlated with 
stabilized CTL-tumor cell contacts and impaired 
recovery from CTL-mediated damage. In melanoma 
cells which recovered from CTL attack under 
hyperthermia, we observed an accumulation of DNA 
damage repair foci and a senescence-like phenotype 
characterized by enlarged, multinucleated cells. The 
aggregation of DNA repair foci after immuno-thermal 
therapy in target cells indicates impaired ability to 
recover from CTL-mediated damage. Analysis of 
senescence-marker expression in the surviving cell 
population revealed upregulation of senescence-
associated β-galactosidase activity and increased 
expression of p16, p21 and γH2AX. The immune-
mediated cell cycle arrest under hyperthermia was 
confirmed in vivo, with a complete inhibition of mitotic 
events for 24h following the first 1h treatment. The 
growth-arrest was not observed in mice treated with 
hyperthermia alone, indicating a therapeutic window 
for combining thermal with immunotherapy. 

Conclusion 

Dynamic imaging of CTL function in vitro and in vivo by 
intravital microscopy revealed enhanced CTL killing 
capacity and impaired recovery from CTL-mediated 
DNA damage in melanoma cells during immuno-
thermal therapy. Surviving but damaged melanoma 
cells were shown to enter a growth arrest with 
senescence-associated phenotype and marker 

expression, suggesting combining immuno-thermal 
therapy with senolytics. 
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Due to obesity and associated metabolic syndrome, 
liver diseases, particularly non-alcoholic fatty liver 
disease, are becoming more and more prevalent 
throughout the population, especially in industrialized 
countries[1]. Wüstefeld et al. showed with RNA-
silencing experiments that a knockdown of MKK4 leads 
to increased hepatocyte regeneration, lower 
vulnerability against Fas-induced apoptosis and 
reduced fibrosis of damaged livers[2]. Based on these 
findings, MKK4 was considered a promising drug target 
to treat various diseases of the liver by strengthening 
its endogenous regenerative ability with drugs 
inhibiting MKK4. The objective of this study was to 
design potent small molecule MKK4 inhibitors with 
reasonable selectivity against unwanted off-targets 
such as JNK1 (c-Jun N-terminal Kinase 1) and MKK7[3]. 

As starting point, we chose a scaffold derived from the 
FDA-approved BRAFV600E (v-Raf murine sarcoma viral 
oncogene homolog B1) inhibitor Vemurafenib, which 
showed off-target activity on MKK4. While following a 
target-hopping approach onto MKK4, we were able to 
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perform extensive SAR-studies on the given scaffold via 
iterative, multi-parameter optimization. 

We were able to specify the structural moieties, driving 
affinity and selectivity within the 1H-pyrrolo[2,3-
b]pyridine scaffold, and generated a large set of highly 
potent and selective inhibitors with high affinity 
towards MKK4 and an excellent selectivity against the 
main off-targets[3]. 

The findings of this work could be used in further 
efforts to investigate MKK4 as a potential drug target. 

[1] Anstee, Q. M.; Reeves, H. L.; Kotsiliti, E.; Govaere, 
O.; Heikenwalder, M. Nature Reviews Gastroenterology 
& Hepatology 2019, 16 (7), 411-428. 

[2] Wuestefeld, T.; Pesic, M.; Rudalska, R.; Dauch, D.; 
Longerich, T.; Kang, T.-W.; Yevsa, T.; Heinzmann, F.; 
Hoenicke, L.; Hohmeyer, A.; et al. Cell 2013, 153 (2), 
389-401. 

[3] Klövekorn, P.; Pfaffenrot, B.; Juchum, M.; Selig, R.; 
Albrecht, W.; Zender, L.; Laufer, S. A. European Journal 
of Medicinal Chemistry 2021, 210, 112963. 
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The mitogen activated protein kinase kinase 4 (MKK4) 
has been identified as a major regulator of liver cell 
regeneration and has recently gained interest as a 
druggable target for liver failure.1 Inhibtors of MKK4 
could serve as novel medication for multiple liver 
associated diseases, by promoting liver regeneration 
and reducing hepatocyte apoptosis.1 However, to this 
date, only a small number of potent inhibitors with 
adequate and robust selectivity profile towards 
relevant off-targets are known.1 

Among these known inhibitors, selectivity is highly 
sensitive towards minor modifications, which is due to 
the mostly dual role of each modification as it drives 
potency and selectivity simultaneously, often in a 
counteracting way.2,3 

In the course of our studies, we identified α-carbolines 
as a new promising scaffold for MKK4 inhibition. 

This new scaffold showed a remarkable and robust 
intrinsic selectivity towards the chosen off-targets, 
without affecting potency towards MKK4 on a broad 
range of structural modifications. 4 
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This new class of MKK4 inhibitors is the first known 
class which is driving selectivity through it´s core 
structure, offering an important new toolbox for 
further research on MKK4.4 
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Introduction 

The Checkpoint kinase 2 (CHK2 or CHEK2) is a 
downstream kinase of the ataxia-telangiectasia 
mutated (ATM) kinase and thus a key component in 
the nuclear DNA damage response (DDR).[1] Initiated 
by DNA double-strand breaks (DSB), CHK2 is activated 
by ATM via phosphorylation to form a homodimer 
which auto-phosphorylates and subsequently activates 
the downstream effectors of the checkpoint 
pathways.[1,2] Amongst others, CHK2 induces the 
homologous recombination (HR) pathway via BRCA1 
(breast cancer type 1 susceptibility protein). Generally, 
effects promoted by CHK2 include DSB repair, 

checkpoint activation leading to cell cycle arrest, p53-
dependent apoptosis, and senescence regulation.[3] 

Its multilayered role in the DDR suggests CHK2 as a 
potential drug target. In cells with a functional p53 
signaling, specific inhibition of CHK2 may confer 
protection against apoptosis induced by ionizing 
irradiation and improve the therapeutic index of DNA 
damaging agents. On the other hand, it has been 
hypothesized that CHK2 inhibition sensitizes p53-
deficient tumors towards DNA damaging agents.[5] 
More recently, it has been shown that CHK2 inhibition 
potentiates the efficacy of poly (ADP-ribose) 
polymerase (PARP) inhibitors in a variety of p53-
deficient cancer cell lines.[6] Moreover, there is 
evidence that CHK2 activity contributes to the 
development of drug resistance.[7] However, the 
therapeutic potential of CHK2 inhibitors is not yet fully 
clear and studies have been limited by the lack of high-
quality chemical probes capable of durably suppressing 
CHK2 activity in vivo with a high selectivity. Therefore, 
we set out to develop targeted covalent inhibitors 
(TCIs) against CHK2. 

TCIs are rationally designed molecules addressing one 
or several specific targets. They form a covalent bond 
with a poorly conserved nucleophilic amino acid which 
is nearby or inside a functionally relevant binding site 
by means of an electrophilic functionality, the so-called 
"warhead". The TCI approach offers a couple of 
benefits such as high potency and selectivity, limited 
competition with natural ligands and sustained target 
occupancy.[8] This may lead to lower effective doses, 
reducing therapy-limiting adverse effects which may be 
beneficial especially when using drug combinations.[9] 

Objective 

With the aim of discovering selective CHK2 inhibitors 
with a covalent mode-of-action, we designed TCIs 
derived from the reversibly-binding compound 
CCT241553 described Caldwell et al.[6]. This molecule 
is based on a 2-(quinazolin-2-yl)phenol core forming a 
planar, pseudo-tetracyclic arrangement to interact 
with CHK2-Met304 in the so-called hinge region. As 
irreversibly binding warheads, an acrylamide and 
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related moieties were to be connected through a 
benzylic linker with the pyrrolidine side chain. Based on 
molecular modeling studies, these warheads were 
predicted to form a covalent bond with a cysteine 
(Cys231) located in the glycine-rich loop (P-loop) of the 
ATP-binding pocket. An analogous cysteine is only 
present in three other protein kinases and has not 
been addressed previously. 

Method 

We designed potential covalent CHK2 inhibitors and 
developed a chemical synthesis to access these 
compounds as well as the corresponding non-reactive 
controls. Half maximal inhibitory concentrations (IC50) 
were then determined in a radiometric kinase assay. 
Promising compounds were further subjected to 
kinome selectivity screening using a thermal shift assay 
(TSA) and a binding displacement assay. In vitro 
metabolism was assessed in human liver microsomes 
by LC-MS. Further profiling in cellular assays is 
currently ongoing. 

Result 

We synthesized compounds with different core 
scaffolds and covalent warheads. For chiral derivatives, 
both racemic mixtures and the stereochemically pure 
compounds were prepared. The most active 
compounds hit CHK2 with apparent IC50 values in a 
nanomolar and sub-nanomolar range being among the 
most potent CHK2 inhibitors known to date. An up to 
hundred-fold loss in potency of the unreactive control 
compounds strongly supports the covalent mode-of-
action. Key compounds showed promising selectivity 
over other kinases with a reactive cysteine in proximal 
positions and acceptable microsomal stability. 

Conclusion 

We were able to design and synthesize highly potent 
CHK2 inhibitors with a covalent mode-of-action. The 
compounds may provide a basis for the detailed 
pharmacological investigation of CHK2 as a drug target. 
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2 million deaths per year are caused by liver diseases 
worldwide. Liver cirrhosis ranks 11th and liver cancer 
16th among the worldwide causes of death. Together, 
they account for 3.5% of global deaths [1]. Currently, 
the therapeutic options of liver failure are very limited. 

Wuestefeld et al. discovered mitogen-activated protein 
kinase kinase 4 (MKK4) as a key enzyme in liver 
regeneration. The knockdown of MKK4 through shRNA 
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in an in vivo RNAi screen resulted in faster cell-cycle 
entry and progression of hepatocytes during liver 
regeneration [2]. Therefore, MKK4 is considered a 
promising drug target in the development of small 
molecule inhibitors. 

In an initial screening we identified the FDA-approved 
BRAFV600E inhibitor Vemurafenib as potential scaffold 
for targeting MKK4 due to its MKK4 off-target activity. 
The series of inhibitors we have designed in our study 
used a scaffold-hopping approach by switching the 
core structure from 1H-pyrrolo[2,3-b]pyridine to 1H-
pyrazolo[2,3-b]pyridine. With this new core structure a 
broad series of inhibitors was designed. Modifications 
addressing different regions of the binding pocket gave 
deep insights into the structure activity relationship. A 
combination of modifications, elaborated in our SAR 
studies, lead to highly potent and selective inhibitors 
[3]. 

This series of inhibitors lead to the first 1H-
pyrazolo[2,3-b]pyridine-based MKK4 inhibitors, having 
a selectivity profile with a potency in the low one-digit 
nanomolar range. 

1. Asrani, S.K., et al., Burden of liver diseases in 
the world. J Hepatol, 2019. 70(1): p. 151-171. 

2. Wuestefeld, T., et al., A Direct in vivo RNAi 
screen identifies MKK4 as a key regulator of 
liver regeneration. Cell, 2013. 153(2): p. 389-
401.. 

3. Pfaffenrot, B., et al., Design and synthesis of 
1H-pyrazolo[3,4-b]pyridines targeting mitogen-
activated protein kinase kinase 4 (MKK4) - A 
promising target for liver regeneration. Eur J 
Med Chem, 2021. 218: p. 113371. 
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Objective 

CD4+ T cells play a crucial role in the development and 
regulation of autoimmune diseases and cancer. 
Increasing evidence suggests the relevance of CD4+ T 
cells as a biomarker for disease classification and for 
monitoring the response to various immunotherapies. 
However, there is no established diagnostic procedure 
to routinely determine CD4+ T cell content in diseased 
tissue. A repetitively applicable non-invasive detection 
of CD4+ T cells throughout the entire body would allow 
to follow the therapeutic response and provide clinical 
guidance to personalized treatments. The aim of this 
study was to develop a Nanobody (Nb)-based 
radiotracer to detect CD4+ T cells in vivo by PET 
imaging and evaluate its applicability to visualize and 
differentiate minimal changes in the CD4+ immune 
infiltrate during cancer immunotherapy and in 
inflamed tissue. 
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Method 

To generate novel nanobodies that specifically 
recognize human CD4+ T cells, we immunized an 
alpaca with human CD4. The produced nanobodies 
were analyzed for their binding properties, including 
affinity and recognized epitopes. We further examined 
potential effects on T-cell proliferation, activation, and 
cytokine release. The αCD4-Nb lead candidate was 
converted into an immune tracer for non-invasive PET 
imaging by conjugation of the chelator NODAGA and 
radio labeling with 64Cu. 64Cu-αCD4-Nb was 
administered intravenously in two orthotopic cancer 
models and a cutaneous Delayed-Type-
Hypersensitivity-Reaction (cDTHR) model. In the first 
approach, PyMT breast cancer and B16 melanoma cells 
were implanted in C57BL/6J human-CD4 knock-in 
(hCD4KI) or wild-type (WT) mice. A subgroup of 
animals was additionally treated with therapeutic 
αPD1/α41BB antibodies. To induce cDTHR, hCD4KI 
mice were sensitized at the abdomen and repetitively 
challenged at the right ear with trinitrochlorobenzene 
(TNCB), while the left ear served as control. 64Cu-
αCD4-Nb PET/MRI was conducted 7 days after 
antibody treatment, and 24 h after the 5th TNCB-ear 
challenge, respectively, and organs of interest were 
harvested for ex vivo biodistribution, 
immunohistochemistry or mass cytometry (CyTOF) 
analyses immediately after the last imaging time-point. 

Result 

We generated a high-affinity αCD4-Nb that did not 
interfere with crucial T-cell processes in vitro. Dynamic 
64Cu-αCD4-Nb PET/MRI of PyMT tumors over 6 h 
revealed the best differentiation between hCD4KI and 
WT mice at 1.5 h and 3 h imaging time-point post 
tracer injection. In line with ex vivo analyses of 
intratumoral CD4+ cell densities, αPD1/α41BB-treated 
PyMT tumors of hCD4KI mice showed significantly 
higher 64Cu-αCD4-Nb uptake (0.46±0.01 %ID/ml) 
compared to untreated littermates (0.30±0.03 %ID/ml) 
and PyMT tumors of WT mice (0.21±0.02 %ID/ml). In 
contrast, B16 tumors with histologically almost absent 
CD4+ cell infiltrates yielded an uptake of 0.23±0.02 
%ID/ml similar to WT mice. In the cDTHR model, the 

64Cu-αCD4-Nb uptake in the inflamed ears was 3-fold 
higher compared to control ears. Importantly, a control 
Nb tracer did not reveal such differences in the 
inflamed and non-inflamed ears, excluding relevant 
non-specific perfusion effects. Immunohistochemistry 
revealed a low score of CD4+ cells in the inflamed 
tissues being detectable by our extremely sensitive 
PET/MRI approach. 

Conclusion  

Due to the important role of CD4+ cells in health and 
disease, precise non-invasive imaging approaches to 
visualize and monitor CD4+ cells in vivo are urgently 
needed. Our newly developed 64Cu-αCD4-Nb PET 
tracer is able to detect small amounts of CD4+-cell 
infiltrates in both cancer and cDTHR models, pointing 
out its potential to be used as a versatile probe for a 
broad range of T-cell-associated diseases. 
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Introduction 

One of the leading types of cancer worldwide is 
hepatocellular carcinoma (HCC) with a high rate of 
mortality. As well, one of the most promising strategies 
for HCC treatment is to differentiate earlier and more 
advanced stages of HCC preferably in-vivo. The 
quantification of expression patterns of 
asialoglycoprotein receptor (ASGPR) in earlier and later 
stages of HCC has revealed less receptor expression 
while the disease is more advanced ex-vivo [1]. The 
ASGPR has a high affinity to galactosylated proteins 
and is expressed on the surface of mammalian 
hepatocytes. Using specific receptors to measure 
regional hepatic function is a great asset to monitor 
the stage of HCC and treat patients suffering from it 
[2]. Therefore, here we aimed to study the use of 
radiolabeled galactosyl human serum albumin (GSA) to 
quantify hepatic functional reserve. Therefore, a 
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synthesis of [18F]AlF-RESCA-GSA was established, 
followed by in-vivo studies. 

Method 

To synthesize GSA, 100 equivalents of 2-imino-2-
methoxymethyl-1-thio-β-D-galactopyranoside were 
coupled to human serum albumin to target an average 
of 24 galactose moieties per molecule. Then the 
protein was conjugated with the restrained complexing 
agent (RESCA) chelator and subsequently labeled with 
[18F]AlF at room temperature. The labeled GSA was 
purified using desalting spin columns and analyzed for 
radiochemical purity and identity by TLC and HPLC. For 
in vivo evaluation, C57BL/6 male mice were injected 
with either 1.5, 1, 0.5, or 0.1 MBq for dynamic 1h-PET 
measurements then the mice were transferred to an 
MRI scanner, immediately followed by ex-vivo 
biodistribution analysis. ROIs were drawn on the MRI 
covering the liver, kidneys, heart, and muscle and 
transferred to PET data for analysis of the time activity 
curves. 

Result 

The incubation of the RESCA-GSA conjugate with 
[18F]AlF for 12 min gave the desired radiotracer in a 
radiochemical yield of 5.5%. The TACs analysis after 
applying different amounts of [18F]AlF-RESCA-GSA 
suggested that the lower amount of tracer (less than 
0.5 MBq/mouse) reached higher uptake in the liver for 
PET measurements. In addition, further PET analysis 
showed that the entire liver has a very fast 
accumulation of the tracer with low background 
activity in the remaining organs. As well, the liver 
showed a strong initial uptake of the tracer within the 
first 10-15 minutes, peaking after 25 minutes, followed 
by a slow tracer washout. The TACs of the heart 
showed a reduction of tracer in the blood pool of 50% 
after ~5 minutes. The biodistribution confirmed the in-
vivo results, showing a strong uptake in liver tissue ~25 
%ID/g, while all the other organs showed less than 5 
%ID/g tissue. Additionally, the biodistribution of 
different lobes of the healthy liver suggested 
approximately equal tracer uptake. 

Conclusion 

Our preliminary in-vivo data suggests that tracer 
uptake is specific to the liver. Therefore, we 
hypothesize, along with the literature, that [18F]AlF-
RESCA-GSA uptake quantifies functional liver reserve, 
even though dynamics appear to be modified 
compared to previously published tracers [2]. 
Therefore, healthy and liver diseased mice will be 
studied using [18F]AlF-RESCA-GSA to elucidate the 
tracer"s action in functionally impaired livers. 

  

1. Shi, B., M. Abrams, and L. Sepp-Lorenzino, 
Expression of asialoglycoprotein receptor 1 in 
human hepatocellular carcinoma. Journal of 
Histochemistry & Cytochemistry, 2013. 61(12): 
p. 901-909. 

2. Haubner, R., et al., [(68)Ga]NOTA-Galactosyl 
Human Serum Albumin: a Tracer for Liver 
Function Imaging with Improved Stability. Mol 
Imaging Biol, 2017. 19(5): p. 723-730. 
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Objective 

Innovative drug developments like small molecules 
have enriched the therapeutic armamentarium in AML. 
However, they are unlikely to be curative. Since relapse 
of AML is considered to originate from AML Leukemia 
Stem (AML-LSCs) or progenitor cells persisting after 
chemotherapy, new therapeutic approaches with 
improved targeting of AML-LSCs, leading to deeper and 
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longer-lasting remissions, are urgently needed. The 
new trispecific immunotherapeutic agent SPM-2 was 
deliberately designed for this purpose. SPM-2 carries 
single-chain variable fragments for dual-targeting of 
CD33 and CD123 on target cells and CD16 on effector 
cells. Since the combined surface density of CD33 and 
CD123 is far greater on AML-LSCs than on non-
malignant hematopoietic stem cells, SPM-2 seems to 
be a promising drug. Here, we analyze the specific lytic 
capacity of SPM-2 using different NK cell preparations 
against MOLM-13 and pediatric AML blasts. 

Method 

ADCC mediated by SPM-2 was assessed in calcein 
release assays. Targets (T): a) calcein-labeled MOLM-
13; b) blasts from pediatric AML patients. Effectors (E): 
a) Patients' PBMCs; b) expanded NK (eNK) cells, 
generated by stimulation of PBMCs from healthy 
donors with IL-2 (50-100U/ml) and irradiated feeder 
cells (K562-mbIL15-4-1BBL); c) two preparations of 
cytokine-induced memory-like (CIML) NK cells (CD3-
depleted/CD56-enriched). Expression of CD25, CD69, 
NKG2D (effectors) and of CD33/CD123 (targets) was 
determined by flow cytometry. 

Result 

We evaluated the capacity of different effectors to lyse 
tumor cells in concert with SPM-2. SPM-2-mediated 
specific lysis of MOLM-13 using eNKs was 
concentration-dependent, plateauing at 40% (E:T 10:1; 
EC50: 17,24pM). eNKs also efficiently lysed (range:15-
30%) CD33+CD123+ blasts in the presence of SPM-2 
(500pM); lysis was further enhanced by higher doses 
(10000pM) of SPM-2. Using patients' PBMCs (E:T 30-
40:1), specific lysis elicited by SPM-2 (500pM) against 
MOLM-13 ranged from 30-40%. 

Generating potent effectors without the need for 
feeder cells is a prerequisite for potential adoptive 
transfers. Therefore, different cytokine combinations 
were used to produce CIML-NKs: CIMLs stimulated for 
16h with IL-12/15/18 (10/50/50ng/ml) ("triples"); 
CIMLs stimulated with IL-15 high (10ng/ml) and 
boosted with IL-21 (25ng/ml) on days 9-12 ("boosts"); 

NKs stimulated with high or low dose IL-15 (10 or 
1ng/ml) ("controls")."Triples" displayed high natural 
cytotoxicity (55-70%) only slightly increased by SPM-2 
(70-75%). In contrast, "controls" showed low natural 
cytotoxicity (3-25%) while specific lysis was 
substantially enhanced by SPM-2 (60-80%) (500pM; E:T 
10:1). "Boosts" not uniformly showing higher natural 
cytotoxicity than their non-boosted counterparts 
displayed no higher ADCC compared to non-boosted 
controls (d+12; SPM-2 500pM). CD25 and CD69 were 
increased in all three preparations (16h), with the 
highest co-expression (almost 100%) on "triples". 

Conclusion 

SPM-2 elicits profound lysis of tumor cells in the 
presence of patients' PBMCs, even without additional 
NK cell transfer. However, SPM-2-mediated specific 
lysis was drastically increased using mono-stimulated 
(IL-15) NK cells. Hence, SPM-2 seems to be a potent 
new agent in the treatment of AML and deserves 
clinical development. 
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Deregulation of RNA Polymerase II (RNAPII) by 
oncogenic signaling leads to collisions of RNAPII with 
DNA replication forks (transcription-replication 
conflicts, TRCs). TRCs may result in DNA damage and 
are thought to underlie genomic instability in tumor 
cells. We provide evidence that elongating RNAPII 
nucleates activation of the ATM kinase at TRCs to 
stimulate DNA repair. This process is instrumental in 
response to drug-induced replication stress. The 
ubiquitin ligase HUWE1 coordinates transcription and 
replication to prevent conflicts and thereby renders 
cancer cells more resistant to replication stress and 
genotoxins. We identify effector proteins mediating 
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the HUWE1 dependent maintenance of genome 
integrity and its positive effect on tumor cell 
proliferation. HUWE1 effectors contribute to the 
stabilization of TRCs and thereby prevent replication 
fork collapse that would give rise to DNA double strand 
breaks. Hence, TRCs can provide a controlled 
mechanism for stalling of replication forks and ATM 
activation, while inactivation of HUWE1 sensitizes cells 
to ATM inhibition and may therefore serve as a 
potential drug target for combinatorial, antineoplastic 
therapies. 
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Question 

The Ataxia telangiectasia and Rad3 related (ATR) kinase 
plays a distinctive role in cellular response to DNA 
double strand breaks and therefore belongs to the DDR 
(desoxyribonucleic acid damage repair) pathways. 
Mutations in the ATR pathway leading to loss of 
function are rarely observed in tumor cells, whereas 
the ATM gene is comparatively frequently mutated in 
various tumor types (Gaillard et al, 2015; Choi et al, 
2016). A mutation-induced inactivation of the ATM 
kinase leads to increased dependence on ATR 
signaling, and combined/simultaneous inactivation of 
ATM and ATR leads to the phenomenon known as 
synthetic tumor cell lethality. A growing body of 
evidence suggests that combined inhibition of the DDR 
pathway and the PD-1/PD-L1 pathway can enhance 
numerous antitumoral responses in a synergistic 
manner. Accordingly, current phase I trials often 
investigate the combined usage of ATR inhibitors 
(ATRi) and immune checkpoint inhibitors (ICIs). In this 
context, often any prior usage of ATRi or 
immunotherapies is not allowed. In this prospective 
study, we investigated (i) the frequency of genetic 
alterations in the DDR pathway in the cases recently 
presented at the Molecular Tumor Board Tübingen 

(MTB-TUE) as well as (ii) the patient recruitment in 
phase I trials employing ATRi. 

Method 

Over a time span of ten months all sessions of the 
MTB-TUE were monitored for tumor patients 
specifically exhibiting genetic alterations in the DDR 
pathway. Furthermore, data on clinical cohort 
characteristics as well as on recommended and 
performed treatment regimen were gathered. A 
special look was taken on the question whether DDR-
deficient tumor patients did qualify for clinical studies 
employing ATRi. 

Result 

A cohort of 617 tumor patients with a median age of 
62 years, being discussed in 40 sessions of the MTB-
TUE, was identified to be available for analysis. 46.5% 
of these patients revealed a genetic alteration in DDR-
assigned genes. When looking on the contributions of 
different tumor entities to these DDR-deficiencies, CNS 
tumors were found to be the most frequent (26.2%), 
followed by cancers of the gastrointestinal tract 
(25.9%) and skin cancer (19.6%). Among all tumor 
patients, alterations in DDR relevant genes such as 
CHEK2 (18.8%), BRCA2 (18.6%) and ATM (16.5%) were 
found frequently. Of note, none of our pre-screened 
tumor patients could be enrolled into a recent phase I 
ATRi trial simply due to the fact that strict exclusion 
criteria were predetermined. Beyond that many cancer 
types were not included within the spectrum of the 
respective ATRi trial. 

Conclusion 

Personalized oncology opens up a plentiful of novel 
molecular based / targeted treatment options for 
patients with advanced solid tumor diseases. ATR 
inhibitors are promising therapeutics for patients 
exhibiting alterations in the DDR pathway. However, 
due to strict exclusion criteria it was not possible to 
recruit any of the DDR-deficient tumor patients into a 
recent phase I ATRi trial. Thus, study recruitment can 
be heavily affected by the respective study design. As 
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soon as ATR inhibitors will be licensed, study-related 
criteria will not be any longer an obstacle for this 
medication. 
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How the human immune system interacts with a tumor 
before diagnosis is almost entirely unknown.  Here we 
analyzed a longitudinal cohort of 133 healthy 
individuals (from 18 to over 90 years old), 28 of whom 
developed cancers over nine years.  We found that a 
large group of cytokines surges 2-3 years before a 
cancer diagnosis, but not with other conditions (such 
as inflammatory or cardiovascular diseases).  And these 
cytokine surges precede a cancer diagnosis only in 
those 80 years or older.  In the The Cancer Genome 
Atlas (TCGA) we found that from 1,741 tissues across 8 
types of cancers, elderly individuals elevate the 
transcription of a broad set of cytokines (including 
IFNG, IL1B, IL15 and others). Defects in cellular 
senescence (TP53 or CDKN2A/p16 mutations) sensitize 
the cells for the inflammation associated with 
advanced aging.  Advanced aging elevates IRF1, a p53 
and p16-independent transcription factor for apoptosis 
and inflammation.  The rise of cytokine transcription in 

early-stage cancer tissues thresholds at the age of 80 
years, similar to our serum findings.   Noticeably, the 
cancer incidence rate decreases after 80 years old in 
the population. 
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Girdin and Daple are guanine nucleotide exchange 
factors (GEFs) involved in important pathways like non-
canonical G protein, Wnt or PI3K-AKT signaling. 
Expression of these GEFs associates with a worse 
prognosis in several cancers. However, the role of 
Girdin and Daple in melanoma cancer remains unclear. 
This project aims to study the expression pattern and 
modifications of Girdin and Daple in different 
melanoma stages. We will focus on clinically relevant 
variants and their role in the oncogenic signaling 
pathways. Our final goal is to characterize relevant 
mutations promoting therapy resistance and the 
capacity of Girdin and Daple to be used as prognostic 
marker in melanoma cancer. 

Supervisor and Institution: Prof. Dr. rer. nat. Birgit 
Schittek. Department of Dermatology, Division of 
Dermatooncology. Dermatology Hospital, Tübingen 
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Question 

The clinical implementation of chimeric antigen 
receptor (CAR) T cell therapy significantly improved the 
treatment of B-phenotypic hematologic malignancies, 
inducing complete remission in a large proportion of 
patients. Despite these successes, resistance to 
therapy by specific selection or induction of target 
antigen low and negative malignant subpopulations 
represents an emerging clinical need. To address this 
limitation, we have developed the AdCAR-T platform 
(Seitz et al., 2021). The AdCAR technology is based on a 
split recognition/activation design, in which effector 
cells are redirected to surface expressed antigens via 
biotin-conjugated adapter molecules (AMs), allowing 
qualitative and temporal control of CAR-T function for 
improved safety (on/off switch) and efficacy (pulsed 
dosing) as well as combinatorial targeting. In the 
present study we have aimed to study the feasibility to 
prevent or address antigen escape by simultaneous 
pan-B cell targeting by AdCAR-T utilizing clinically 
available monoclonal antibodies (mAbs) against CD19, 
CD20 and CD38 as AMs. 

Method 

For this feasibility study, CD19, CD20 and CD38 were 
chosen as target antigens due to their broad 
expression on B-phenotypic malignancies and clinical 

use. To generate AMs, we applied the clinically 
approved mAbs, rituximab (aCD20) and daratumumab 
(aCD38) as well as 4G7 (aCD19) for biotin conjugation. 
Target-specific activity to activate AdCAR-T and 
mediate target cell lysis was determined by luciferase 
and flow-based cytotoxicity assays in vitro as well as 
xenograft non-Hodgkin"s lymphoma (NHL) models 
(Raji) in vivo. Moreover, CRISPR/Cas9 mediated 
knockout variants were generated to systematically 
study multiplex targeting in vitro and in vivo.  

Result 

In vitro evaluation demonstrated highly specific, dose 
and target antigen dependent activity of all three AMs 
against NHL and Acute lymphocytic leukemia (ALL) cell 
lines. Co-culture experiments of AdCAR-T with a mix of 
WT, CD19, CD20 or CD38 knock out cells in the 
presence of individual AMs revealed highly selective 
depletion of target positive cells while sparing target 
negative populations. Importantly the combination of 
all three AMs led to the complete elimination of all 
target cells. Next, we evaluated combinatorial 
targeting strategies in vivo. NSG mice were engrafted 
with equal amounts of WT, CD19, CD20 or CD38 knock 
out Raji cells. As expected, mono-targeting with either 
aCD19-AM, aCD20-AM or aCD38-AM resulted in rapid 
disease progression and only minimal survival benefit 
in comparison to controls. Strikingly, simultaneous 
combinatorial targeting lead to complete and 
sustained clearance of disease. Interestingly, we found 
Daratumumab-AM mediated fratricide in CD38 positive 
AdCAR-T populations not significantly reducing overall 
performance. 

Conclusion 

In conclusion, this proof of concept study convincingly 
demonstrates the feasibility to utilize clinically 
available mAbs as AMs to redirect AdCAR-T to B-
phenotypic tumor cells. Further we were able to show 
that simultaneous combinatorial targeting is capable to 
prevent resistance to therapy by antigen escape. We 
provide a blueprint for convenient clinical translation, 
building on existing and approved therapeutic 
components. 



 

125 

126 
Update: A phase 1/2, open-label study to assess 
safety, tolerability, biodistribution, radiation 
dosimetry and PET imaging characteristics of 
[18F]FPyGal in comparison to in-vitro diagnostic for 
the assessment of senescence in oncological patients 
(NCT04536454) 
C. la Fougère1, B. Gückel1, H. Dittmann1, N. Trautwein1, 
C. Hinterleitner2, J. Cotton3, G. Reischl3, G. Kienzle3, S. 
Singer4, C. Gani5, U. M. Lauer2, B. J. Pichler3, L. Zender2 
1University Hospital Tübingen, Nuclear Medicine, 
Tübingen, Germany 
2University Hospital Tübingen, Internal Medicine VIII, 
Medical Oncology & Pneumology, Tübingen, Germany 
3University Hospital Tübingen, Preclinical Imaging and 
Radiopharmacy, Tübingen, Germany 
4University Hospital Tübingen, Molecular Tumor 
Pathology, Tübingen, Germany 
5University Hospital Tübingen, Radiation Oncology, 
Tübingen, Germany 

It is well established that senescence of cancer cells 
can be induced by treatment with classical cytotoxic 
therapies but also by molecularly targeted therapies or 
immunotherapies, a phenomenon referred to as 
therapy induced senescence (TIS). Occurrence of 
intratumoral senescence harbors broad therapeutic 
implications and may limit the prognosis of cancer 
patients, as senescent cells, via their senescence 
associated secretory phenotype (SASP), can suppress 
anti-tumour immune responses and may increase the 
metastatic potential of non-senescent cancer cells. 
Preclinical data suggest that an eradication of 
senescent cells (senolytic therapies) or an application 
of SASP modulating therapies might improve the 
outcome of systemic cancer therapies, however, as a 
prerequisite to guide such approaches, robust and non-
invasive modalities to visualize and quantify 
intratumoral senescence are needed. We recently 
reported on the safety evaluation of the novel 
Positron-Emission-Tomography (PET) tracer 
[18F]FPyGal, a radiolabeled substrate of senescence-
associated ꞵ-galactosidase in healthy volunteers (AACR 
2022, #7958). In summary, our data showed that the 
use of [18F]FPyGal is safe and well-tolerated in the 
described human study population. In the second stage 

of our trial, we are now investigating the concordance 
of histopathological senescence markers with 
[18F]FPyGal senescence signals in i) rectum cancer-, ii) 
non-small cell lung cancer- and iii) adenocarcinoma of 
the esophagogastric junction (AEG) patients, who are 
undergoing neoadjuvant therapy. Here, we report on 
patients from the rectum cancer cohort of the trial.  
[18F]FPyGal PET imaging was done before and after 
administration of neoadjuvant radiochemotherapy 
(RCTx). [18F]FPyGal PET signal was correlated with 
immunohistochemical senescence markers (p16, p21, 
p53) and quantification of SA-ß-gal (Senescence-
associated beta-galactosidase) positive cells in biopsy 
materials (pre-therapy) and surgical resection 
materials (post-therapy). Expectedly, senescent cells 
were only detected at very low frequency in therapy 
naïve tumors and the lack of histological detection of 
senescence correlated with negativity in [18F]FPyGal 
imaging. In stark contrast, homogenous senescence, 
quantified with the indicated senescence markers, was 
detected in the majority of cancer cells after RCTx. 
Interestingly, in one rectum carcinoma, which 
underwent a full remission after RCTx, senescence of 
stroma cells in the area of the former tumor bed was 
detected by PET imaging and histologically. 

Collectively, our data indicate the utility of [18F]FPyGal 
PET imaging  to non-invasively detect senescence. 
Future trials using [18F]FPyGal to guide oncological 
therapy, e.g. to apply senolytic drugs in a personalized 
manner, are warranted. 
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Alterations in metabolic pathways and reprogramming 
is one of the major features of solid tumours and their 
development. Targeting these dependencies of specific 
cascades as such metabolic vulnerabilities has become 
a relevant therapeutic approach. However due to the 
high level of adaptability of cancer cells and 
compensatory pathways, this is often very challenging, 
and only a limited number of tumours respond to this 
approach [1]. A plausible strategy is modulation of 
pathways to accumulate possible toxic metabolites of 
the cancer cell. In this context, our group has shown 
that activation of fatty acid synthesis combined with 
inhibition of fatty acids desaturation in hepatocellular 
carcinoma (HCC) leads to lipotoxicity and 
consequential apoptosis of the cancer cell [2]. This 
therapeutic strategy seems to be efficient in liver 
tumours with multiple genetic and metabolic natures. 
Due to its role in cholesterol homeostasis, liver-X 
nuclear receptors (LXR) are relevant targets of this 
tactic. Although mostly targeted by their antagonist 
effects relating to atherosclerosis, LXR agonists in HCC 
treatment are, on the other hand, beneficial as it 
induces high hepatic levels of fat acids. Therefore, 
these proteins can be modulated for their lipogenic 
effects. On a primary effort to comprehend the 
structural features of LXR and possible requirements 
for ligands, we performed several Molecular Dynamics 
studies with known agonists and antagonists of LXR"s 
isoform, α and beta. For the proposed therapy, α-
agonistic selectivity is preferred since this isoform is 
manly expressed in the liver. With such features in 
minds, a set of in-house ligands were rationally 
designed and prepared, leading to good potency on 
biochemical assays. Careful analysis of the all-atom 
classical Molecular Dynamics Simulations (total of 80 
us) revealed stabilization of the active form of LXRα 

with the ligands. It has been suggested that the 
lipogenic effect of LXR ligands is related to the 
stabilization of LXRα helix-12 (AF-2) in an active state 
[3]. Therefore, further work and analysis is being caried 
out to obtain α-selectivity and increase potency, 
ultimately achieving desired lipogenic effect. 

  

[1] Rudalska, et al. Br. J. Cancer, 2021, 125, 1459 – 
1461. 

[2] Rudalska, et al. Nat. Rev. Cancer, 2021, 2, 201 – 
2017. 

[3] Belorusova, et al. Comm. Biol., 2019, 2, 431 – 434. 
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Introduction 

Ex vivo functional drug sensitivity profiling of patient-
derived tumor cells is receiving increasing attention in 
precision medicine programs, complementing the 
genomic-based approaches with functional 
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information on the tumor cell"s sensitivity and 
resistance towards a wide range of clinically relevant 
oncology drugs. Compared to classical end-point 
measurements quantifying drug response with a single 
number per well, image-based profiling provides a 
multidimensional profile per sample through a 
collection of extracted image-features, which can 
further be used to predict a drug"s mechanism of 
action or to identify drug- and disease-associated 
phenotypes. 

Question 

Despite major advancements in image analysis 
including machine learning techniques, the analysis of 
high-dimensional imaging data acquired from 3D 
spheroids remains challenging. We aim to quantify 
image-based drug responses in tumor-cell spheroids 
derived from paediatric patients with solid tumors. 
Therefore, we investigated a deep transfer learning 
method feasible for automated image analysis of 
heterogenous primary tumor samples with restricted 
material, limiting the number of specific assay controls, 
and further tackling the lack of robust 3D single-cell 
segmentation methods. 

Method 

We applied image-based drug profiling on human cell 
lines with known molecular characteristics and drug 
sensitivities and tested the method on patient-derived 
tumor samples in a high throughput setting. Cells were 
cultured as 3D spheroids and tested against a library of 
76 oncology drugs in multiple concentrations using a 
384-well format. Cell viability was assessed by 
fluorescent high-content microscopy using Hoechst 
staining along with brightfield acquisition. In addition 
results were compared to a metabolic cell viability 
readout using CellTiter Glo®. 

Deep transfer learning with patient-by-patient fine 
tuning was investigated for cell-viability quantification. 
To this aim, a convolutional neuronal network (pre-
trained on ImageNet) was fine-tuned with many 
positive and negative reference controls derived from 
a training cell line and secondly fine-tuned on a few 

additional screen-(patient-) specific assay controls. 
Each well containing a specific concentration of a 
oncology drug (query) was classified based on these 
reference controls. Network outputs at different drug 
concentrations were used for drug dose response 
curves and drug-sensitivity scoring using an automated 
analysis pipeline (iTReX). Further, dense-layer 
activations were used in t-distributed stochastic 
neighbor embeddings of drugs to summarize cell-death 
phenotypes. 

Result 

Image-based cell-viabilities showed strong correlation 
to metabolic-based cell viability  results (R ≈ 0.7). 
Expected drug sensitivities were confirmed as hits 
using the image-based profiling method, indicating the 
predictive power of deep learning to identify drug-hit 
candidates for individual patients. In patient-derived 
samples, unexpected drug hits can be identified for 
drug repositioning opportunities. Further, combining 
drug sensitivity scoring with phenotypic analysis may 
provide opportunities for complementary combination 
treatments. Applying deep transfer learning combined 
with an automated analysis workflow for drug hit 
scoring (iTReX) allows a feedback of results within a 
short time frame of 2-3 days per patient sample. 

Conclusion 

Functional image-based drug sensitivity profiling is 
feasible in a ex vivo setting and a promising method to 
complement and further improve the recent genomic 
approaches. Combined with deep transfer learning 
using patient-by-patient fine-tuning the methods 
provides a promising, segmentation-free image-
analysis approach, allowing a direct translation for 
precision medicine. 
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Question 

iASPP is a member of the ASPP family of proteins and 
an evolutionarily conserved inhibitor of p53. iASPP is 
an independent oncogene, acting as an anti-apoptotic 
mediator directly interacting with apoptosis-regulating 
proteins such as p53, Bcl-2 or NF-κB. Importantly, 
overexpression of iASPP has been described in several 
cancers and is associated with poor outcome, eg. in 
glioma or breast cancer entities. We have evidence 
that high expression of iASPP mediates a more 
aggressive biology and is involved in resistance to 
therapy in acute myeloid leukemia (AML). 

Method 

To define the role of iASPP in acute myeloid leukemia 
(AML) we screened 66 patients from our clinic with de 
novo or secondary AML as well as 10 cases of AML 
relapse. iASPP expression patterns were determined by 
FACS analysis and qPCR on protein and mRNA levels, 
respectively. Additionally, iASPP expression of 250 
patients with AML, enrolled in the HOVON102 trial, a 
prospective randomized trial investigating therapeutic 
benefit of Clofarabine in addition to standard induction 

chemotherapy, were analyzed with respect to overall 
and event free survival and the prognostic value of 
iASPP expression in this context. Statistical analyses 
were performed including comparison to a healthy 
donor cohort. To further functionally characterize the 
role of iASPP in AML oncogenesis and therapy 
response, we established iASPP knock-down (KD) cell 
models (Molm14 and Jurkat). 

Result 

We here demonstrate that iASPP is overexpressed in 
TP53 wildtype AML. Thereby, iASPP expression is 
significantly higher in AML patients than in 
mononuclear cells of healthy bone marrow donors 
(p≤0,0001). No differences were found between blasts 
derived from bone marrow or peripheral blood. Higher 
expression levels were confirmed in secondary AML 
(p=0,015) and AML relapse compared to de novo AMLs 
(p=0,04). Analysis of 270 patients included in the 
HOVON 102 study presented with a significant 
correlation between high iASPP expression and poor 
overall survival as well as shorter event free survival. 
iASPP expression thereby correlates with 
aggressiveness of the disease, as evidenced by higher 
expression levels in ELN intermediate (p=0,006) and 
high risk (p=0,047) patients compared to the good risk 
group. Finally our in vitro KD models confirm a role of 
iASPP in the biology of AML as evidenced by an 
increase in induction of apoptosis upon chemotherapy 
treatment (eg. daunorubicin 50nm, apoptosis: 40% in 
EV vs. 65% in KD cells) and a decrease in proliferation 
(p=0,028 at 48hrs). 

Conclusion 

To summarize, our data demonstrates that iASPP 
contributes to leukemogenesis and aggressiveness of 
the disease. Importantly, iASPP contributes to therapy 
resistance - and may serve as an additional prognostic 
marker for risk stratification in AML. Further 
prospective evaluation is warranted. 
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Question 

Targeted RNA editing is expected to provide a safer or 
more effective alternative to genome editing in specific 
clinical situations. Unlike genome editing, RNA editing 
maneuvers genetic information at the transcriptome 
level in a reversible and tunable fashion. These 
properties enable us to circumvent potential adverse 
events such as malignant transformation and ethical 
issues. Currently, a handful of RNA editing strategies 
have been established for targeted adenosine-to-
inosine (A-to-I) editing. These powerful means take 
advantage of ectopically engineered editing enzymes. 
However, in therapeutics, harnessing endogenously 
expressed adenosine deaminase acting on RNA (ADAR) 
would be preferable as it could surpass the delivery 
problem of large editing enzymes and significant off-
target events. 

Method 

Herein, we took three different approaches toward 
therapeutic application, harnessing RNA editing by 
ADAR. One way is the engineering of chemically 
optimized antisense oligonucleotides that recruit 
endogenous human ADARs to edit endogenous 
transcripts in a simple and programmable way, an 
approach we call RESTORE (recruiting endogenous 
ADAR to specific transcripts for oligonucleotide-
mediated RNA editing)1. Another goes in-silico 
sequence-optimization-based approach to establish 
the design principles for guide RNAs (gRNAs) that binds 
their endogenous target in a multivalent way, which 
we call CLUSTER gRNA2. Our third approach aims to 
develop programmable cell-specific gene expression 
elements3. The element is designed to form a double-
strand RNA with an intracellular, e.g. cancer-specific 
trigger RNA (mRNA, lncRNA, etc.) to kick out a UAG-
stop codon by inducing A-to-I RNA editing. As a result 
of the editing, transgene expression is induced 

downstream of the element in response to a cell-type 
specific trigger RNA. 

Result 

In the RESTORE approach, we successfully applied the 
gRNAs to human primary cells and demonstrated to 
repair clinically relevant mutations. We also achieved 
in vivo-PoC in a murine mouse model of human 
diseases. CLUSTER gRNAs, which can be genetically 
encoded and delivered with viruses, turned out to be 
effective in editing endogenous transcripts in a variety 
of cell lines. Similarly, in vivo, CLUSTER gRNAs were 
found to enable editing reporter constructs at up to 
10% in mouse liver. Our programmable cell-specific 
gene expression element now achieved significant 
reporter protein expression by sensing endogenous 
transcripts in human cell lines. 

Conclusion 

Our RNA-editing approaches represent novel strategies 
to interfere with genetic information which lay the 
basis for novel drug modalities, and might well be 
applicable in cancer therapy. 
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It is established that the highly prevalent human 
cytomegalovirus (CMV) strongly impacts the 
distribution of peripheral T cell populations and their 
differentiation profile. Although T cells are believed to 
be the main target of cancer therapies like immune 
checkpoint blockade (ICB), little is known concerning 
the role of latent CMV infection in cancer patients 
receiving such therapies. Therefore, we investigated 
whether a history of frequently recurring CMV 
infections represented by elevated CMV-specific IgG 
levels may inform about clinical outcome and 
peripheral T cell profiles. For this we assessed 230 
stage IV melanoma patients in total from two 
independent cohorts prior to anti-PD1 ICB. We 
determined CMV-specific IgG levels and IgG-antigen 
and -avidity profiles in parallel with peripheral T cell 
differentiation signatures. The presence of extremely 
elevated CMV-specific IgG levels prior to starting ICB 
treatment correlated with impaired overall and 
progression-free survival in two independent patient 
cohorts and a late-stage differentiated T cell signature, 
whereas respective IgG-antigen and -avidity profiles 
were comparable to healthy controls. Mass cytometry 
(CyTOF) in-depth immunophenotyping of selected 
patients identified a dominance of a late-
differentiated, putatively senescent-like CD8 T cell 
phenotype (e.g. CD57+) in peripheral blood of patients 
with highly elevated CMV-specific serum IgG levels. 
Ongoing paired analyzes of both, blood and tumor 
tissue revealed a tendency of higher CD57+ T cell 
frequencies in both compartments in CMV-seropositive 
compared to CMV-seronegative patients. The 
predictive capacity of CMV-specific IgG levels was 
independent of confounding and established factors 
like S100 levels. The findings suggest that T cell 
exhaustion mediated by a history of frequent CMV 
reactivations may negate effects of ICBs, underscoring 
the role of CMV and indicating a potential need for 
antiviral treatment already at an early stage of disease. 
Furthermore, CMV-specific IgG levels, may emerge as a 
predictive biomarker-candidate for clinical outcomes 
after ICB. 
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Question 

The well-known oncogenic transcription factor is 
deregulated in most of human cancers, for example 
hepatocellular carcinoma. It is also a pleiotropic 
regulator of RNA Polymerase II-dependent 
transcription, DNA replication and DNA damage 
response pathways. Transcriptional functions of Myc is 
regulated by ubiquitin system, for example, 
ubiquitination controls elongation factor Paf1c 
recruitment on Myc which further regulates Myc 
mediated transcription. Myc stability is also controlled 
by ubiquitination and can be deubiquitinased by 
Usp28, which also controls cellular response to DNA 
damage via the mediator protein 53bp1. Usp28 forms 
homodimers physiologically but the biological role of 
Usp28 dimerization is yet unknown. In this study, we 
tried to understand the mechanism and biological 
functions of Usp28 dimerization and to find new 
solutions for the development of antineoplastic 
therapies. 

Method 

Hepatocellular carcinoma HLF cells with expression of 
wildtype or monomeric USP28 were establish using 
lentiviral transduction to analyze the impact of Usp28 
dimerization on Myc function; 

RNA seq was performed to analyze the Myc mediated 
transcription; 

LC-MS/MS, proximity-ligation and 
immunoprecipitation assays were used to check the 
protein-protein interaction, as well as to analyze Usp28 
dimerization; 

Ubiquitin pulldown assays were utilized to study the 
deubiquitination activity of Usp28; 

EdU incorporation, DNA fiber assays were used and 
nascent DNA was isolated to understand the function 
of Usp28 on Myc mediated DNA replication regulation; 

Immunofluorescence and comet assays were used to 
detect the DNA damage. 

Result 

Monomeric Usp28 showed higher catalytic activity to 
stabilize Myc, it also showed a preference in 
deubiquitinating K-11 mediated ubiquitination. 
However, transcriptome profiling showed ectopic 
stabilization of Myc by monomeric Usp28 primarily has 
a non-transcriptional effect. Instead, it can facilitate 
the Paf1c recruitment on Myc target promoters, 
decrease the transcription replication conflicts and 
accelerate DNA replication while the rate of replication 
fork progression was reduced, indicating an 
accelerated firing of replication origins. This 
acceleration of replication leads to DNA damage, which 
can be reverted by thymidine-the DNA replication 
inhibitor, as well as by the depletion of Paf1c. 

DNA damage diminished Usp28 dimerization, 
facilitated the formation of monomeric Usp28, 
accompanied by the activation of Usp28 and 
stabilization of Myc. 53bp1, the key DNA damage 
response mediator protein, also the known Usp28 
binding partner, can selectively bind wildtype but not 
monomeric Usp28. DNA damage diminished 53bp1-
Usp28 interaction, accompanied by the formation of 
Usp28 monomers, indicating 53bp1 controls Usp28 
dimerization. Indeed, depletion of 53bp1 activated 
Usp28 and stabilized Myc, as well as increased 
replication-depended DNA damage, which can be 
blocked by thymidine. 

DNA damage (Etoposide) stimulated Paf1c recruitment 
to Myc and decrease transcription replication conflicts 
in control cells with a negligible effect in sh53bp1 or 
Usp28-KO cells, and the activated replication only 
detected at an early stage after Etoposide treatment, 
suggesting Etoposide triggers a transient/rapid 
replicative response via 53bp1 and Usp28. With 
chemical inhibition of Myc-Max interaction or with 
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depletion of Paf1c abolished etoposide-induced DNA 
synthesis, indicating this phenotype requires the 
Usp28-mediated stabilization of Myc and it involves 
activation of Usp28 and recruitment of Paf1c to 
chromatin. Etoposide also stimulated EdU 
incorporation in 53bp1-proficient HeLa cells, and other 
genotoxins drugs can also facilities replication in HLF 
cells, indicating stimulation of DNA replication is a 
common early response to genotoxic stress on 
different cell lines. 

Conclusion 

We identified that dimerization limits Usp28 activity 
and restricts recruitment of Paf1c by Myc. Monomeric 
Usp28 leads to ectopic Paf1c recruitment and 
resolution of transcription-replication conflicts, 
accelerating DNA synthesis. 53bp1 is the key mediator 
in regulating Usp28 dimerization. Genotoxic stress 
disrupts 53bp1-Usp28 complexes, promotes Usp28 
monomers formation and Paf1 recruitment by Myc. 
This triggers ectopic DNA synthesis during early 
response to genotoxins and leads to DNA damage. 

Our data show that stabilization of Myc and aberrant 
DNA replication represent a pathological response to 
DNA breakage rather than a programmed rescue 
mechanism. We propose that dimerization of Usp28 
limits aberrant replication at transcriptionally active 
chromatin to maintain genome stability, thus provide a 
basis for further analysis of replicative responses to 
genotoxic stress and can be instructive for the 
development of combinatorial antineoplastic 
therapies. 
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Introduction 

Gastric cancer (GC) is the fifth most common cause of 
cancer associated death worldwide and novel 
therapeutic strategies are urgently needed, especially 
for advanced and metastatic disease stages 

Despite its clinical relevance, better understanding of 
underlying molecular mechanisms and development of 
innovative therapeutic approaches are hindered owing, 
in part, to a paucity of tractable models that faithfully 
recapitulate different subtypes of the human disease. 
To fill this void, we have recently developed methods 
to somatically introduce clinically relevant oncogenic 
lesions directly into the stomach epithelium of mice. 

The rise of immunotherapy marks a turning point in 
cancer therapy. Especially the application of chimeric 
antigen receptor (CAR) T cells targeting CD19 in 
lymphoma patients was very successful and 
demonstrated high efficiency and prolonged survival. 
However, the efficacy of CAR T cells in solid tumors, 
including gastric cancer, has been limited partially due 
to cancer heterogeneity and the immunosuppressive 
microenvironment. To overcome these challenges, we 
aimed to tailor CAR T cell therapy to the specific 
characteristics of the tumor microenvironment of 
molecular subtypes in gastric cancer. 
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Method 

The generation of the non-viral molecular subtypes of 
GC was accomplished by introduction of the oncogenic 
driver MYC through a transposon-transposase system, 
coupled with a subtype specific gene knockout by 
Clustered Regularly Interspaced Short Palindromic 
Repeats (CRISPR)/Cas9 to the mouse epithelium by 
direct in vivo electroporation resulting in 
electroporation-based genetically engineered mouse 
models (EPO-GEMMs). Cell lines generated from the 
developed tumors and corresponding human gastric 
cancer cell lines were evaluated for their cytokine 
secretion profiles on protein and transcriptional level. 

CAR T cells tailored to the respective genetic subtypes 
were generated and functionally evaluated. 

Result 

The induction of genotypic configurations observed in 
patients produce metastatic gastric cancers in mice 
that recapitulate the histological, molecular, and 
clinical features of all non-viral molecular subtypes of 
the human disease. We found that loss of the tumor 
suppressor TP53 – leading to chromosomally instable 
(CIN) gastric cancer – initiates a genetic subtype-
specific program comprised of pro-inflammatory 
cytokines and chemokines. Importantly, CRISPR/Cas9-
induced loss of TP53 in genomically stable (GS) (usually 
TP53 wild type) gastric cancer activated a similar 
secretory program and we could recapitulate these 
results in human CIN and GS gastric cancer cell lines. To 
generate novel therapeutic approaches adjusted to the 
pro-inflammatory microenvironment of CIN cancer 
cells, we developed chimeric antigen receptor (CAR) T 
cells against the tumor cells that co-express receptors 
specifically directed against the secretory program. 
These cellular based therapies showed specific and 
effective lysis of CIN gastric cancer cells in vitro and are 
currently evaluated in vivo.  

Conclusion 

Using a new preclinical gastric cancer model we 
uncovered a secretory program specific for CIN gastric 
cancer and successfully generated a novel immune cell-
based therapeutic approach tailored to this genetic 
subtype. 
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CRISPR screens in primary CD8+ T-cells identify 
Kdm2b and Roquin-1 as modulators of T-cell fitness 
and anti-tumor immunity 
M. Schäfer1, S. Rieser1, M. Aichinger1, K. Froussios1, J. 
Lipp1, M. Fellner1, M. Minnich1, V. Vogt1, C. Mandl2, S. 
Staubinger2, S. Carotta2, J. Zuber1 
1IMP, Zuber Group, Vienna, Austria 
2Boehringer Ingelheim RCV, Vienna, Austria 

As central mediators of anti-tumor immunity, CD8+ T-
cells are critical targets in immune checkpoint and 
adoptive cell therapies. Treatment success critically 
depends on the generation of functional tumor-
associated T-cells. However, key regulators and 
pathways limiting this process are incompletely 
understood. To address this, we established and 
performed in-vitro and in-vivo CRISPR/Cas9-based loss-
of-function screens in primary murine CD8+ T-cells. 
Besides in-vitro and in-vivo specific and shared gene 
dependencies, our approach revealed the RNA-binding 
protein Roquin-1 and the epigenetic modifier Kdm2b 
as negative regulators of T-cell functions. Both, Rc3h1 
(Roquin-1) and Kdm2b deletion strongly enhance the 
proliferation and anti-tumor activity of CD8+ T-cells in 
primary screens and single-sgRNA validation assays. 
While bulk in-vitro and single-cell in-vivo 
transcriptomics suggest a hyperactivation of T-cells 
with a broadened co-stimulatory potential after 
Roquin-1 loss, Kdm2b deficiency results in a reduced 
exhaustion and elevated stemness signature 
accompanied by deregulated expression of crucial 
transcription factors Tox and Tcf1, respectively. Taken 
together, our study uncovers Rc3h1 and Kdm2b as 
candidate targets for boosting their anti-tumor activity. 
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Dysbiosis of the gut microbiome was shown to impact 
the pathogenesis of different diseases such as 
diabetes, obesity, inflammatory bowel diseases (IBD) 
and cancer. Metabolites from gut bacteria reach the 
liver via portal venous blood and various non-
malignant and malignant disease phenotypes in the 
liver were shown to be influenced by bacterial 
metabolites. 

Antibiotics are among the most widely used drugs and 
it is well established that the sustained use of 
antibiotics can lead to severe changes in the 
composition of the gut microbiome. In mouse models, 
it was recently shown that suppression of gut bacteria 
via antibiotics treatment can reduce tumor 
development in HCC mouse models (Harper et al., 
2018). Interestingly, recent studies suggested that 
even short-term therapy with antibiotics can induce 
profound long term shifts in the composition of the gut 
microbiome. Given that antibiotics are frequently used 
drugs, we wanted to study, whether gut dysbiosis upon 
short term antibiotics treatment can impact liver 
tumorigenesis.  

We found that a 3-day combinatorial antibiotics 
treatment (ampicillin, neomycin, metronidazole, and 
vancomycin) leads, after a transient suppression of the 

overall amount of gut bacteria, to the outgrowth of a 
dysbiotic microbiome.  

When p19Arf-/- mice harboring the dysbiotic 
microbiome were subjected to hydrodynamic 
intrahepatic delivery of oncogenic KRasG12V, a rapid 
outgrowth of aggressive and lethal intrahepatic 
cholangiocarcinomas (iCCA) was observed. Strikingly, 
when p19Arf-/- mice harboring the "parental" eubiotic 
microbiome were subjected to the same procedure, 
tumor development was significantly decreased, 
resulting in a longer survival of mice. 

Metagenomic sequencing of the feces from the 
dysbiotic vs. eubiotic mice revealed a significantly 
increased abundance of Parabacteroides goldsteinii, a 
bacterium, which was found to be increased in patients 
suffering from Primary Sclerosing Cholangitis (PSC), 
which often leads to iCCA development (Rühlemann et 
al., 2019; Song et al., 2020). When P. goldsteinii was 
administered to eubiotic mice via oral gavage, iCCA 
development upon intrahepatic KRasG12V delivery 
was markedly increased and reached levels of the 
dysbiotic mice. Conversely, when dysbiotic mice were 
treated with Neomycin to reduce P. goldsteinii 
abundance in the gut microbiome, iCCA development 
was massively decreased, resembling the situation in 
eubiotic mice.  

To identify bacterial metabolites derived from P. 
goldsteinii or other bacteria from the dysbiotic 
microbiome, which might contribute to the accelerated 
iCCA development, we applied LC-MS/MS metabolomic 
analyses on portal vein blood. Several metabolites 
were found to be elevated in the portal vein of 
dysbiotic compared to the eubiotic mice, among which 
7-oxo-deoxycholic acid (7-o-DCA), a derivative of the 
primary bile acid cholic acid, was shown to be most 
significantly increased. Elevated 7-o-DCA levels were 
also found upon P. goldsteinii-inoculation in eubiotic 
mice. Strikingly, sustained administration of 7-o-DCA 
via gavage into eubiotic mice resulted in increased 
tumor development. 

FACS and immunohistochemistry-based profiling of 
immune cells in livers of dysbiotic, P. goldsteinii and 7-
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o-DCA treated mice, revealed significantly increased 
levels of Ly6G-positive immune cells. Strikingly, 
antibody mediated depletion of Ly6G-positive immune 
cells alleviated tumorigenesis, suggesting that 7-o-DCA 
attracts Ly6G-positive proinflammatory and pro-
tumorigenic immune cells to the liver.           
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Introduction 

In the last decades, Immunotherapies have become a 
hallmark of cancer treatment comprising the 
development of Chimeric Antigen Receptor (CAR)-
engineered T-cells that resulted in remarkable 
treatment outcomes in haematological malignancies. 
In contrast, in advanced solid tumors similar results 
could not be achieved due to complex immunotherapy 
related resistance mechanisms including a 
immunosuppressive tumor microenvironment (TME) 
and the over-abundance of CAR-specific antigens 
which limit treatment efficacy in patients. 
Unfortunately, molecular therapies targeting signal 

transduction in CAR T-cells to enhance CAR T-cell 
function and to prevent T-cell exhaustion are not yet 
available. Based on a recent finding that a genetic 
knockout of the Mitogen Activated Protein Kinase 
(MAPK) p38 boosts CAR T-cell activation (Gurusamy D. 
et al. Cancer Cell. 2020), we here evaluate the potential 
of 2nd generation small molecule inhibitors targeting 
p38a (p38ai) to enhance CAR T-cell function for cancer 
therapies. 

Method 

Lentivirally transduced CD276-specific CAR T-cells were 
generated from isolated human CD4/CD8 positive T 
cells, stimulated with a polymeric nanomatrix 
conjugated to humanized CD3 and CD28 agonist and 
treated with different p38ai following analysis by 
immunoblotting and flow cytometry regarding cell 
surface markers for T-cell activation. Persistent CAR T-
cell activation was challenged in a newly established 
functional killing assay when CAR T-cells were facing 
freshly seeded adherent Luciferase-expressing RH30 
cells in repetitive cycles. 

Result 

Small molecule-based inhibition of p38α by the 
academically developed 2nd generation p38α inhibitor 
Skepinone-L (SK-L) (Koeberle, S. et al. Nat Chem 
Biol 2012; Rudalska R. et al. Nat Med. 2014) in CAR T-
cells resulted in prolonged killing activity on RH30 cells 
at a concentration of 500 nM compared to DMSO 
treated CAR T-cells. SK-L treated CAR T-cells were 
capable to show persistent killing function over a total 
of 14 repetitive cycles while control CAR T-cells lost 
their entire killing activity after almost 9 cycles 
indicating a state of exhaustion in those T-cells. A 
proliferation assay during the 3rd cycle revealed a 2-
fold change in cell expansion of p38ai preincubated 
CAR T-cells over control cells. 

Conclusion 

Overall, our data suggest that small molecule-based 
inhibition of the MAPK p38a by SK-L improves CAR T 
cell expansion and functionality. Importantly, while 1st 
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generation p38α inhibitors failed in the clinical owing 
to various shortcomings (Hammaker D, Firestein GS. 
Ann Rheum Dis. 2010), the 2nd generation p38α 
inhibitor SK-L, via its improved efficacy and selectivity, 
holds a great promise as a molecularly targeted 
therapy to increase T cell function. 

137 
Boosting ORFV vector vaccine efficacy by triggering 
innate immune signaling and optimizing antigen 
expression of antigen presenting cells 
M. Helmold1 
1University Hospital Tübingen, Departement for 
Immunology, Tübingen, Germany 

Our work centers around the apathogenic strain 
D1701-VrV of the Parapoxvirus ovis (Orf-Virus, 
ORFV), which holds great promise as a viral vector 
platform for both prophylactic and therapeutic 
vaccines targeting infectious diseases and cancer. 
Recently we revealed the mode of action showing that 
ORFV is taken up by professional antigen presenting 
cells (APC) leading to STING-mediated activation of 
these key players in immune induction. Based on this 
finding, the main objective of my PhD thesis is to 
further increase vaccine efficacy by i. understanding 
ORFV:APC interaction and stimulate innate immune 
signaling with vector-mediated PAMPs, ii. deciphering 
transcription and translation motifs to maximize 
transgene expression in APCs and iii. investigating and 
exploiting vector-linked virulence factors. These 
improvements will lead to an optimized next-
generation vector featuring enhanced APC activation, 
augmented transgene expression and finally result in 
superior cellular immune responses. 

Supervisor: Dr. Ralf Amann, Interfaculty Institute for 
Cell Biology (IFIZ), Departement of Immunology, 
University Hospital Tübingen. 
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Improving the efficacy of parapoxvirus vector-based 
tumor vaccines 
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1Interfaculty Institute for Cell Biology (IFIZ), 
Immunology, Tübingen, Germany 

The highly-attenuated Parapoxvirus ovis strain D1701-
V (Orf-Virus, ORFV) is an attractive platform for vaccine 
development against infectious disease and cancer as 
it represents several desirable characteristics, 
including: 1.) a beneficial safety profile; 2.) a large 
genome, allowing integration of multiple transgenes; 
3.) negligible ORFV-specific immunity, allowing 
repeated administration; and 4.) potent induction of 
innate and adaptive immune responses against 
transgenes. Although it´s suitability for therapeutic 
tumor vaccination has been successfully demonstrated 
previously, the aim of my PhD thesis is to further 
improve vaccine-mediated cellular immunity. 
Therefore, I am exploring co-expression of tumor 
antigens in combination with different costimulatory 
elements such as cytokines, activation signals or 
checkpoint inhibitors. In addition, I am investigating 
different antigen formats to increase the antigen 
presentation resulting in increased T cell activation. 
Finally, this knowledge will result in new vaccine 
candidates that will be evaluated for therapeutic 
activity in various tumor models. 

Supervisor: Dr. Ralf Amann, Interfaculty Institute for 
Cell Biology (IFIZ), Immunology, Tübingen, Germany 
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Question 

AML is a highly heterogeneous disease, both inter- and 
intratumorally. Consequently, targeting a single 
antigen by chimeric antigen receptor (CAR) T cells, will 
likely lead to the selection of antigen low or negative 
cell populations and subsequent therapy failure. 
Moreover, AML associated antigens are promiscuously 
expressed in healthy, vitally essential hematopoietic 
progenitor cells. Consequently, CAR-T targeting of 
these antigens requires stringent safety measures. To 
address both limitations, we have developed the 
AdCAR-T platform (Seitz et al., 2021). The AdCAR 
technology is based on a split recognition/activation 
design, in which effector cells are redirected to surface 
expressed antigens via biotin-conjugated adapter 
molecules (AMs), allowing qualitative and temporal 
control of CAR-T function for improved safety (on/off 
switch) and efficacy (pulsed dosing) as well as 
combinatorial targeting. In the present study we have 
aimed to study inter- and intratumoral heterogeneity 
of target antigen expression in pediatric AML, develop 
and validate AMs against a set of most relevant target 
antigens, and demonstrate superiority of individualized 
combinatorial targeting to prevent antigen escape. 

Method 

AML-specific target antigen expression was 
determined by multiplex (18-color) flow cytometry on 
primary pediatric AML patient samples (n=30) and 
healthy bone marrow (n=6). Data was analyzed for 
differential antigen expression, AML vs. bone marrow, 
and particularly intratumoral heterogeneity, to predict 
rational combinatorial targeting approaches. Next, 
AMs against the most prevalent target antigens CD33, 
CD38, CD123, CD135 and CD371 were designed, 
produced in CHO cells and biotin conjugated. Target-
specific activity to activate AdCAR-T and mediate target 
cell lysis was determined by luciferase and flow-based 
cytotoxicity assays in vitro as well as in cell line 
xenograft and PDX models in vivo. Moreover, 
CRISPR/Cas9 mediated knockout variants of AML cell 
lines were generated to systematically study multiplex 
targeting in vitro and in vivo.   

Result 

As expected, immunophenotyping of primary pediatric 
AML samples as well as AML cell lines revealed 
significant inter- and intratumoral heterogeneity, 
underscoring the need for flexible multiplex targeting 
approaches. We found that combination of three, in 
some cases two, target antigens should be sufficient to 
cover all malignant cells within an individual AML 
sample. Among all evaluated target antigens CD33, 
CD38 and CD371 were most homogeneously expressed 
on leukemic blasts, while expression of none of the 
evaluated target antigen was mutually exclusive vs. 
healthy bone marrow cell populations. All generated 
AMs, targeted against CD33, CD38, CD123, CD135 or 
CD371, demonstrated highly specific, target antigen 
dependent activity in vitro and in vivo. Interestingly, we 
found specific selection of antigen dim subpopulations 
in patient derived xenograft in vivo mono-targeting 
experiments. Furthermore, we were able to 
demonstrate that simultaneous multiplex (3 to 5 AMs) 
targeting was capable to eliminate highly heterogenic 
disease, experimentally generated by multiple knock 
outs, in vitro and in vivo. Systematic evaluation in co-
clinical PDX models is ongoing, with first resulted 
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supporting the feasibility of patient-individualized 
combinatorial therapy approaches.   

Conclusion 

In conclusion, we demonstrate that the AdCAR-T 
platform provides an ideal tool to address the specific 
needs for targeted immunotherapy approaches in 
malignancies with highly heterogeneric and 
promiscuous target antigen expression like AML. First-
in-human clinical trials in adult and pediatric AML are 
in preparation. 

141 
Sorafenib drives mitophagy across hepatocellular cell 
boundaries through tunneling nanotubes 
C. Hunter1, D. Schüssele1, A. L. Diogo de Oliveira1, A. 
Nordheim1, T. Proikas-Cezanne1 
1Eberhard Karls University Tübingen, Interfaculty 
Institute of Cell Biology, Tübingen, Germany 

Cell-cell communication is essential for organ function 
in health and disease. Tunneling nanotubes (TNTs) 
have recently been identified as novel cellular 
structures for intercellular communication, both 
homotypic and heterotypic. TNTs enable the direct 
exchange of small molecules, nucleic acids, proteins, 
and organelles between neighboring cells, which is 
crucial for both tumor formation and the development 
of tumor therapy resistance. Importantly, mechanistic 
details regarding TNT-mediated intercellular 
communication are poorly understood. Here, the 
identification of TNTs in hepatocellular carcinoma 
(HCC) is reported for the first time. Using a variety of 
cutting-edge imaging techniques, we reveal transport 
of mitochondria and autophagosomes between HCC 
cells and hepatic stellate cells (HSCs) via TNTs. This 
transport exists in both homotypic and heterotypic 
fashion. Importantly, we show that sorafenib 
administration, the first-line therapeutic option for 
advanced HCC, induces severe mitochondrial damage, 
mitophagy, and TNT formation in HCC cells and HSCs. 
In this context, sorafenib stimulates transport of 
damaged mitochondria and autophagy machinery by 
TNTs, suggesting that liver cells in HCC may dilute drug-
induced damage and compensatory rescue 

mechanisms to resist drug effects. Mechanistically, we 
found that TNT formation in HCC cells depends on 
NUDC, a microtubule motor-associated protein and 
interacting partner of autophagosomal WIPI proteins, 
key factors in autophagy induction. Since 
overexpression of NUDC is associated with a 
significantly poorer treatment outcome in human HCC 
patients, we envision the targeting of NUDC-mediated 
TNT transport of damaged mitochondria and 
autophagosomes as new therapeutic option to reduce 
the risk of therapy resistance towards sorafenib. 
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Determining the dynamics of immunity to influenza 
vaccination in cancer patients using multi-omics and 
repertoire profiling tools 
C. Schieler1, F. Wimmers1 
1Interfaculty Institute of Biochemistry (IFIB) Tübingen, 
Molecular Medicine, Tübingen, Germany 

Cancer and its accompanying treatments can induce 
immune dysregulation in patients, increasing their risk 
of severe infections. Additionally, vaccines often show 
lower efficacy in cancer patients and the molecular 
mechanisms underlying this phenomenon remain 
largely unknown. In this study, we will use multi-omics 
analysis to determine molecular and cellular drivers of 
immunity to influenza vaccination in cancer patients by 
integrating scRNA-seq, bulk RNA-seq, BCR-seq, and 
antibody data collected longitudinally over 180 days 
post-vaccination. In this context, we will also leverage 
the Barcode Enabled Antigen Mapping (BEAM) for 
multiplexed antigen screening to profile the B cell 
receptor repertoire after vaccination and to identify 
and characterize Influenza-specific B-cells.  

Overall, this project will provide a comprehensive 
understanding of the cellular and molecular immune 
response to influenza vaccination in cancer patients on 
a systems level and potentially inform the 
development of more effective vaccines for this 
vulnerable population. 

Supervisor: Florian Wimmers, PhD, Interfaculty 
Institute of Biochemistry (IFIB) Tübingen 
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Introduction 

A healthy liver harbours a nearly infinite capacity to 
regenerate its functional liver mass after surgical 
resection of toxic insults. However, impaired liver 
regeneration is a hallmark of acute and chronic liver 
diseases and to date liver transplantation still 
represents the only established treatment for acute 
liver failure and end stage chronic liver disease. Owing 
to the paucity of donor organs more than 2 million 
people die of acute and chronic liver diseases every 
year. Following up on the recently reported role of 
Mitogen-Activated Protein (MAP) Kinase 4 (MKK4) as a 
master regulator of liver regeneration (Wuestefeld et 
al., Cell 2013), we here present the development as 
well as pre-clinical and clinical characterization of 
highly selective small molecule inhibitors of MKK4 
(MKK4i). 

Method 

Our newly developed MKK4i was investigated in 
murine partial hepatectomy as well as fibrosis, 
alcoholic steatohepatitis (ASH) and non-alcoholic 
steatohepatitis (NASH) models including NASH 
associated tumorigenesis. Furthermore, preclinical 
studies in porcine models of 80% and 85% 
hepatectomy were conducted. Also, a First-In-Human 
(FIH) Clinical trial for our clinical candidate HRX-215 
was conducted in 48 healthy volunteers to assess 
safety, tolerability and pharmacokinetic (PK) in a 
single-center, double-blind, randomized, placebo-
controlled manner with administered doses from 5 to 
500 mg. In a second Phase 1 trial, we are currently 
investigating the target engagement of HRX-215 
towards MKK4 in whole blood samples. 

Result 

Treatment with MKK4i dose dependently increased 
hepatocyte proliferation five to sevenfold upon 2/3 
hepatectomy in mice (compared to carrier treated 
mice). When MKK4i were studied in pig hepatectomy 
models, we observed significantly increased 
hepatocyte regeneration and an increased liver volume 
(CT liver volumetry) upon 80% hepatectomy (43 h time 
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point). Strikingly, improved liver regeneration was 
found to translate into significantly improved survival 
and improvement of key liver parameters when MKK4i 
was tested in a lethal 85% pig hepatectomy model. 
Notably, further preclinical studies suggest therapeutic 
efficacy of MKK4 small molecule inhibitors also in 
chronic liver diseases. For example, MKK4 inhibition 
reduced liver damage and fibrosis in a sub-chronic (6-
week) mouse model of CCl4 administration. 
Furthermore, we observed significant reductions of 
steatosis and liver damage in a binge drinking mouse 
model of ASH. Importantly, long term pharmacological 
MKK4 inhibition was well tolerated by mice and did not 
result in increased tumorigenesis in transformation 
assays and models of sustained CCl4- or NASH-
mediated liver damage. In the 4-week oral toxicology 
studies in rats and dogs a NOAEL of 300 and 250 
mg/kg/day respectively was obtained for the lead 
MKK4 inhibitor candidate HRX-215 with no adverse 
events observed. In a FIH clinical trial HRX-215 was well 
tolerated at all administered doses with no observed 
relevant changes of any clinical or laboratory 
parameters. Within a given dosage strength, PK 
analysis revealed a dose-proportional increase of 
exposure with very low interindividual variability. 
Concentration vs. time profiles of HRX-215 supports a 
once-daily (s.i.d.) dose regimen during further clinical 
development. In a follow-up clinical trial, on-target 
activity of HRX215 was successfully verified over 
phosphorylation levels of MKK4 in whole blood 
specimens after 150 and 250 mg doses. 

Conclusion 

Our studies suggest that pharmacological MKK4 
inhibition is feasible and safe and allows to unlock liver 
regeneration in pathophysiological contexts, where the 
endogenous regenerative capacity of hepatocytes is 
locked or diminished. Clinical trials to probe 
pharmacological inhibition of MKK4 for the treatment 
of acute and chronic liver diseases are warranted. 
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Multiscale imaging of metastatic prostate cancer in 
bone 
M. Giampetraglia1,2, M. Zimmermann1,2, G. Dunkel1,2, 
B. Weigelin1,2 
1University of Tübingen Werner Siemens Imaging 
Center, Preclinical Imaging and Radiology, Tübingen, 
Germany 
2University of Tübingen, iFIT Cluster of Excellence EXC 
2180 „Image Guided and Functionally Instructed Tumor 
Therapies“, Tübingen, Germany 

Macroscopic imaging modalities are essential clinical 
tools for diagnosis and treatment monitoring and are 
frequently used in preclinical research to evaluate new 
therapeutic strategies. While macroscale imaging 
techniques, such as PET, MR and CT, provide systemic 
anatomical and physiological information, each image 
voxel integrates signals from hundreds to thousands of 
cells, masking the underlying heterogeneity in single-
cell behavior. Combined microscopic and macroscopic 
imaging is therefore required to capture physiological 
processes at different biological levels.   

The bone cavity in mice is typically too small to be 
efficiently sampled by the large voxels acquired in 
macroscopic imaging. The bone marrow is further 
inaccessible by microscopic imaging techniques due to 
light scattering in the dense cortical bone. Studying 
cellular processes in bone, such as cancer metastasis 
and (immuno)therapy response longitudinally by non-
invasive imaging is consequently currently impossible. 
We therefore developed a tissue-engineered bone 
model which creates a sufficiently large bone marrow 
cavity to enable macroscopic imaging in mice and 
further allows combining functional MR with 
microscopic imaging techniques, such as light-sheet 
and intravital microscopy.   

Tissue-engineered bone ossicles were generated by 
subcutaneous implantation of a collagen sponge with 
recombinant bone morphogenic protein-2 (BMP-2) and 
VEGF-A164 in immunocompetent C57Bl6 mice. One 
month after implantation, ossicles with a diameter of 
ca. 5 mm were formed and bone maturation was 
confirmed by µCT. Ovalbumin (OVA)-expressing 
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prostate cancer cells (PPSM/OVA) were directly 
injected into the ossicle and targeted by adoptive 
transfer of OVA-specific OT1 CTL.   

PPSM/OVA lesions in bone contained predominantly 
collapsed vessel structures, which correlated with 
immune exclusion and limited extravasation of OVA-
specific CTL to the tumor-marrow interface. 
Consequently, tumor apoptosis events within the 
metastatic lesions were rare. IVM of CTL-tumor cell 
interactions further confirmed poor infiltration and 
predominantly transient, non-lethal CTL contacts. 
Collapsed vessels could be a potential noninvasive 
imaging marker associated with immunotherapy 
resistance due to immune exclusion. We therefore 
established the co-registration of light-sheet 
microscopy (LSM) and diffusion-weighted imaging 
(DWI) to correlate vascular perfusion and immune 
infiltration. MR-generated diffusion maps and LSM 3D 
reconstructions of the ossicle vasculature confirmed a 
correlation between low perfused areas measured by 
DWI and total vessel density.   

In summary, we developed a tissue-engineered bone 
model which uniquely allows to combine macroscopic 
functional MR with cellular imaging at the microscale 
to identify noninvasive imaging biomarkers for 
monitoring immunotherapy response and to test 
combination therapies for optimized immunotargeting 
of prostate cancer in bone.  
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Question 

Immunotherapies are standard-of-care treatment in 
various cancers, but the lack of reliable and broadly 
applicable stratification methods leads to limited 
clinical success especially in solid tumors. Thus, we 
developed an immunoPET tracer for holistic in vivo 
monitoring of immune cell activation during immune 
checkpoint inhibitor (ICI) therapy by targeting the very 
early activation antigen CD69 and evaluated its use as 
an imaging biomarker for therapy responses. 
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Method 

Anti-mouse and anti-human CD69 monoclonal 
antibodies (mAb) were radiolabeled with the 
radiochelator NODAGA and copper-64 (64Cu-αCD69). 
The immunoreactivity of 64Cu-αCD69 was tested on 
resting T cells and bone marrow-derived (M0) 
macrophages, αCD3/CD28 stimulated T cells and 
IFNy/LPS (M1) or IL-4/IL-13 (M2)-differentiated 
macrophages. 

MC38 colon adenocarcinoma and OVA-B16 melanoma 
cells were subcutaneously (s.c.) inoculated in C57BL/6 
mice. Animals were treated with a suboptimal dose of 
programmed death 1 mAbs (αPD-1), a combination of 
programmed death ligand 1 mAbs (αPD-L1) + 
lymphocyte activation gene 3 mAbs (αLAG-3) or a 
COMBO consisting of αPD-L1/LAG-3 + adoptively 
transferred OVA-specific T-helper-1 (Th1) cells + 
cyclophosphamide as preparative regimen. In vivo 
PET/MRI scans were acquired 6, 24, and 48 hours after 
i.v. tracer injection. Animals were either sacrificed after 
the last imaging time point for ex vivo ɣ-counting of the 
organs, autoradiography and immunofluorescence 
staining (IF) or repetitively treated over 21 days to 
assess overall survival. For high-dimensional immune 
cell phenotyping, single cell suspensions of MC38 
tumors and secondary lymphatic organs were analyzed 
by flow cytometry and mass cytometry (CyTOF). 

From a clinical database with 336 immune checkpoint 
inhibitor-treated melanoma patients, six subjects were 
identified with matched melanoma samples from 
pretreatment and early on-treatment (within four 
weeks after therapy initiation) for IF staining of CD69 
expression on CD3+ T cells. To assess potential effects 
on T-cell function, flow cytometry analyses of cytokine 
production and proliferation of T cells stimulated with 
PHA or viral-derived peptides in the presence of anti-
human CD69 mAbs were conducted. 

Result 

Radiolabeling of the 64Cu-αCD69 yielded high 
radiolabeling efficiency (> 95%), immunoreactivity 
(>70%). 64Cu-αCD69 bound to activated T cells and 

M1-polarized macrophages (> 60%) but not to resting T 
cells and M0 or M2-differentiated macrophages in 
vitro. 

PET/MR of αPD-L1/LAG-3-treated MC38 tumor-bearing 
mice showed a significant increase in 64Cu-αCD69 
tumor uptake 3 days and 5 days after therapy onset 
compared to T-cell-depleted and sham-treated control 
mice. Ex vivo biodistribution, autoradiography and IF 
staining confirmed our imaging results and revealed a 
specific uptake in tumor regions with CD69high immune 
cell infiltrates.  At the single cell level, CD69high CD4+ 
and CD8+ T cells, MHC-IIhigh macrophages, and NK 
cells were significantly increased in MC38 tumors of 
αPD-L1/LAG-3-treated mice. In OVA-B16 tumor bearing 
mice, αPD-L1/LAG-3 therapy did not exhibit any 
treatment efficacy nor an increased 64Cu-αCD69 uptake 
in the tumor. In contrast, additional transfer of OVA-
Th1 cells was highly efficient, correlating with 
enhanced 64Cu-αCD69 uptake three days after therapy 
initiation. 

Moreover, we injected a suboptimal dose of αPD-1 in 
MC38-bearing mice to reveal a heterogenous therapy 
response of ~50%. Again, all mice with significantly 
inhibited tumor-growth revealed higher 64Cu-αCD69 
uptake in the tumors compared to non-responding 
mice as early as 48 h after therapy initiation. The 
spatial distribution of the tracer in responding mice 
was more homogeneous and localized to the tumor 
core.  Mass cytometry analysis of the tumor infiltrate 
by unsupervised clustering revealed an increase in 
tumor-suppressive CD69+ mature myeloid cell 
populations and an increase in CD69+ cytotoxic T cells 
with an effector-memory phenotype in responders. 

To further investigate CD69 as a clinically relevant 
biomarker, IF staining of melanomas from patients 
receiving immune checkpoint inhibitor therapy showed 
a clear increase in CD69high T cells in patients with 
therapy response, while CD69 expression remained at 
baseline in patients with progressive disease. As a 
further prerequisite for clinical translation, anti-human 
CD69 mAbs did not affect human T cell function or 
proliferation in vitro. 
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Conclusion 

CD69-immunoPET enables the monitoring of 
antitumoral immune responses that were clearly 
associated with therapy efficacy. Distinct lymphoid and 
myeloid cell populations with high CD69 expression 
were identified already in the first days of ICI 
treatment. Future clinical applications of CD69-PET 
may lead to a better understanding of immune 
responses and to an improved outcome for patients by 
the assessment of therapy success at very early time 
points. 
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Result 

Genetic ablation of target gene X in CD19 CAR T cells 
showed a differentiated phenotype comprising 
increased fraction of Tscm and Tcm subsets after co-
culture with target cells. Further, hints on increased 
proliferation capacity, improved cytokine profile and 
decreased exhaustion markers were shown. Lysis 
assays demonstrated comparable killing before and 
after co-culture showing no negative impact on 
effector function or killing capacity. This outlines a 
promising strategy to increase stem-like CAR T cell 
subset in in-vivo models and further investigation is 
conducted. 

147 
Modeling Leukemia Development in context of 
Congenital Neutropenia 
H. Jeremy1 
1Universitätsklinikum Tübingen, Medizinische Klinik/ 
Innere Medizin II | Translationale Onkologie, Tübingen, 
Germany 

Question 

Congenital neutropenia (CN) is a bone marrow failure 
syndrome treated under administration of granulocyte-
colony stimulating factor (G-CSF). Progression to acute 
myeloid leukemia (AML) is detected in 20% of CN 
patients after 20 years. The stress of bone-marrow 
failure is responsible for the acquisition of somatic 
mutations, most frequently observed in CN/AML 
patients in RUNX1 and CSF3R genes. In this project, we 
aim to develop in-vitro and in-vivo models to 
investigate the malignant hematopoiesis induced by 
the accumulation of key cooperative mutations. These 
models will enable us to study the CN/AML 
pathophysiology, define the role of additional 
mutations and test potential treatments. 

Method 

As an in vitro assay, we have established selective 
culture conditions for the expansion of isolated murine 
primary HSPCs based on the work of Wilkinson et al 
2019. The system allows us to keep and expand pure 
HSPCs in culture for prolonged times, to introduce 
RUNX1 mutations using lentiviral transduction and 
treat the cells with G-CSF at 1ng/ml. Fluorescence-
activated cell sorting (FACS) of mutant cells will 
undergo further functional and multiomics studies, 
including long-term culture, colony-forming units (CFU) 
assay as well as RNA-seq, ATAC-seq, and qPCR 
analyses. 

As an in-vivo assay, we have established an allogenic 
transplantation model. To this end, we isolated 
primary mouse HSPCs with a truncating Csf3r mutation 
and transduced them with RUNX1 WT or mutant 
R139G or R174L lentiviral vectors. These modified 
HSPCs are transplanted into lethally irradiated 
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congenic Ly5.1 mice. The transplanted mice are treated 
with G-CSF or Placebo (250 µg/kg, i.p.). The mice were 
monitored for up to 56 weeks or until they had to be 
terminated due to leukemia symptoms. 

Result 

In our in-vitro model, we reached long-term (over 4 
weeks) expansion of c-kit-positive cells (>35-fold 
increase, purity >95% c-kit+ with about 10% LSK). The 
characterization of HSPCs from WT and d715 Csf3r 
cultures showed similar distribution, with a large 
CD150- progenitor population. Response to G-CSF 
treatment has been defined, inducing the rise of LSK 
populations up to 50% of WT c-kit+ cells. This effect 
hasn"t been observed within d715 Csf3r cultures. We 
efficiently double transduced our c-kit+ cultures with 
lentiviruses, achieving up to 30% of double 
transduction. Transcriptomic analyses are now 
ongoing. 

Analysis of bone marrow cells from the in-vivo model 
at experimental endpoint showed a significantly higher 
expansion of transplanted cells harboring RUNX1 
R139G or R174L mutations compared to WT recipient 
mice when treated with G-CSF (for N=10, *p<0,05, 
**p<0,01, respectively). A 2-fold increase of mutant 
cells has been observed in the bone-marrow of mice 
under G-CSF. Wright-Giemsa staining of bone marrow 
confirmed the presence of immature blasts in mutated 
groups when compared to WT controls. As we didn"t 
observe full-fledge AML, we hypothesized that further 
aberration is required for full leukemic transformation. 

Conclusion 

Here, we set up a reliable in-vitro model to replicate 
the genomic and physiological conditions observed in 
patients with CN/AML and investigate the role of 
associated mutations in the development of leukemia. 
This model enables us to perform functional 
characterizations of CN/AML associated mutations, 
further identify key downstream mechanisms and pre-
test different combinations of mutations. 

So far, we could observe in-vivo that the combination 
of RUNX1 and CSF3R mutations causes a proliferative 
phenotype. After in-vitro pre-screening of selected 
mutations and their future introduction to our mouse 
model, we will be able to replicate CN/AML phenotype 
in-vivo. 
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RNA interference (RNAi) is a naturally occurring 
process that regulates gene expression in trans, and 
can be exploited experimentally and therapeutically via 
the expression of synthetic RNAi triggers, to modulate 
gene expression of nearly any target gene. We and 
others have demonstrated that engaging the RNAi 
pathway through the use of endogenous microRNA 
(miRNA) backbones has significant advantages over 
shRNAs and/or mature siRNAs. One of the most 
important advantages is that they can be expressed 
from an RNA Polymerase II promoter, a feature that 
dramatically decreases the cytotoxicity compared to 
shRNAs expressed from RNA Polymerase III promoters. 
Moreover, unlike mature siRNAs, which only 
transiently persist in cells, several miRNAs can be 
cloned produced in tandem and expressed from a 
single transgene to produce combination gene 
knockdown, an important feature that may prevent 
therapeutic resistance. These characteristics make 
miRNAs a promising class of RNAi therapeutics, with 
candidates currently being tested in ongoing clinical 
trials. To enhance the therapeutic potential and 
decrease off-target toxicities associated with RNAi 
gene silencing, we have developed several artificial 
miRNAs (amiRNAs) that are derived from endogenous 
primary miRNA transcripts modified at specific key 
regulatory regions for the DROSHA/DICER-mediated 
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processing. In addition, the guide/passenger duplex is 
exchanged with one targeting a given gene of interest. 
We demonstrate that these structural features within 
our amiRNA scaffolds are more efficiently and precisely 
processed by DROSHA and DICER than their 
endogenous counter parts, thus strongly impacting the 
potency and accuracy of silencing. Specifically, higher 
efficiency ensures higher level of mature miRNA to 
induce more potent silencing; similarly, higher 
precision creates a homogenous pool of mature 
miRNAs, where only the guide strand has the proper 5" 
thermostability for AGO loading. Using our novel 
enhanced amiRNAs, we demonstrate their ability to 
outperform two of the current golden standards 
amiRNAs miR155 and miRE. In conjunction with rAAV 
delivery, our novel amiRNAs will serve as the molecular 
scaffold in our quest to develop potent and non-toxic 
forms of RNAi therapeutics for the treatment of human 
cancers. 


