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Welcome Address

Dear colleagues, Dear friends of the DeGBS,

It is our great pleasure to welcome you to the 2025 Annual Conference of
the German Society for Biological Radiation Research (DeGBS), held
this year in the beautiful city of Munich. As in previous years, our meeting
brings together a diverse and interdisciplinary community of scientists
committed to advancing our understanding of biological responses to
ionizing radiation and improving radiotherapeutic strategies.

The scientific program reflects the dynamic and multifaceted nature of
our field. It is structured into four thematic sessions and one dedicated
Young Investigators’ Session:

Session A explores the fundamental mechanisms of radiation responses,
including DNA repair and cell fate decisions.

Session B focuses on signaling and adaptive responses, covering signal
transduction, epigenetics, radiation qualities, temporal and spatial frac-
tionation effects.

Session C addresses cell-extrinsic and systemic modulators, such as cell-
to-cell interactions, microenvironmental and immune-related aspects.
Session D, a joint session with the German Society for Radiation
Oncology (DEGRO), highlights translational innovations in radiotherapy,
including personalized and combined modality treatment approaches,
predictive and prognostic marker constellations.

Session E, our Young Investigators’ Session entitled “Replace, Reduce,
Refine”, showcases innovative and responsible strategies in transla-
tional radiation research, emphasizing the next generation of scientific
leadership.

We are excited about the outstanding contributions submitted to this
meeting and look forward to stimulating scientific discussions, new
collaborations, and a shared vision for the future of biological radiation
research.

On behalf of the DeGBS, we thank you for your participation and wish
you an inspiring and enjoyable meeting.

With kind regards,

The Organizing Committee

Kirsten Lauber (LMU University Hospital Minchen)

Anna Friedl (LMU University Hospital Minchen)

Horst Zitzelsberger (Helmholtz Center Miinchen)

M BMC

Session A: Fundamental mechanisms of cellular responses to
radiation

a) Key note lecture

A-K1

Mitochondria at the hub of cell death and immunity in irradiated
cancer cells

Emma Guilbaud', Ai Sato', Lorenzo Galluzzi'*

'Cancer Microenvironment and Signaling Program, Fox Chase Cancer
Center, Philadelphia, USA

*Correspondence: Lorenzo Galluzzi (lorenzo.galluzzi@fccc.edu)
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Mitochondrial integrity controls cellular and immunological homeo-
stasis in various pathophysiological settings. Previous work from our lab
demonstrated that the cytosolic accumulation of mitochondrial DNA
(MtDNA) in irradiated breast cancer cells is paramount for their abil-
ity to secret type | interferon (IFN) upon CGAS-STING signaling, hence
initiating targeting-tumor immunity. Such a release is mediated by the
molecular machinery for mitochondrial outer membrane permeabiliza-
tion (MOMP), hence being actively inhibited by the anti-apoptotic protein
BCL2. Moreover, the proficient disposal of permeabilized mitochondria
by autophagy (a process that is commonly known as mitophagy), as well
as the MOMP-driven activation of apoptotic caspases, tonically inhibits
type | IFN responses elicited by radiation therapy. As general autophagy
is also fundamental for the optimal release of immunostimulatory ATP by
cancer cells undergoing immunogenic cell death (ICD) we are focusing
on strategies that would maximize type | IFN secretion in the context of
preserved ATP release to obtain superior immunostimulatory effects by
radiation therapy in HR + breast cancer.

b) Proffered papers—oral presentation

A-O1

Multi-modal computational analyses reveal motifs of interferon
signaling and DNA repair as hallmarks of the radiation response in
HNSCC

Rosario Astaburuaga-Garcia'**, Samet Mutlu>*°, Pablo Escrihuela
Branz**°, Thomas Sell'?, Nikko Brix®, Anja Sieber'?, Viola Hollek'?, Jennifer
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Background Radiotherapy is a standard treatment for head and neck
squamous cell carcinoma (HNSCC), yet resistance remains a major chal-
lenge. Accordingly, investigating the molecular mechanisms underlying
radiation resistance and their prognostic implications in clinical cohorts is
a major focus of both basic and clinical research.

Materials and methods We subjected a panel of established HNSCC cell
lines to single-cell RNA sequencing and employed Non-Negative Matrix
Factorization (NMF) to extract gene expression programs reflecting het-
erogeneity. Among the cell lines, Cal33 exhibited the greatest intracellular
heterogeneity, accompanied by pronounced radioresistance. SKY-FISH
confirmed the presence of genetically distinct subclones within this line.
We established 10 Cal33 sublines with varying degrees of radiation resis-
tance, serving as an informative model system to study intra-tumor het-
erogeneity and post-radiation cell fate decisions.

Results Transcriptional similarity between Cal33 sublines did not corre-
late with radiation resistance, suggesting that mechanisms beyond the
major transcriptional determinants drive resistance. DNA damage repair
motifs were associated with increased resistance, while high basal lev-
els of interferon (IFN) signaling were linked to increased radiosensitivity.
Time-resolved mass cytometry confirmed IFN signaling in the sensitive
subline and DNA repair activation in the resistant subclone post-radiation.
Chk1 inhibition elevated STAT1/STAT3 activation upon irradiation, reveal-
ing the causal interconnection between DNA repair and IFN signaling.
Functionally, ATM inhibition—rather than IFN@ treatment—sensitized
the sublines to irradiation, highlighting DNA repair capacity as the key
determinant of radiation response in our model system. Clinically, the
extracted IFN/inflammation signature turned out to be a significant
prognosticator for progression-free survival (PFS). In a cohort of 131
HPV-negative HNSCC cases, patients with low IFN/inflammation scores
had significantly impaired progression-free-survival compared to those
with high IFN/inflammation scores. Hence, expression of IFN/inflamma-
tion motifs could serve as a proxy for DNA damage repair proficiency and
guide combination treatment strategies, such as ATM inhibition.
Conclusions Our findings suggest that elevated basal IFN signaling in
HNSCC marks an inflamed state with impaired DNA repair and height-
ened radiosensitivity, while low IFN signaling correlates with greater
repair proficiency and radioresistance. This study provides a framework
for investigating intra-tumor heterogeneity and causal links between sig-
naling and radiation response, with broader applications for uncovering
resistance mechanisms and guiding precision therapy.

A-02

Inhibition of polymerase theta overcomes replication-associated
radioresistance in triple-negative breast cancer cell lines

Marie Vogt'*, Sandra Classen’, Nils Cordes*>*>®, Kerstin Borgmann'
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Background Despite an initial response to therapy, triple-negative breast
cancer (TNBC) tends to develop therapy resistances. This is partially
attributed to activity of complex DNA repair mechanisms that protect
DNA replication. Error-free “classical” DNA repair processes act alongside
numerous error-prone backup mechanisms to repair DNA double-strand
breaks and thus maintain the replication process. Aim of this study was
to evaluate the relevance of these error-prone processes for the radiation
response of human TNBC cell models in order to develop new radiothera-
peutic interventions to overcome resistance.

Materials and methods A siRNA screen was conducted to analyze genes
involved in replication-associated DNA damage response. Based on the
colony forming ability of MDA-MB-231 cells in 3D following 6 Gy irradia-
tion. Verification in additional TNBC cell lines and using the polymerase
theta inhibitor ART558. Determination of DNA damage by the detection
of yH2AX, RAD51, or RPA foci. Analysis of cell cycle by FACS and replica-
tion processes using the DNA fiber assay.

Results Significantly reduced cellular survival of up to 35% was observed
for 19 of the 44 genes analyzed after siRNA knockdown and 6 Gy irradia-
tion. Most of the top targets were associated with theta-mediated end
joining (TMEJ) or translesion synthesis (TLS), both error-prone signaling
pathways crucial for increased tolerance to replication stress. Among
these top targets was polymerase theta (Polf; p<0.01), which is actively
involved in both, TMEJ and TLS. Concordantly, siRNA knockdown and
application of the clinically relevant inhibitor ART558 demonstrated
radiosensitization, with an SERSGy of 1.3, (p<0.05) and an SERSGy of 1.5,
(p<0.0001) in the 3D colony formation assay. However, significant radio-
sensitization was only observed at higher doses. This could be attrib-
uted to increased DNA damage (p<0.001) upon Pol6 inhibition and
8 Gy irradiation. Possible underlying mechanisms for the radiosensitizing
effect could be the exclusive damage of S phase cells. Confirming this,
increased replication stress was observed by an elevated number of
RADS51 foci (p<0.001) and increased S phase arrest (p < 0.05). And replica-
tion stress was reflected by an extension of newly synthesized DNA after
Pol6 inhibition alone (p<0.01), but a significant slowdown after com-
bined with irradiation. Current studies focus on the occurrence of DNA
double-strand breaks and single-stranded DNA at active replication forks,
both indicators of perturbations.

Conclusions Inhibition of Pol6 resulted in significant radiosensitization
due to enhanced DNA damage and DNA replication stress in human
TNBC cell models. Although the effect of PolB inhibition on tumor control
is currently being investigated in several clinical trials, a deeper under-
standing of the underlying mechanisms is required for a specific target-
ing in combination with radiotherapy.

A-03

Analysis of radiation-induced senescence in vitro

Katharina Gehr'*, Elia Heid?, Stephanie Hehlgans?, Heike Anders?,
Vaanilaa Ketheeswaranathan®, Rosario Astaburuaga-Garcia®, Anja Sieber®,
Bertram Klinger®, Nils Bliithgen®, Thomas Conrad?®, Julia Hess'*, Horst
Zitzelsberger'?, Franz Rédel?”, Diana Klein?, Verena Jendrossek?, Kirsten
Lauber'®
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Background Radiation-induced cellular senescence is a common phe-
nomenon in both tumor and normal tissue following radiotherapy.
Changes in the cell cycle, extensive metabolic reprogramming, activa-
tion of anti-apoptotic signaling pathways, and the development of the
senescence-associated secretory phenotype play a central role in both
the emergence of therapy resistance in tumors and radiation-induced
complications in normal tissue. Detailed mechanistic investigations are
therefore urgently needed but are hindered by existing methodologi-
cal limitations. This project focuses on the methodological detection of
senescent cells—an ongoing major technical challenge according to cur-
rent knowledge.

Materials and methods In the present study, radiation-induced senes-
cence was examined in cell culture models of tumor tissue (breast can-
cer) and normal tissue (fibroblasts, endothelial cells, epithelial cells). Both
qualitative-descriptive methods, such as time-lapse microscopy, immu-
nohistochemistry, immunofluorescence, and Western blot analyses, as
well as quantitative approaches, particularly FACS analyses of various
properties of senescent cells, were employed. These methods were also
specifically refined to enable a more robust characterization of radiation-
induced senescence.

Results Published phenotypic and molecular changes associated with
radiation-induced senescence exhibited a high degree of variability
across the tested cell culture models and are therefore not universally
applicable to all models. In particular, the detection of senescence-associ-
ated 3-galactosidase showed methodological limitations, although these
could largely be compensated for by combining the assay with vital dyes.
Nevertheless, there remains a significant need for novel and improved
markers to facilitate systematic and/or high-throughput-compatible
analyses of radiation-induced senescence. To address this, transcriptomic
analyses of FACS-sorted senescent cells are currently being conducted.
Conclusions In conclusion, the detection of radiation-induced senescent
cells is fundamentally feasible using various methods, despite the known
methodological limitations. However, improved markers are urgently
required for systematic and/or high-throughput analyses.
Acknowledgements Supported by grant of BMBF (02NUK086).
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Inhibition of PARP results in highly effective radiosensitization of
paediatric brain tumours without affecting normal tissue
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Background Medulloblastoma (MB) is the most and ependymoma (EPN)
the third most common high-grade childhood brain tumour. Different
molecular subgroups (WNT, SHH, GR3/4) of both are associated with
different prognoses. Multimodal treatment leads to severe (neurocogni-
tive) late effects. Radiosensitization approaches are of great interest as
new therapeutic option to improve survival in high-risk groups and ide-
ally to allow dose de-escalation of radiotherapy in standard-risk patients
to improve neurocognitive outcome. This study investigated whether
PARP inhibition (PARPI) effectively impairs DNA repair and consequently
increases the cellular radiosensitivity of pediatric brain tumors. Addi-
tionally, the effect of combined treatment on non-cancerous cells was
analyzed.

Materials and methods PARP expression was investigated by western
blot analysis and immunofluorescence (IF). Effect of PARPi on radiosensi-
tivity was assessed by colony formation assays. DNA double-strand break
(DSB) repair capacity was analyzed in MB cell lines, astrocytes and brain
tissue of healthy mice, as well as in forebrain organoids (FBO) based on
human induced pluripotent stem cells and ex vivo MB and EPN slice cul-
tures. DSBs were quantified after treatment with PARPI prior to irradiation
using IF. Flow cytometric analysis was used to analyze the effect of irradia-
tion and PARPi on cell cycle distribution.

Results GR3 MB cell lines expressed higher levels of PARP1 than SHH MB
cell lines. PARPi in combination with irradiation increased the number
of S/G2 phase cells and led to higher levels of residual DSBs in MB cell
lines, whereas astrocytes did not exhibit significantly higher numbers of
residual DNA DSBs compared to irradiation alone. MB cell lines showed
increased cellular radiosensitivity when treated with PARPI prior to irra-
diation. PARPi in combination with irradiation resulted in decreased DNA
DSB repair capacity in ex vivo tumour slice cultures of MB and EPN. Pami-
parib resulted in higher numbers of DSBs than olaparib in ex vivo slices of
both entities. Evaluation of the DNA DSB repair capacity in brain tissue of
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healthy mice, as well as initial observations in FBOs revealed no additional
DNA damage of PARPi in combination with irradiation. Proliferation, as
measured by Ki67 staining, was higher in FBOs following combined PARPi
and irradiation compared to irradiation alone, suggesting that PARPi may
exert a neuroprotective effect by promoting cellular proliferation after
irradiation.

Conclusions PARPi resulted in impaired DSB repair and enhanced radi-
ation-induced cytotoxicity. Thus, olaparib and pamiparib are potential
radiosensitizing agents for the treatment of paediatric brain tumours,
which do not lead to additional damage of normal tissue.

Trial registration and/or ethics approval number All patients provided
informed consent for the use of their excised specimens for research pur-
poses. All experiments were approved by the Ethics Committee of the
Hamburg Chamber of Physicians (Hamburger Arztekammer’).

c) Proffered papers—Poster presentation
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Background The application of far-UVC (222 nm) is being discussed as a
potentially safer alternative to conventional UVC (254 nm) due to its ger-
micidal properties. During the SARS-CoV-2 pandemic, the use of far-UVC
radiation for air disinfection increasingly came into focus as a potential
solution for use in public spaces, even in the presence of people. How-
ever, further research is needed, particularly for sensitive or vulnerable
populations, to assess potential risks.

Materials and methods In this study, for the first time, pediatric skin
(<19 months; foreskin) and aged skin (>60 years) were analysed under
standardized conditions regarding the induction and localization of DNA
damage (cyclobutane pyrimidine dimers, CPDs) following irradiation with
far-UVC222 and UVC254.

The skin samples were irradiated with 30, 300, 1000, and 2000 J/m? of far-
UVC222 and UVC254. CPD induction was analysed immediately after irra-
diation using fluorescence immunohistochemical staining, microscopy,
and quantification of CPD-positive nuclei in a layer-specific manner (basal
and suprabasal layers of the epidermis). HaCaT keratinocytes were irra-
diated with 10, 30, and 50 J/m? far-UVC222 and 30 J/m? UVC254. HaCaT
cells were stained for CPDs and yH2AX and analysed using immunofluo-
rescence microscopy.

Results The results clearly show that both UVC wavelengths induce
DNA damage. Far-UVC222 causes significantly fewer CPDs compared to
UVC254. Notably, in the basal cell layer, which is relevant for carcinogenic
processes, no UV-induced CPD formation was observed after Far-UvC222
exposure, in contrast to UVC254.

At the same time, findings suggest that epidermal characteristics, such
as stratum corneum and epidermal thickness, influence the sensitivity of
different skin types. Additionally, the DNA-damaging effects of far-UVC
through CPD and yH2AX induction are supported by investigations in cell
culture.

Conclusions These results highlight the importance of wavelength filter-
ing and the targeted consideration of individual skin characteristics to
further minimize potential risks, particularly for vulnerable groups such as
children and the elderly. This project focuses on the mechanistic exami-
nation of DNA damage localization and provides a basis for future safety
assessments of far-UVC.

Trial registration and/or ethics approval number All cells were iso-
lated from human foreskins derived from routine circumcisions. Obtain-
ing ethics approval was not required. The legal guardians of the children
gave informed consent before donation of foreskin samples.
Acknowledgements This research was sponsored by the Federal Office
for Radiation Protection (Bundesamt fUr Strahlenschutz, BfS).
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Background Radiation-related skin injuries can represent significant
complications of radiotherapy, ranging in severity from transient ery-
thema to non-healing ulcers. In addition to acute effects, chronic radia-
tion damage includes skin atrophy with loss of hair follicles and chronic
fibrosis. In earlier studies, we demonstrated that ionizing radiation
prompts the incorporation of the histone variant H2A.J into the nuclear
chromatin of epidermal keratinocytes, where it plays a key role in shaping
acute radiation responses by modulating the expression of pro-inflamma-
tory mediators (1; 2). To further explore the pathophysiological relevance
of H2AJ in both acute and chronic radiation-induced skin damage, we
conducted a comparative analysis of irradiated skin from H2A.J knockout
(KO) mice and their wild-type (WT) counterparts.

Materials and methods After CT-guided planning, the dorsal skin folds
of both H2A.J KO and WT mice were exposed to a single dose of 20 Gy.
The skin responses to radiation were assessed macro- and microscopi-
cally for up to six months post-irradiation. The expression of H2A.J, along
with important markers of cellular senescence, DNA damage, and prolif-
eration, was evaluated using immunohistochemistry and immunofluo-
rescence microscopy. Structural alterations within the skin layers were
quantified through automated image analysis, enabling high-throughput
analysis of histological changes across experimental groups.

Results As early as one week post-irradiation, WT skin exhibited marked
epidermal thickening, showing a reactive proliferative response to
radiation-induced injury. Interestingly, while the epidermis of H2A.J KO
mice also showed significantly increased thickening, this response was
delayed, peaking at two weeks post-irradiation. Following the resolu-
tion of the acute inflammatory phase, epidermal proliferation plateaued,
with no further increase observed by one month post-irradiation. Three
months post-irradiation, the epidermal thickness in both KO and WT
mice returned to baseline levels comparable to those of non-irradiated
controls.

Conclusions Radiation-induced DNA damage triggers apoptosis and
cellular senescence in the epidermis, with the ensuing senescence-
associated inflammatory response potentially impairing tissue repair
and promoting chronic fibrotic changes. In H2A.J KO skin, this reactive
proliferation is noticeably delayed compared to WT skin, yet more pro-
nounced. These observations underline the critical role of H2A.J in shap-
ing the skin's response to radiation injury, likely through its influence on
the induction of cellular senescence and the regulation of inflammatory
gene expression. The significance of H2A.J with regard to chronic fibrosis
will be investigated in future studies.

Trial registration and/or ethics approval number Animal testing
license (TVA 27-2021).
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Background Radon, a radioactive gas emanating in the ground from
uranium-238 decay, accumulates in indoor air and is a known risk fac-
tor for lung cancer. This has been proven by large epidemiological stud-
ies. Further biological effects as well as age- and sex-specific molecular
mechanisms related to radon exposure are less well studied. Radon
and its decay products release high energetic alpha particles that cause
direct DNA damage and oxidative stress. Except DNA damage in directly
targeted cells, effects in chronically low exposed humans remain largely
unexplored. A high-quality biobank is essential to address these knowl-
edge gaps.

Materials and methods In a nationwide survey, radon indoor concen-
tration, was measured in more than 7,400 dwellings in two rooms for
usually 1 year in Germany. Based on this data, households with high and
low exposure were selected, and biological samples are being collected.
Blood, blood plasma, saliva, sputum, nasal- and oral mucosal swaps are
being sampled from 600 individuals (adults and minors) from households
with high (>300 Bg/m?) and low (<40 Bg/m?) radon exposures. Ques-
tionnaires will gather data on time and activity spent in dwellings, health
status, lifestyle and other occupational or medical exposures. Specimen
are collected from people at home and sent to BfS for further preparation.
Samples will be prepared for various analyses (including gamma-H2AX
and chromosomal studies) and cryopreserved at the Federal Office for
Radiation Protection (BfS).

Results Informed consent, study information, questionnaire and stan-
dardized operating procedures have been set up. Ethical and data pro-
tection approvals have been obtained. 407 high-exposure and 2,513
low-exposure households have been identified and contacted. 111 high-
exposure households have already agreed to participate (January 2025).
Low exposed participants will be matched by age and smoking status.
Sample collection has started. Project completion is anticipated by 2026.
Conclusions The radon biobank, which is currently being estab-
lished, will provide a diverse sample repository enabling novel research
approaches, from genomic studies to analyses of the transcriptome, epig-
enome, microbiome, and proteome, particularly inflammatory cytokines
in groups with contrasting radon exposure. The biobank will be acces-
sible to external research groups, fostering collaborative efforts in radon-
related health research.

Acknowledgements Special thanks to Ulrike Goedecke from the UMG
who is responsible for collecting the samples, Juliane Patzold, Saskia
Pautz, Felix Kastle and Sven Draheim for preparation and management of
the samples at the BfS.

Trial registration and ethics approval number DRKS0003472; 24020
(Ethik-Kommission der Bayerischen Landesdrztekammer), 26/2/24 (Ethik-
Kommission der Universitatsmedizin Gottingen).
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Background Radiotherapy (RT) plays a pivotal role in the multimodal
treatment of breast cancer, including various irradiation regimens such
as fractionated, hypofractionated and ablative approaches. Emerging
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evidence suggests that irradiation with higher single doses may (re)acti-
vate anti-tumor immune mechanisms. In this process, the characteristics
and extent of irradiation-induced cell fate decisions play a crucial role.
Here, we provide a comprehensive in-depth characterization of irradi-
ation-induced cell death mechanisms, with a special focus on the regu-
lated necrotic cell death forms necroptosis and pyroptosis.

Materials and methods In this study, irradiation-induced cell fate deci-
sions were analyzed in a panel of 14 breast cancer cell lines and 2 non-
malignant mammary epithelial cell lines via AnxV/PI flow cytometry after
single dose irradiation with 10 Gy. To further subclassify the necrotic cell
death fraction, established inhibitors were applied, and the identified
cell death pathways were subsequently verified using specific stimula-
tors for necroptosis and pyroptosis. The expression and activation of
key regulator proteins were assessed through Western Blot analysis and
immunofluorescence.

Results Single dose irradiation with 10 Gy predominantly induced
necrotic phenotypes in our breast cancer cell line panel. The subclassifica-
tion of the necrotic fraction using established inhibitors, along with the
analysis of the expression levels of key regulators, revealed a prevalence
of necroptotic and pyroptotic cell death forms, particularly in triple-nega-
tive breast cancer cells.

Conclusions Our results indicate that necroptosis and pyroptosis are the
predominant cell fate decisions in breast cancer cells after irradiation with
10 Gy. The molecular mechanisms and the resulting immunological con-
sequences of irradiation induced necroptosis and pyroptosis are currently
under investigation.

Acknowledgements This project is funded by the Wilhelm Sander-Stif-
tung (2020.026.2) and FoFole (36/2024).
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Background Overexpression of inhibitors of apoptosis proteins (IAPs) is
one of the mechanisms by which cancer is thought to evade apoptosis.
Apoptosis is triggered by DNA damage but largely impaired in glioblas-
toma (GBM) partly due to the high IAP expression. Therefore, we hypoth-
esize that IAP inhibition might release apoptotic cell death and synergize
with irradiation (IR). Here, we investigate the impact of the IAP inhibi-
tor xevinapant (XP) combined with IR on IAP expression, cell death and
intrinsic TNFa activity in GBM cells.

Materials and methods Primary GBM cells from three different patients,
p53-mutated (p53-m): P0306 and p53-wildtype (p53-wt): P0297) and four
established cell lines (p53-m: T98G, LN405; p53-wt: A172, DBTRG) were
analyzed. After treatment with XP (20 puM), infliximab (IFM, 10 pg/ml) and
2 h later IR (8 Gy), metabolic activity (WST-1), apoptosis (Annexin-V) and
TNFa (MSD V-plex TNFa assay) were measured. Expression of IAPs (clAP1,
clAP2, XIAP) was examined by flow cytometry.

Results In cell lines, IR led to a 1.9-fold increase of clAP1 and 1.6-fold of
XIAP fluorescence intensity. This was reduced by XP to 0.9-fold of control
level but only for clAP1 (n=4, p<0.05). Primary cells responded similarly,
IR led to a higher induction of clAP1 vs. XIAP and again, XP reduced only
clAP1 levels (n=2). Basal clAP2 level were hardly detectable but induced
by IR and remained nearly unchanged by XP in all cells. Reduction of
metabolic activity was pronounced by combined XP+IR treatment to
0.59£0.12 compared to single treatments (XP: 0.75+0.17; IR: 0.73+0.08;
n=3; p<0.05 vs. IR) in primary GBM cells (untreated control=1). A cell
line-dependent differential response was found in DBTRG and LN405
(XP+1R: 0.73 and 0.017). IR-induced apoptosis was detected in p53-wt
(P0297) but not in p53-m (P0306) cells. However, we observed a threefold
rise of apoptotic cells by combined XP+IR vs. IR treatment (n=2). Simi-
lar results were found in 3 of 4 GBM cell lines, with highest response in
LN405 again (p <0.05; n=3) going along with induction of TNFa secretion
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(3/4) which was highest in LN405 cells. Here, inhibition of TNFa secretion
with IFM reduced the percentage of apoptotic cells by 30%.

Conclusions IAP inhibition enhanced the IR-induced apoptosis in pri-
mary and permanent, p53-wt and p53-m GBM cells. Our results indicate
that differential cell death responses might partly depend on autocrine
TNFa secretion, warranting further investigations into its potential as pre-
dictor for IAP-inhibitory drug response.

Trial registration and/or ethics approval number Patients provided
written informed consent according to German laws and in accordance
with the 1964 Helsinki declaration and its amendments, as confirmed by
the local ethical committee (144/08-ek).

Acknowledgements We thank Frank Gaunitz (Dep. of Neurosurgery,
Leipzig) for primary cells and Anja Saalbach (Dep. of Dermatology,
Leipzig) for technical support.
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Background Malignant melanoma is the most aggressive and lethal form
of skin cancer, with its main etiological factor being exposure to ultravio-
let (UV) radiation. While UV-radiation is well-established as a significant
cause, the exact cell of origin for melanoma remains elusive. There are
two prevailing theories regarding the cells of origin of melanoma: the
classical theory, which suggests that melanoma arises from fully differ-
entiated epidermal melanocytes or melanocyte stem cells located in the
bulge region of hair follicles, and the alternative theory, which proposes
that multipotent dermal stem cells (DSCs), capable of differentiating into
melanocytes, serve as the cellular origin of melanoma. UV-radiation, par-
ticularly UVA (320-400 nm), which penetrates deeply into the dermis, and
UVB (280-320 nm), which affects the epidermis and the upper dermis, are
known environmental carcinogens contributing to melanoma develop-
ment. The multipotent DSCs are located in the dermis and thereby are
potentially exposed to UVA and UVB-radiation. It is unclear if and how
UV-radiation influences DSC differentiation into melanocytes, and what
consequences pre-damaged DSCs will have for the differentiated mela-
nocytes. This study explores the impact of UVA, UVB, and combined
UVA+B irradiation on DSC differentiation into melanocytes. To this end,
it is being investigated whether DSCs completely repair UV-induced DNA
damage (cyclobutane pyrimidine dimers, CPD) before differentiation is
initiated, or whether CPDs are still detectable during the differentiation
process and in melanocytes.

Materials and methods DSCs were isolated from human foreskin tissue,
cultured in stem cell medium and purified by using MACS® immunomag-
netic cell sorting with NGFRp75 labeling, achieving stem cell frequencies
exceeding 95%. Highly pure DSCs were cultured to 80-90% confluency
and exposed to different single and multiple UV radiations After 24 h,
cells were transferred to melanocyte differentiation medium and cultured
for 12 days with medium changes every 2-3 days. Melanocyte differentia-
tion was evaluated through immunostaining and quantitative PCR (qPCR)
for melanocytic markers like MITF, TRP1, and HMB45. CPDs are detected
with immunofluorescent staining at various times during the differen-
tiation process. The analysis is carried out using a confocal laser scanning
microscope (Leica Stellaris 5).

Results Single UVA, UVB, and UVA+B irradiation of DSCs induced mor-
phological changes while not altering the expression of melanocyte-spe-
cific markers. These findings suggest that UV exposure do not alter the
overall differentiation outcomes when compared to non-irradiated cells.
Detailed analysis of differentiation state dependent CPD repair as well as
the effects of multiple UV irradiations are under investigation.
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Conclusions The data on repair of UV-induced DNA-damage (CPD) in
dependence of differentiation state of the cell (from DSCs up to mela-
nocytes) will give important information on the cell of origin of mela-
noma and thus will help to elucidate the mechanisms of melanoma
development.

Trial registration and/or ethics approval number All cells were iso-
lated from human foreskins derived from routine circumcisions. Obtain-
ing ethics approval was not required. The legal guardians of the children
gave informed consent before donation of foreskin samples.
Acknowledgements This project is funded by BMBF FKZ 02NUK083A.
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Background Neutrons pose an increased risk of health consequences
in various exposure scenarios due to their energy-dependent increased
relative biological effectiveness (RBE), including in radiotherapy, manned
space flight, nuclear environments, and radiation accidents. Despite
extensive historical cytogenetic data, the induction, complexity, and
repair of neutron-induced DNA damage has been virtually unstudied at
the molecular level.

Materials and methods Venous whole blood samples from 2 healthy
donors were irradiated with 140 kV X-rays (dose range: 0-4 Gy), monoen-
ergetic neutrons (556 keV and 1.2 MeV, dose range 0-100 mGy and
0-200 mGy, respectively) or a neutron fission spectrum (0.1-8 MeV, dose
range 0-1 Gy). Samples were processed for quantification of DNA dou-
ble-strand breaks (DSBs) as foci of surrogate markers yH2AX, 53BP1, and
phospho-RPA 2 h and 24 h after irradiation in G1 lymphocytes, the cytoki-
nesis block micronucleus (CBMN) assay and unstable (Giemsa staining) as
well as transmissible and complex (mFISH staining) chromosomal aberra-
tions in first post-exposure metaphases and G2 prematurely condensed
chromosomes.

Results The CBMN assay confirmed an increased mean neutron RBE
based on the linear regression coefficient of the dose-response relation-
ships, which was 7.4 for 556 keV, 6.1 for 1.2 MeV, and 6.0 for the fission
spectrum. However, the dose-dependent linear induction of colocaliz-
ing YH2AX and 53BP1 foci per cell 2 h after irradiation was comparable
between X-rays (10.3 foci/Gy) and 556 keV (10.1 foci/Gy) or 1.2 MeV (10.3
foci/Gy) neutrons. We were able to demonstrate complex DSBs and their
resection-dependent repair by successfully detecting colocalizing yH2AX
and phospho-RPA foci in G1 lymphocytes 2 h after fission spectrum expo-
sure. Preliminary mFISH screenings confirmed the high and complex bur-
den of chromosomal aberrations due to neutron exposure, which we will
examine in detail.

Conclusions Our data confirm the increased RBE of neutrons at vari-
ous energies for cytogenetic effects. However, demonstrating the differ-
ential impact of radiation qualities on the complexity of DSBs required
resection-dependent repair markers, which can be implemented for
biodosimetric purposes after radiation accidents. The transmissibility and
complexity of neutron-induced chromosomal damage will shed light on
the health consequences including carcinogenic risks.
Acknowledgements As part of the PhyBioN project, the BMBF, Grant
02NUKO084A, supported this study.

Trial registration and/or ethics approval number Ethical approval
was obtained from the Medical Association of Rhineland-Palatinate [No.
2023-17191].
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Background The incidence of melanoma increased over the past
decades. Although it accounts only 1% of skin cancers, melanoma is
responsible for more than 80% of skin cancer mortality. The etiology of
malignant melanoma (MM) is very complex and involves both environ-
mental and genetic factors. Epidemiological studies have identified UV
radiation as the main risk factor for the development of MM, especially
recurrent, intense sun exposure. Both ultraviolet A (UVA) radiation (320 to
400 nm) and ultraviolet B (UVB) radiation (290 to 320 nm) contribute to
the development of melanoma. It has been suggested that differentiated
epidermal melanocytes accumulate UV-induced mutations in oncogenes
and tumor suppressor genes and progressively degenerate to metastatic
MM. Recently, melanocytic stem cells (MSCs) have been identified as
potential target cells for the carcinogenic effect of UV radiation. Besides
MSCs in bulge region of hair follicles, neural crest-derived dermal stem
cells (DSCs) represent a reservoir for melanocytes. UVA can penetrate into
the dermis and UVB to some extend into the upper layers of the dermis
and therefore has the potential to damage stem cells localized there. It is
assumed that during differentiation to melanocytes, DSCs migrate from
the dermis to the epidermis and are subsequently exposed to increasing
doses of UVA and UVB.

Stem cells differ from differentiated cells in several aspects such as cell
cycle distribution, gene expression, chromatin organization, epigenetic
pattern, and DNA damage response. Increased apoptosis rate in dam-
aged stem cells is a well-known phenomenon as a protective mechanism
against carcinogenesis. Therefore, when considering MM genesis, it is cru-
cial to understand how DSCs cope with UV exposure.

Materials and methods Human primary DSCs are isolated from juvenile
foreskin. UV exposure is performed as single and multiple irradiations for
UVA, UVB and their combination. The effects of UV exposure for DSCs
compared to fibroblasts and melanocytes from the same donors are ana-
lyzed by flow cytometry for assessment of cell cycle and apoptosis and
by western blot for checkpoint protein analysis. Histone modification
changes are detected by immunofluorescence.

Results Results for cell cycle perturbations in DSCs, fibroblasts and mela-
nocytes as well as radiation sensitivity will be presented.

Conclusions Understanding the UV damage response in dermal stem
cells is essential for elucidating melanoma initiation and progression.
Trial registration and/or ethics approval number All cells were iso-
lated from human foreskins derived from routine circumcisions. Obtain-
ing ethics approval was not required. The legal guardians of the children
gave informed consent before donation of foreskin samples.
Acknowledgements This project is funded by BMBF FKZ 02NUK083.
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Background The colony formation assay (CFA) and the limiting dilution
assay (LDA) are two widely used methods to quantify self-renewal capac-
ity and clonogenic cell survival in vitro. Both methods measure the ability
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of single cells to form colonies, CFA directly through the number of colo-
nies grown from given numbers of single cells, LDA indirectly through
the proportion of successful growth events in setups with diluted cell
numbers. Both assays offer essential insights into clonogenic potential
but are fundamentally based on the assumption that individual cells act
independently. This assumption is frequently violated due to cooperative
or competitive interactions, introducing bias and high uncertainty into
clonogenicity measurements.

Materials and methods By generalizing the mathematical model for clo-
nogenicity quantification from the special case of non-interacting single
cells to power-law relationships between cell numbers and growth success
rates, we relax the strict statistical assumption of cellular independence.
This allows for a more accurate fit of experimental observations influenced
by cooperative or competitive interactions and thus enables a more com-
prehensive determination of the effective clonogenicity. The derived math-
ematical equations are analyzed for uncertainties and error propagation.
Results Due to the nature of mathematical generalizations, the non-
cooperative and non-competitive case remains unchanged and is seam-
lessly integrated into the updated versions of both analyses. For all other
scenarios, the updated equations provide more robust and reliable clono-
genicity measurements and are made accessible through the R packages
CFAcoop and LDAcoop, as well as online tools (or an Excel tool in the case
of CFAcoop). These tools enable users to apply the generalized models
without requiring advanced statistical or programming expertise.
Conclusions Disregarding possible deviations from the assumption of
independent cell behavior introduces systematic biases in the measure-
ment of clonogenic potential in mammalian cells and, consequently, in
the analysis of survival fractions after treatment. The use of the provided
tools, CFAcoop and LDAcoop, enables robust and reliable quantification
of clonogenic potential while accounting for cooperative and competi-
tive effects in the clonogenic growth of cell populations.

Funding This work was supported by the Deutsche Forschungsgemein-
schaft DFG (SFB1321, Project-ID 329628492, P16), the Bundesministe-
rium fuer Bildung und Forschung BMBF (ZiSStrans NUK047A, NUK047C,
METABOLIST 02NUK061A, NUK061C, SeniRad 02NUK086A and DKTK) and
the International graduate program iTarget (Elitenetzwerk Bayern).
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Background lonizing radiation is used in radiotherapy to treat various
types of cancer. In order to study DNA repair different cancer and non-
cancer (control) cell lines can be used. DNA double strand breaks (DSB),
induce the formation of yH2AX foci followed by attaching and detach-
ing of repair proteins. The cell nucleus, however, is a complex system in
which simultaneous reactions and functions take place to keep the cell
well-running. Between chromatin, there is space for trafficking of the
repair proteins. In order to improve the accessibility of the damage sites
the whole system “cell nucleus”responds by chromatin reorganization.
Materials and methods In this study, super-resolution Single Molecule
Localization Microscopy (SMLM) was applied in combination with math-
ematical analyses of point patterns (Ripley statistics, persistent homol-
ogy, persistent imaging and principal component analysis (PCA)) of the
molecular label coordinates obtained [1]. These geometric and topo-
logical analyses were used to investigate the chromatin dynamics dur-
ing repair processes and to correlate the outcome with radio-sensitivity.
Spatial structures of yH2AX and 53BP1 labelling sites were analyzed in
relation to their repair mechanisms. Nanoscale differences of chromatin
and repair foci organization between cancer and non-cancer cells may
explain basic mechanisms of repair processes.
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Results PCA on the whole chromatin topology showed a high variance
for all cell lines, which was cell type-specific [2]. The results showed that
DNA damage responses were embedded into a response of the whole
chromatin system [3,4]. The whole chromatin topology revealed a cyclic
movement in the latent space of the two major principal components
during a successful repair of DNA-DSBs non-cancer cells. This means that
after repair the chromatin topology reached the non-irradiated control
again [1]. In contrast, a successful repair outcome in cancer cells could
reveal a non-cyclic outcome, i.e. the chromatin topology was different
after repair from the non-irradiated cells. The topology of yH2AX and
53BP1 clusters also revealed repair time depending cyclic course in the
latent space for the different cell lines depending on the radiation and
treatment applied.

Conclusions Principal component analysis proved to be a powerful tool
to determine basic topological features. The results support the hypoth-
esis that chromatin organization correlates with radio-sensitivity and
impacts the control of repair.

Acknowledgements The financial support of M.H. by the German Fed-
eral Ministry of Education and Research (BMBF; project FKZ: 02NUK058A)
and the Deutsche Forschungsgemeinschaft (DFG; project no. HA1601/16-
1) is gratefully acknowledged.
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Background The hippocampal formation, along with various cortical
regions, is vital for short-term memory and learning. A process known
as adult neurogenesis—primarily occurring in the dentate gyrus—is
essential for these cognitive functions [1]. Our previous research demon-
strated that the histone variant H2AJ is incorporated into nuclear chro-
matin through epigenetic mechanisms following ionizing radiation (IR),
influencing gene expression and cellular activities associated with radia-
tion-induced senescence. In this study, we aimed to explore the patho-
physiological role of H2A.J in the brain's response to IR [2].

Materials and Methods Wild-type (WT) and knockout (KO) mice were
subjected to either a single dose of 10 Gy IR or fractionated IR consisting
of 5 doses of 2 Gy each. 24 and 72 h post-irradiation, animals were anes-
thetized, perfused, and their brain tissues collected. Brain sections from
both irradiated and non-irradiated age-matched controls were stained for
markers such as DCX, SOX2, GFAP, and OLIG2. Automated image analysis
was used to quantify different cell populations within the hippocampus.
Results Neurogenesis was markedly diminished in brains of non-irradi-
ated KO mice, evidenced by scarcity of DCX+and SOX2 + neuroprogeni-
tors. Following IR exposure in WT mice, there was a substantial decline
in neurogenesis accompanied by reactive increase in GFAP +astrocytes
and OLIG2 +oligodendrocytes within the hippocampus; most glial cells
exhibited radiation-induced H2A.J expression. Conversely, KO mice did
not show a similar glial cell increase after IR.

Conclusions The absence of H2AJ in KO brains results in significantly
reduced neurogenesis even without IR exposure. Additionally, KO brains
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seem to have a diminished capacity to respond effectively to radiation-
induced damage in the hippocampus. These findings suggest that H2A.J
plays a critical epigenetic role in maintaining neurogenesis and facilitat-
ing regeneration following radiation injury within the hippocampal niche.
Trial registration and/or ethics approval number Animal experiment
licence TVA 29-2020.
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Preclinical studies have demonstrated that ultra-high dose rate radia-
tion spares normal tissue, while tumor responses have thus far remained
equivalent to those observed with conventional dose rates. This phenom-
enon is referred to as the FLASH effect. This differential response holds
promise for improved clinical outcomes; however, significant uncertain-
ties persist regarding the underlying biological mechanisms of FLASH
radiotherapy.

Current evidence suggests that multiple factors may modulate the extent
of tissue sparing, including dose rate, temporal irradiation pattern, tissue
type, total dose, and fractionation schedule. We have systematically inves-
tigated the FLASH effect through a series of in vivo studies employing
both proton and electron FLASH modalities, utilizing a well-established
murine leg model at the Danish Centre for Particle Therapy [1-4]. These
investigations have encompassed the influence of dose rates, temporal
structure, fractionation, and oxygenation levels within the irradiated tis-
sue. By concurrently assessing two normal tissue endpoints, acute skin
toxicity and radiation-induced fibrosis, in the same animals, we enabled
a direct comparison of the endpoint-specific manifestations of the FLASH
effect.

Our findings indicate that the magnitude of the FLASH effect is influ-
enced by both dose rate and fractionation, with notable differences
observed between acute and late tissue responses. Furthermore, the
detected FLASH effect is contingent upon the dose sensitivity of the
assay employed, highlighting that conclusions drawn from single-
dose experiments, such as the determination of a dose rate threshold
for FLASH, are inherently dependent on the sensitivity of the analytical
method utilized [5].

Acknowledgements Some of the included studies are financially sup-
ported by Varian.

References

1. Kristensen L, Rohrer S, Hoffmann L, Praestegaard LH, Ankjeergaard C,
Andersen CE, et al. Electron vs proton FLASH radiation on murine skin
toxicity. Radiotherapy and Oncology. 2025; 206:110796.

2. Kristensen L, Poulsen PR, Kanouta E, Rohrer S, Ankjeergaard C, Andersen
CE, et al. Spread-out Bragg peak FLASH: quantifying normal tissue toxicity
in a murine model. Front Oncol. 2024; 14:1427667.

3. Overgaard CB, Reaz F, Sitarz M, Poulsen P, Overgaard J, Bassler N, et al.
An experimental setup for proton irradiation of a murine leg model for
radiobiological studies. Acta Oncol. 2023; 62:1566-1573.



Radiation Oncology (2025) 1:163

4. Serensen BS, Krzysztof Sitarz M, Ankjeergaard C, Johansen J, Andersen
CE, Kanouta E, et al. In vivo validation and tissue sparing factor for acute
damage of pencil beam scanning proton FLASH. Radiother Oncol. 2022;
167:109-115.

5. Serensen BS, Kanouta E, Ankjaergaard C, Kristensen L, Johansen JG,
Sitarz MK, et al. Proton FLASH: Impact of Dose Rate and Split Dose on
Acute Skin Toxicity in a Murine Model. Int J Radiat Oncol Biol Phys. 2024;
120:265-275.

b) Proffered papers—Oral presentation

B-O1

Hypofractionated particle therapy improves tumor control and
preserves healthy tissue in brain tumor organoids

Tamara Bender'*, David R Grosshans?, Marco Durante'?, Insa S
Schroeder’

'GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, Darmstadt,
Germany; “Department of Radiation Oncology, Division of Radiation
Oncology, The University of Texas MD Anderson Cancer Center, Houston,
TX, USA; 3Institute for Condensed Matter Physics, Technische Universitat
Darmstadt, Darmstadt, Germany

*Correspondence: Tamara Bender (tbender@gsi.de)

Radiation Oncology 2025, 20(s1):B-O1

Background Hypofractionation is often used in C-ion radiotherapy
thanks to the high precision of the heavy ion beams. However, reduc-
ing the number of fractions can lead to increased normal tissue toxicity.
We compared the toxicity and tumor cell killing of 1 fraction (15 Gy) vs. 3
fractions (3x 7.5 Gy) with an equivalent biologically effective dose (BED)
for tumor (a/B=10 Gy) using human cerebral organoids as brain cancer
model.

Materials and methods Normal brain organoid slices generated using
human pluripotent stem cells and cultured alone or with genetically
modified brain tumor-like cells (GFP*/cMYCM" and/or P53~ /NF~/
PTEN™") in an autologous setting were irradiated with high-energy
C-ions and assessed for cell death, gene, and protein expression at mul-
tiple time points (7, 20, and 70 days) post-irradiation.

Results A single 15 Gy dose induced a transient increase in extracellu-
lar lactate dehydrogenase (LDH), a marker of necrosis, which was absent
after 3x7.5 Gy exposure. No significant changes in LDH levels were
observed at later time points in normal organoid slices. Tumor cell killing
was demonstrated by reduced GFP* cells and decreased cMYC mRNA
expression. At day 70 post-irradiation, regrowth of tumor-like cells was
observed after the single dose but not in the hypofractionated regimen.
Markers for astrocytes (GFAP) and neurons (MAP2) were largely unaf-
fected in normal organoid slices but increased in co-cultures after irradia-
tion, especially after single-dose exposure, compared to sham-irradiated
controls with low levels of these markers, attributed to the predominance
of tumor-like cells. The surrounding normal organoid astrocytic cells influ-
enced the radiosensitivity of GBM-like cells, their survival, and invasive
potential resembling tumor aggressiveness in the recurrence. No sig-
nificant changes in necroptosis marker MLKL were observed after irradia-
tion of normal slices, although MLKL expression decreased over time in
co-cultures.

Conclusions Hypofractionated C-ion radiotherapy results in reduced nor-
mal tissue toxicity and more efficient inhibition of tumor cell regrowth in
brain organoids at later time points compared to a single high dose at the
same BED. These findings suggest that hypofractionation may provide a
more favorable balance between therapeutic efficacy and normal tissue
preservation, particularly in the treatment of brain tumors. Our results
also underline the importance of cell-cell interactions between normal
and tumor tissue in response to GBM therapies.

Acknowledgements This project is supported by the German Federal
Ministry of Education and Research grant 02NUK049A and 02NUKO081A,
and the NIH grant TRO1CA256848-01.

Trial registration and/or ethics approval number Experiments were
conducted using the feeder-free human embryonic stem cell line WA09-
FI (H9), which was utilized in accordance with §4 and §6 of the German
Stem Cell Act (registry numbers 3.04.02/0125 and 3.04.02/0125-E01).
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Background In recent years, several clinical studies reported unex-
pected radiation-induced side effects in healthy brain tissue after proton
therapy [1]. There is speculation on the role of blood-brain barrier (BBB)
disruption promoting the development of side effects [2], with astrocytes
being an integral functional element of the BBB. To investigate the brain’s
response to proton radiation, a preclinical mouse model was established
at the University Proton Therapy Dresden [3]. Based on data from this
experiment, the aim was to evaluate the impact of dose on the spatial
distribution of astrocytes within the brain.

Materials and methods Mice were irradiated with collimated (4 mm)
proton beams, targeting the right hippocampus and stopping in the
right hemisphere. Different dose levels were considered with a single
fraction of 40-85 Gy or 0 Gy control. Mice were sacrificed after six months,
brains were excised, and the whole brain was axially cut and histologically
stained against eight markers. Here, a pipeline was established to ana-
lyze brain slices that were stained by glial acidic fibrillary protein (GFAP),
which targets astrocytes. A pilot study considers single mid-brain slices
including the hippocampus from an intermediate dose group (65 Gy) and
control cohort (0 Gy). The astrocytes were segmented after background
subtraction and applying Otsu threshold with Imagel). For each seg-
mented object, the centroid coordinates were calculated and counted
within tiles of 100 um x 100 um. For statistical analysis, a rectangular brain
sub-region was defined in the right hemisphere, which was centered
along the beam axis and contained the dose maximum, and was mir-
rored in the left hemisphere, which was not irradiated.

Results Comparison of the targeted right and the left hemisphere
showed a clear pattern of increased numbers of astrocytes on the irra-
diated side, roughly following the shape of the dose distribution. In
contrast, the astrocyte distribution within the 0 Gy control was highly
symmetrical, mainly following anatomical boundaries between brain
regions. The number of astrocytes in the evaluated rectangular sub-
regions was significantly higher for irradiated compared to non-irradiated
mice. However, for both irradiated and non-irradiated regions, the cere-
bral cortex showed lower astrocyte counts.

Conclusions Histological slices of mouse brains previously irradiated
with protons at the right hippocampus showed a clear dose-dependent
distribution of astrocytes with significantly increased numbers in high-
dose regions. Combined with analyses of other markers available in the
dataset, further insight into the role of the BBB in modulating radiation-
induced side effects is expected.
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Background The cyclin-dependent kinase inhibitor p21 is at the center
of the DNA damage response (DDR). It is activated by a wide variety of
genotoxic events, and promotes cell cycle arrest by inhibiting the activity
of cyclin-dependent kinases, the key regulators of cell cycle progression.
While this canonical function is well established, it remains questionable
whether all cells in a culture or tissue respond in a uniform manner. In
addition, the cell type and the dose and type of genotoxic stress may
also determine how DDR target genes such as p21 are affected, thereby
defining the nature and extent of the cellular response to a specific toxin.
Here, we set out to determine radiation- and toxin-specific kinetics of
p21 expression and, further downstream, cellular consequences of its
induction.

Materials and methods To monitor the individual p21 expression of cells
in a given culture of two different cell lines, we tagged the endogenous
CDKNT1A gene of HT-1080 (cancerous) and MCF-10A (benign) cells by fus-
ing the GFP sequence to it via CRISPR/Cas9 editing. We determined by
flow cytometry the dose—response relationship of p21 induction to differ-
ent radiation sources (X-rays, UVA, UVB) and genotoxic chemotherapeu-
tics (camptothecin, etoposide). By the same approach, we determined
the kinetics of yH2AX induction by these damages. We also generated by
CRISPR/Cas9 editing p21-knockout clones of both cell lines to uncover
by next generation sequencing (NGS) of their transcriptome potential
p21-specific cellular responses to radiation and genotoxins.

Results We find, in both cell lines, that X-rays, UVA and UVB radiation,
and the two anti-tumorigenic topoisomerase inhibitors camptothecin
and etoposide each have characteristic dose-response curves which
are similar to those of yH2AX induction. X-rays cause strictly linear dose-
dependent increases in p21-GFP expression, whereas UVA and UVB evoke
sigmoidal dose response curves. Both chemotherapeutics, however,
yield Michaels-Menton-like kinetics. In addition, first findings of our NGS
approach will be presented.

Conclusions Our findings indicate that p21-GFP-edited cell lines repre-
sent a universal cellular biomarker for highly diverse toxic stimuli. They
also show for the first time that p21 activation is specific to each dam-
age type, allowing qualitative comparison of cell responses to radiation
or anti-tumor drugs. Knowledge of transcriptional alterations in wild-
type versus p21-knockout cells may teach us whether the highly specific
p21-damage-response curves observed here translate to likewise dam-
age- and p21-dependent gene expression dictating whether a cell will
fully recover, senescence, or die by e.g. apoptosis.
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Background Radiotherapy is an essential element in the multimodality
treatment of advanced head and neck squamous cell carcinoma (HNSCC),
but despite aggressive therapy, the 5-year survival rate for advanced
HNSCC is only around 50%. The reasons for treatment failure are com-
plex but are mainly attributed to intrinsic radioresistance of tumor cells.
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Recent publications highlight an important role of cellular senescence
for radioresistant tumor phenotypes, but a deeper understanding of the
molecular mechanisms of senescence in tumor cells is still lacking. Fur-
thermore, so far, neither exclusive markers for senescence, nor universal
signatures are described to identify senescent tumor cells.

Materials and methods A panel of 11 human HNSCC cell lines was sys-
tematically characterized for intrinsic radioresistance and cellular senes-
cence after irradiation, and molecular profiling was conducted. Basal,
chemical- and radiation-induced senescence was quantified, character-
ized at the cellular level, and single cell and bulk transcriptome profiling
was performed to extract HNSCC-specific mechanisms of senescence. For
validation, publicly available datasets and two well-characterized internal
HNSCC patient cohorts were used.

Results There were distinct differences in senescence between individ-
ual cell lines, thus in-depth analyses were performed with selected cell
lines showing pronounced phenotypes. Preliminary RNA-Seq data sug-
gest specific transcriptomic changes associated with radiation-induced
senescence.

Conclusions Recently, cellular senescence gained great attention for
cancer treatment due to the availability of senomorphic and senolytic
drugs for clinical application. Therefore, there is an urgent need to reli-
ably identify senescent tumor cells. Furthermore, senescence programs
of tumor cells and different cell types of non-tumorous tissue are poorly
characterized so far. This study aimed at the identification of cell type-
specific differences in senescence mechanisms in order to identify poten-
tial molecular targets for more efficient therapy options in HNSCC.

Trial registration and/or ethics approval number Ethical approval (EA)
for this study was obtained by the ethics committee of the LMU (EA 312-
12,448-13,17-116).
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Background Radiation-induced lung injury, a severe side complication
following thoracic irradiations, was already linked to senescence of lung
epithelial cells, which together with the developing hypersecretory phe-
notype (SASP) determine normal lung toxicity. At the same time, altera-
tions in the membrane protein caveolin-1 (CAV1) are supposed to be
critically involved in lung tissue damaging processes also can act as regu-
lator of cellular senescence. However, a cell-type dependent role of CAV1
for radiotherapy (RT)-induced senescence remains to be clarified.
Materials and methods Using the preclinical mouse model of RT-
induced pneumopathy together with wild-type (WT) and CAV1-deficient
littermates we first investigated potential CAV1 alterations and senes-
cence marker expressions within irradiated lungs. In parallel, the impact
of RT on cellular features (cell cycle, viability, apoptosis/ cell death/ sur-
vival, senescence, colony formation) was investigated in vitro using
bronchial epithelial cells, lung endothelial cells and fibroblasts in a CAV1-
dependent manner in order to establish a potential CAV1-senescence-
axis. Beside classical 2D monocultures, the impact of cellular crosstalk
using transwell co-cultures systems of different normal lungs cells was
analyzed.

Results Lung irradiations in WT mice caused a decline of overall CAV1
levels, an effect that came along with RT-induced senescence in bron-
chial epithelium. Up to now, induced senescence could not be detected
in other cell types, e.g., endothelial cells or fibroblasts. At the moment,
the impact particularly of senescent fibroblasts in fibrosis-prone CAV1-
defincient animals of remains to be clarified in current investigations. RT
induced senescence levels in lung epithelial and endothelial cells could
not be linked to declining CAV1 levels. Declining CAV1 levels following RT
were observed in fibroblasts, together with induced senescence. A reduc-
tion of CAV1 levels in fibroblasts using shRNA in turn dis not impact on
the degree of senescence induction, although these cells are considered
to be more radioresistant. Currently, senolytic or/and or CAV1-targeting
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agents are investigated to modulate RT-induced senescence in monocul-
tures and more complex epithelial-fibroblasts spheroidal co-cultures to
gain more insights into the supposed CAV1-senescence axis and to finally
unravel potential radioprotective effects.

Conclusions Declining CAV1 levels following RT and induced senescence
could be observed only in lung fibroblasts. A connection between cel-
lular CAV1 levels and senescence maybe cell type- and/or tissue-depen-
dent. Herein, the spatiotemporal regulation of cellular CAV1 could be
decisive for the onset of (RT-induced) cellular senescence.
Acknowledgements Supported by grants of DFG/GRK2762/1 and BMBF
(02NUK086C).
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Background Radiotherapy with carbon ions is associated with an
increased biological effect per Gy, quantified by the Relative Biologi-
cal Effectiveness (RBE). It is considered in treatment planning by the use
of dedicated RBE models. Non small cell lung cancer (NSCLC) has been
successfully treated with hypofractionated carbon ion therapy at the
National Institute of Radiological Sciences (NIRS) in Japan, where the
Microdosimetric Kinetic Model, based on radiobiological data for HSG
cells, was used to predict the RBE. In contrast, in European facilities, the
Local Effect Model (LEM) | is used and conventionally an a/B=2 Gy is
assumed. While conversion strategies have been developed, we here
investigate the impact of (i) changing to a more recent and improved
model LEM IV and (i) of adopting o/ =6 Gy which has shown to be more
representative of late lung tissue response to radiation.

Materials and methods Four test geometries were selected to reflect
early and locally advanced stage NSCLC at two different depths. For RBE
calculation with LEM IV, a/B=6 Gy was chosen in agreement with dose
response studies for NSCLC. Treatment plan optimizations were con-
ducted with the GSI in-house treatment planning system TRiP98. Multiple
optimized LEM treatment plans were inspected to find those best match-
ing the NIRS physical target dose distributions, thereby finding dose con-
version factors between MKM and LEM.

Results Prescribed doses needed for a NIRS-matched biological response
were strongly dependent on the choice of model as well as the a/8 ratio.
The higher the number of fractions, the higher doses with LEM IV relative
to those with MKM had to be selected to receive similar biological effect.
For deeper or smaller targets, lower doses had to be prescribed with LEM
than for bigger targets or smaller depths. These characteristics can mainly
be attributed to the stronger RBE variation with depth of LEM IV due to
a higher weighting of complex DNA damage predominantly caused by
high LET radiation. This RBE variation is less pronounced for /=6 Gy as
compared to 2 Gy.

Conclusions Choice of model and the a/f ratio strongly impact transla-
tion between treatment planning systems based on different RBE models.
Target geometry also had an impact, although to a smaller degree. Con-
sideration of the appropriate a/f ratio allows the derivation and investiga-
tion of biologically oriented treatment plans for lung cancer with LEM IV.
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Background The highly radioresponsive hematological system is
affected in almost every exposure scenario to ionizing radiation. Whole
transcriptome analyses offer a comprehensive view of radiation-induced
effects in the blood, delivering valuable insights for biodosimetry in radia-
tion accidents or immune-related responses to radiotherapy.

Materials and methods Medium diluted whole blood samples from 2
male donors and 1 female donor were exposed to 0, 0.5, 1, 2, and 4 Gy
of X-rays and incubated for 2 h and 6 h at 37 °C. Whole RNA was isolated
and sequenced with lllumina. Differentially expressed genes (DEGs) were
extracted and considered significant at a false discovery rate (FDR) cut-
off of 0.05. Functional enrichment analysis was performed using Cluster-
Profiler R package. Transcription factor inference activity was calculated
using decoupleR package.

Results Gene expression was subject to strong inter-donor variation and
time post-exposure. After 0.5, 1, 2, and 4 Gy X-rays exposure, 5, 33, 84, and
364 genes (2 h) and 72, 99, 274, and 607 genes (6 h) were differentially
expressed, compared to 0 Gy. The corresponding number of the inferred
significantly regulated transcription factors was 255, 253, 274, and 292
after 2 h and 214, 245, 262, and 279 after 6 h. In sham-irradiated blood,
924 DEGs and 126 transcription factors were affected by ex vivo incuba-
tion alone. Low X-Ray doses<1 Gy stimulated DNA damage response,
while high doses >2 Gy triggered additional proinflammatory responses.
Interestingly, we identified 34 DEGs that were not previously described
as radiosensitive genes. Among these genes, 8 and 9 showing significant
positive or negative correlations with dose, respectively, including GPN1,
MRM2, GO2S, and PTPRS.

Conclusions This first genome-wide RNA-Seq study of ex vivo X-Ray-
irradiated human blood reveals novel radiosensitive genes and pathways,
enhancing the understanding of the consequences of diagnostic, thera-
peutic, or accidental exposures on the highly radioresponsive hemato-
logical system.

Trial registration and/or ethics approval number As part of the Phy-
BioN project, the BMBF, Grant 02NUK084A, and the DFG, Grant 318346496
- SFB1292/2 TP19N supported this study. The study involves human par-
ticipants, and the ethical approval was obtained from the Medical Asso-
ciation of Rhineland-Palatinate No. 2023 - 17191.
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Background Irradiation of cells can provoke different cell responses such
as apoptosis, necrosis, differentiation but also senescence, depending on
the dose and the cell system investigated. Previous studies have shown
that irradiation of tumor-associated fibroblasts can result in the devel-
opment of an inflammatory phenotype and senescence, contributing
to therapy resistance and tumor progression. Reactive oxygen species
(ROS) play a role in stress-induced senescence. Increased ROS concen-
trations and autofluorescence also correlate with senescence in tumor
and normal tissue cells. The aim of the project was to establish ROS and
autofluorescence measurements for the detection of radiation-induced
senescence in breast carcinoma cells.

Materials and methods The breast carcinoma cell lines MCF-7, BT549
and HCC1937 were irradiated with a single dose of 8 Gy (X-rays). Cellular
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autofluorescence and ROS (2,7'-dichloro- dihydrofluorescein diacetate)
were measured by flow cytometry at 0, 1, 2, 4 and 7 days after irradiation
assessing mean fluorescence intensities (MFI).

Results Irradiation of MCF-7 cells increased the intracellular ROS levels
already on day 1 to 1400778 MFI compared to 966469 MFI in non-irra-
diated cells. ROS levels were significantly increased on day 2 (1404230
vs. 715364 MFI), day 4 (1232043 vs. 652459 MFI) and reached a 2.4-fold
increase on day 7 (1127938 vs. 466069 MFI). BT549 cells showed a sig-
nificant 1.42-fold ROS induction on day 1 after 8 Gy (565078 vs. 398469
MFI), and a 1.56-fold induction from 455344 MFI in control cells to 709126
MFl in irradiated cells. In contrast, HCC1937 cells only showed a 1.33-fold
increase on day 1 (1092468 vs. 819204 MFI), while no difference between
irradiated and non-irradiated cells was measurable on day 7. The detec-
tion of autofluorescence confirmed the cell line-dependent senescence
induction with lower values between 3000 and 9400 MFI.

Conclusions Irradiation induces more senescence in MCF-7 cells com-
pared to BT549 and HCC1937 cells. The induction of radiation-induced
ROS levels correlates with increased autofluorescence of irradiated breast
carcinoma cells. Both methods seem feasible to determine radiation-
induced senescence, which will be verified in further studies on normal
cells and in comparison with other measuring techniques.
Acknowledgements This work was supported by: German Federal Minis-
try of Education and Research (BMBF), SeniRad, 02NUK086A, 02NUK086D
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Background Non-small cell lung carcinoma (NSCLC) and its still poor sur-
vival prospects are a continuing challenge for radiotherapy. Therapy with
carbon ("*C) ions enables the optimal protection of healthy lung tissue
and surrounding organs. We analyze the DNA double-strand break (DSB)
repair and the effect of ?C-ion radiation on the PI3K/mTOR & MAPK path-
ways with a human ex vivo assay of lung tumor tissue.

Materials and methods Precision cut lung slices (PCLS) were excised
during surgery and treated with the PI3K & mTOR inhibitor NVP-BEZ235.
Following the treatment, the PCLS were irradiated with 1 Gy '2C ions or
3 Gy photons and fixated after 1 and 24 h. The PCLS got sliced to 5 um
thickness with a cryotome and placed on microscopy slides. The slices
were stained with immunofluorescence against the DSB marker pro-
teins 53BP1 and yH2AX. The slides were viewed under a fluorescence
microscope and the recorded images were automatically analyzed with
ImagelJ/FlI software for their foci counts.

Results We generated PCLS from 5 patients. All samples showed a high
induction of DSBs at 1 h after irradiation. The initial high amount of DSBs
could be repaired after 24 h except for a small proportion of residual
DSBs. The ongoing analysis reveals a patient/tumor-sample individual
response towards irradiation. Over all patients tumors assayed, the
BEZ235 samples showed a greater amount of foci compared to the irradi-
ated DMSO control.
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Conclusions The ex vivo assay is a well-suited tool to analyze active com-
ponents like PI3K/mTOR inhibitors in combination with different radia-
tion types in the human tumor environment. With this method we can
show the radio-sensitizing effect of BEZ235 after '>C-ion irradiation in
human lung tumor tissue. If radiotherapy can be combined with sensitiz-
ing inhibitors that are administered at a low dose, then the surrounding
healthy tissue can be better protected due to a possible dose reduction
during therapy.
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Background Melanoma represents the most aggressive and lethal form
of skin cancer, with ultraviolet (UV) radiation exposure serving as a pri-
mary etiological factor. The precise identity of the progenitor cell harbor-
ing the DNA damage necessary for melanoma initiation remains an area
of active investigation. According to the traditional paradigm, melanoma
originates from transformed, mature epidermal melanocytes or mela-
nocyte stem cells residing in the bulge region of hair follicles. However,
an alternative hypothesis has recently gained traction, suggesting that
extrafollicular melanocyte stem cells, specifically dermal stem cells (DSCs)
located within the human dermis, may function as the cell of origin.
These multipotent precursors, derived from the neural crest, are of partic-
ular interest due to their dermal localization, which subjects them to UVA
radiation, capable of penetrating deeper tissue layers, and UVB radiation,
which predominantly affects the superficial dermis.

Materials and methods This study involved the isolation of dermal stem
cells (DSCs) from juvenile human foreskin to investigate the molecular
and transcriptomic responses to solar ultraviolet (UV) radiation in com-
parison to melanocytes. The UV-induced DNA damage response was
characterized by analyzing temporal transcriptomic changes at early
(6 h post-irradiation) and late (24 h post-irradiation) intervals. DSCs and
melanocytes were extracted from foreskin samples (n=5) and exposed
to controlled single and repetitive UVB radiation doses. Comprehensive
donor-matched transcriptomic profiling was conducted using bulk RNA
sequencing on the lllumina NextSeq 1000 platform to elucidate the
molecular pathways involved in UVB-induced damage and repair. Further,
it was followed by spatial transcriptomic profiling to elucidate the spatial
pattern of the candidate genes selected using NGS experiments.

Results Our findings reveal that dermal stem cells (DSCs) exhibit a sig-
nificantly more dynamic transcriptomic response than melanocytes
following irradiation showing a 5- to tenfold increase in the number of
differentially expressed (DE) genes. Gene ontology (GO) biological pro-
cess analysis identified that these DE genes are primarily associated with
DNA repair, chromatin remodeling, and apoptosis.

Conclusions This study represents the first in-depth transcriptomic profil-
ing of DSCs, emphasizing their stronger response to UV exposure relative
to melanocytes, which may render DSCs more susceptible to UV-induced
damage. These results establish DSCs as a critical model for exploring UV-
driven melanomagenesis.

Trial registration and/or ethics approval number All cells were iso-
lated from human foreskins derived from routine circumcisions. Obtain-
ing ethics approval was not required. The legal guardians of the children
gave informed consent before donation of foreskin samples.
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Background Lamins are intermediate filament proteins that provide
structural support to the nucleus. They form dimers that assemble into
tetrameric filaments forming a meshwork of polymerized lamins. Depo-
lymerization is induced by phosphorylation enabling cell cycle pro-
gression and cell division. Lamins also play critical roles in maintaining
nuclear integrity, regulating nuclear stability. Additionally, they have been
reported to impact the DNA damage response and the organization of
chromatin structure [1]. It was shown that p53 stabilizes lamin A/C in
response to DNA damage, while the loss of p53 is associated with an
upregulation of lamin B1 expression, indicating a role for lamin regulation
in cellular senescence upon DNA damage [2, 3]. Overall, changes in lamin
expression are frequently observed, while lamin mutations are relatively
rare in cancer. These changes can result in chromosomal and genomic
instability, which are hallmarks of cancer. We hypothesize that the nuclear
envelope network is linked to DNA damage response and cell cycle requ-
lation upon irradiation in lung cancer cells and thus represents an impor-
tant cell-autonomous mediator of radiosensitivity.

Materials and methods CRISPR/Cas9-mediated approaches were used
to generate lamin phosphorylation mutations (unfeasible or persistent
phosphorylation) in lung cancer cell lines by site-directed gRNAs and
homology-directed repair. Selected single clones enable further inves-
tigation of lamin function by analyzing proliferation and subcellular
localization of lamins and their mutated variants using immunofluores-
cence. Furthermore, this study assesses the impact of lamin mutations on
nuclear stability and the DNA damage response by using y-H2AX staining
and the comet assay.

Results So far, mutations at three prominent lamin phosphorylation sites
were generated and validated by sequencing. Growth differences were
identified in lamin A/C S22 mutated cells, exhibiting clonal variation
independent of the mutation type. The radiosensitivity of these clones
was subsequently assessed by colony formation assay, showing that all
lamin A/C S22 mutated clones exhibit increased radiosensitivity, though
to varying extents. Additionally, S22D mutated cells that mimic persistent
phosphorylation at this site present altered lamin A/C localization and
aberrant nuclear morphology and structure compared to the parental
cells.

Conclusions Studying the interplay between wildtype and mutant lam-
ins and their clonal differences may provide insight into the role of the
cancer-specific lamin network in the cellular damage response upon
irradiation.
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Background Micronuclei (MN) are formed after irradiation (IRR) by induc-
tion of DNA damage and resulting chromosome instability. These MN
can activate the cGAS-STING signalling pathway, which promotes an
anti-tumour immune response by stimulating antigen presenting cells
(APCs). The present study investigates the kinetics of MN formation of dif-
ferent NSCLC cell lines after IRR with photons and carbon ions ('°C ions),
as well as the signalling of APC activation after both types of irradiation.
The question is whether '°C ions can induce a stronger immune response
than photons.

Materials and methods The NSCLC cell lines A549, H1975 and H1299
were irradiated with photons and '>C ions at doses of 0, 2, 6 or 12 Gy.The
MN per cell were then visualised 24, 48 and 72 h after IRR by immuno-
fluorescence microscopy of the dsDNA and the cytoskeleton and quanti-
fied using the Imaris software. Components of the cGAS-STING signalling
pathway were analysed by gRT-PCR and the secretion of IFN-y and IFN-3
as markers of the immune response were quantified by ELISA. Statistical
analysis was performed by ANOVA.

Results Preliminary data show an increase in MN with increasing dose
in all cell lines. Especially at the highest dose (12 Gy), 12C jon irradiation
led to a more intense induction of MN compared to photons. The num-
ber of MN increased up to 3 days after IRR and a decrease of MN was not
observed at this time. Initial results of cGAS-STING gene expression show
an increase after IRR and a peak on day 2.

Conclusions The results so far suggest that '°C ions may induce a stron-
ger activation of the cGAS-STING signalling pathway due to their higher
MN induction, which could enhance anti-tumour immunity. The elicited
immunogenic potential allows the improvement of NSCLC therapy by
combined immunotherapy and radiotherapy. Further experiments are
needed to confirm the differences in the immune response and to iden-
tify therapeutic windows and opportunities.
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Background Radiotherapy (RT) is an essential part of multidisciplinary
therapy for head and neck squamous cell cancer (HNSCC). It has been
proven that RT can kill tumor masses directly and also exert pro-inflam-
matory effects on the body. How to potentiate its immune effect to
inhibit tumor development more effectively is drawing increasing atten-
tion from researchers and clinicians. RT directly damages the nucleus and
chromosomes, causing leakage of DNA components in the cytoplasm,
which has the potential to trigger the activation of the cGAS-STING path-
way. The latter was identified in 2013, and is an innate immune pathway.
This pathway can be activated by abnormal DNA and RNA components
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in the cytoplasm, e.g. from viral and bacterial infection, resulting in the
expression of multiple interferon-related genes. We now aimed to con-
firm the activation of this pathway by tumor cell DNA in HNSCC following
irradiation and to analyze in detail which immune alterations do result.
Materials and methods For our first in vitro analyses, we used two HPV-
negative HNSCC cell lines (HSC4 and Cal33), and the HPV-positive cell
line (UMSCC47) as model system. The tumor cells were left untreated,
irradiated twice with 5 Gy or a single high dose of 10 Gy, and were then
harvested 12 h or 48 h after the last irradiation. Protein extractions were
used for Western blot experiments, RNA expression was quantified via
real-time PCR, and cell culture supernatants were analyzed for cytokine
and chemokine secretion.

Results We found that the expression of cGAS was significantly increased
12 h after irradiation, both at the protein and RNA levels, but then
decreases at the 48 h timepoint. In contrast, the expression of STING did
not change significantly after irradiation. But, its activated form, Phospho-
Sting, was significantly increased 48 h after irradiation of the tumor cells
with 2x5 Gy when compared to 10 Gy once or the non-irradiated group,
most pronounced in HSC4 cells. The analysis of the supernatant showed
that the concentration of IFN-lambda (type Ill) was significantly upregu-
lated after 2x5 Gy. In contrast, IFN-beta (type I) and IFN-gamma (type II)
remained at low levels after irradiation.

Conclusions Hypofractionated irradiation of HNSCC cells activates the
c-GAS/STING pathway in HNSCC cells independently of the HPV status
and in a dynamic manner. As one immune consequence, we identified
for the first-time increased type Il interferon secretion. The direct con-
nection to the c-GAS/STING pathway is currently by verified with c-GAS/
STING blocking experiments.
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Background Hypoxia occurs in 80% non-small cell lung carcinoma
(NSCLC) cases. Through cellular adaptations and changes of the tumour
microenvironment, cellular hypoxia can cause resistance to ionizing radia-
tion. Energetic charged particles with high linear energy transfer (LET)
might effectively treat hypoxic solid tumors such as NSCLC. Therefore, we
analyzed the radiation response of hypoxic NSCLC cells to high-LET car-
bon (12C) ions in comparison to X-rays.

Materials and methods A549 (p53 wt) and H358 (p53 null) cells were
incubated under normoxia (20% O2) or hypoxia (1% O2) [1] for 48 h and
irradiated with X-rays (200 kV) or 12C ions (35 MeV/n, LET~75 keV/um).
Hypoxia was either maintained after irradiation or cells were reoxygen-
ated. Colony-forming ability (CFA) assays were performed 24 h after irra-
diation (late plating). H2AX immunofluorescence microscopy indicated
the cellular response to DNA double-strand breaks (DSBs). Using flow
cytometry of DAPI-stained cells, cell cycle progression was evaluated. 4 h
post-irradiation, RNA was extracted for RNA sequencing. Cytokine secre-
tion (interleukins IL-6, -8) was measures by ELISA..

Results In both cell lines, hypoxia increased survival after X-rays exposure
regardless of continuation of hypoxia after irradiation. 12C ions overcame
hypoxia-induced radioresistance [2,3]. After irradiation under hypoxia, cell
cycle arrest was less distinct but lasted longer [2,3]. Hypoxia did not signif-
icantly influence DSB induction and resolution following irradiation com-
pared to normoxia [2,3]. Hypoxia alone upregulated genes controlling cell
migration in A549 cells, and hypoxic response and angiogenesis genes
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in H358 cells. As expected, a p53 transcriptional response to irradiation
was absent in H358 cells but pronounced in A549 cells. Both, radiation
and hypoxia, upregulated NF-B target genes, but each a different sub-
set [4]. In A549 cells, the increase in expression of NF-B target genes was
greater after exposure to 12C ions in comparison to X-rays [4]. However,
under hypoxia, X-rays exposure moreover upregulated genes modulating
epithelial-mesenchymal transition (EMT) and immunosurveillance, which
was reversed by reoxygenation. Both, radiation and hypoxia, augmented
interleukin secretion of both cell lines [4].

Conclusions Regardless of absence of functional p53, hypoxia induced
radioresistance. If no fast reoxygenation occurs after irradiation, tumor
invasiveness might increase especially after radiotherapy with X-rays. For
overcoming hypoxia-induced radioresistance in NSCLC, irradiation with
accelerated carbon ions has several advantages based on cell killing and
gene expression profile.
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Background Medulloblastoma is the most common high-grade pedi-
atric brain tumor, treated with surgery, chemotherapy, and craniospinal
radiotherapy. Survivors frequently suffer neurocognitive impairments
due to healthy tissue damage. Recently, research has focused on FLASH
therapy, an experimental technique delivering high-dose irradiation in
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very short time (>40 Gy/s), potentially reducing damage to healthy tissue
while maintaining tumor control compared to conventional radiotherapy
(convRT). In this study, we irradiated medulloblastoma cell lines and ex-
vivo brain slice cultures from healthy mice under FLASH conditions to
assess its impact and extent. However, achieving this requires precise
adjustment of physical parameters and reproducible dosimetry, which
are also key aspects of this study.

Materials and methods This study utilized two different linear accel-
erators (LINACs): a modified medical LINAC at Skane University Hospital,
Sweden, achieving average dose rates of 400-500 Gy/s, and the ARES
LINAC at the Deutsches Elektronen-Synchrotron (DESY), capable of
electron energies up to 155 MeV with ultra-short pulses (less than 1 ps
in length, compared to 5 ms in convRT). We initially developed and vali-
dated dosimetric experiments and irradiation protocols for both LINACs.
At Skane University Hospital and ARES, in-vitro cell cultures, including nor-
mal human astrocytes, were irradiated, and cellular survival was assessed
using colony formation assays. DNA double-strand break (DSB) repair was
analyzed via co-stained yH2AX/53BP1 foci. Additionally, ex-vivo mouse
brain tissue was irradiated in Sweden and fixed for DNA repair analysis
immediately and 24 h post-irradiation. DSBs in ex-vivo tissue were ana-
lyzed using 53BP1 foci. Comparisons were made with convRT.

Results In-vitro studies using LINAC-based FLASH indicated a clear FLASH
effect, with similar cellular survival following FLASH irradiation compared
to convRT. Ex-vivo experiment analyses are still ongoing to further inves-
tigate the potential occurrence of the FLASH effect. At ARES, dosimetric
analyses of the electron beam were conducted; however, challenges
remain regarding irradiation geometries due to the smaller irradiation
fields compared to medical LINACs. Initial in-vitro experiments at ARES
emphasized the need for optimized beam setups for homogeneous
irradiation.

Conclusions In summary, FLASH irradiation was comparable to convRT
in in-vitro studies, while ex-vivo analyses are ongoing to assess the poten-
tial protective effect of FLASH radiotherapy. Irradiations at ARES remain
challenging; however, with protocol improvements, further in-vitro
experiments and eventual ex-vivo studies also including medulloblas-
toma samples are anticipated in the near future.
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Background Radiation quality influences DNA damage complexity and
repair. Particle irradiation is used in clinical treatment for its enhanced
precision; particularly, high-LET ions such as carbon ions are postulated
to overcome resistance by inducing complex, non-repairable DNA dam-
age. Differences in radiosensitivity linked to DNA repair gene loss have
recently gained interest [1,2]. One option to exploit such vulnerabilities
is synthetic lethality [2,3]. However, a systematic approach for exploring
synthetically lethal gene defects across distinct beam qualities is cur-
rently missing. This study is the first to employ a CRISPR-Cas9 screen and
analysis of DNA repair kinetics to systematically investigate the interplay
between radiation type, dose, and DNA repair processes, laying the foun-
dation for precision therapeutic interventions.
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Materials and methods The radiation sensitivity of retinal pigment epi-
thelial cells carrying a deletion of tumor suppressor gene TP53 (RPE1 TP53
KO) cells to distinct beam qualities (photon, proton, carbon ions) was
determined by a clonogenic survival assay. A custom repair library tar-
geting DNA repair and related processes against 1000 genes pooled was
used to identify radiation-specific repair vulnerabilities associated with
fractionated radiation. DNA repair kinetics were analyzed for selected
knockout cell lines using immunofluorescence microscopy.

Results RPET-TP53 KO cells exhibited increased radiosensitivity to carbon
jons. DrugZ analysis and Wilcoxon Rank-Sum tests revealed radiation type
and dose-specific genetic dependencies, with specific dropouts linked
to non-homologous end joining and homologous recombination path-
ways. Hierarchical clustering based on DNA repair gene dependencies
identified critical repair factors differentiating radiation modalities, high-
lighting the complex interplay between radiation type and DNA damage
response (DDR) pathways. Selected knockouts analyzed for DNA repair
kinetics demonstrated variations in the persistence and resolution of DNA
damage foci across radiation types, reflecting differences in repair dynam-
ics and efficiency.

Conclusion This work presents the first pooled CRISPR-Cas9-based screen
to identify synthetic lethality in DNA damage response across different
radiation qualities. Specific genes conferred DNA repair/survivability asso-
ciated with certain beam qualities. This offers insights to optimize therapy
by combining radiation with DDR/DSB repair-targeting compounds, pav-
ing the way to overcome radiation resistance in cancer treatment.

References

1. Olivieri M, ChoT, Alvarez-Quilén A, Li K, Schellenberg MJ, Zimmermann
M, et al. A Genetic Map of the Response to DNA Damage in Human Cells.
Cell. 2020; 182:481-496.€21.

2. Drainas AP, Lambuta RA, lvanova |, Sercin O, Sarropoulos |, Smith M, et al.
Genome-wide Screens Implicate Loss of Cullin Ring Ligase 3 in Persistent
Proliferation and Genome Instability in TP53-Deficient Cells. Cell Reports.
2020; 31:107465.

3. Colic M, Wang G, Zimmermann M, Mascall K, McLaughlin M, Bertolet L,
et al. Identifying chemogenetic interactions from CRISPR screens with
drugZ. Genome Medicine. 2019; 11:52.

B-P14

Intensification of proton irradiation of HPV-negative and -positive
HNSCC cells by specific targeting of PARP

Katrin Waldenmaier', Paul Klein', Rafael Brinker', Fabian Eberle!%3, Kilian
Simon Baumann®*>%” Rita Engenhart-Cabillic3, Florentine S B Subtil?,
Sebastian Adebergm'}("s, Ekkehard Dikomeyw, Ulrike TheiB'>%*
'Department of Radiotherapy and Radiation Oncology, Philipps-
University Marburg, Marburg, Germany; “Department of Radiotherapy
and Radiation Oncology, Marburg University Hospital, Marburg, Germany;
3Marburg lon-Beam Therapy Center (MIT), Marburg University Hospital,
Marburg, Germany, “Department of Radiotherapy and Radiooncology,
University Medical Center Giessen-Marburg, Marburg, Germany;
SUniversity of Applied Sciences, Institute of Medical Physics and Radiation
Protection, Giessen, Germany; SLOEWE Research Cluster for Advanced
Medical Physics in Imaging and Therapy (ADMIT); "TH Mittelhessen
University of Applied Sciences, Giessen, Germany; 8UCT (University
Cancer Center) Frankfurt — Marburg, Germany; 9Laboratory for Radiation
Biology & Experimental Radiooncology, UKE, Hamburg, Germany
*Correspondence: Ulrike Theif3 (ulrike.theiss@uni-marburg.de)

Radiation Oncology 2025, 20(s1):B-P14

Background While for HPV-positive squamous cell carcinoma of the head
and neck (HNSCC) a 5-year-survival of 80% is achievable when treated
with conventional radiochemotherapy, survival for HPV-negative HNSCC
is only 50%. Treatment is accompanied with high normal tissue toxicity.
A promising alternative is proton irradiation, due to its improved physical
dose distribution and better sparing of normal tissue. The current study
examines the effects of proton irradiation on HPV-positive and -negative
HNSCC cells, with regard to their variations in radiosensitivity when irradi-
ated with photons. Furthermore, PARP-inhibition will be examined for its
radiosensitizing abilities in combination with proton irradiation.

Materials and methods Five HPV-positive and five HPV-negative HNSCC
cell lines were treated with photon and proton irradiation (0-6 Gy). Inhi-
bition of PARP was achieved by 1 uM Olaparib or Talazoparib. Treatment



Radiation Oncology (2025) 1:163

was followed by analysis of clonogenic survival (colony formation assay),
DNA damage (53BP1 foci), cell cycle regulation (flow cytometer) and rep-
lication stress (DNA fiber assay).

Results HPV-positive cells exhibit a higher radiosensitivity towards proton
irradiation than HPV-negative cells and this reflects similarities to photon
irradiation. Apart from that, HPV-positive cells do not display increased
radiosensitivity towards protons, with a relative biological effectiveness
(RBE) of RBE=1.01, and HPV-negative cells are more sensitive (RBE=1.14)
towards protons. PARP Inhibition increases radiosensitivity, with con-
siderably stronger effects for HPV-positive over HPV-negative cells, and
Talazoparib over Olaparib. However, Talazoparib administration is accom-
panied by high cytotoxicity as demonstrated with an HPV-negative cell
line. Cells treated with Talazoparib displayed pronounced replication
stress as characterized by dispersed 53BP1 foci in S phase cells as well as
enhanced occurrence of replication stops, which are finally leading to a
strong G2 arrest.

Conclusions The results suggest a radiosensitivity of HPV-positive cells
towards protons similar to that observed after photons. A combination
with PARP-inhibition significantly increases the effect of proton irradia-
tion. Due to the cytotoxic effects of Talazoparib especially as observed
in HPV-negative tumor cells, further studies should clarify its impact on
normal tissue.
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Background Radiotherapy is the most applied cancer treatment with
over 60% of cancer patients receiving radiation at some point in their
clinical care. Yet, we have no biomarker to understand and predict why
patients with comparable clinical presentations may have different radia-
tion responses and outcomes. Mathematical and computational models,
trained on patient-specific clinical data, can help understand and predict
interpatient heterogeneity and personalize radiotherapy protocols.
Materials and methods We deploy different mathematical (ordinary
and partial differential equations), spatial statistical (2-point correlation
function, power spectral density), computational (agent-based models),
machine learning (neural networks, generative adversarial networks), and
data-driven approaches to analyze pre-treatment tissue biopsies and
radiology images to characterize the spatial architecture of the tumor,
immune infiltration, immune interplay, and tumor volume dynamics of
different cancers. From these, we can create digital twins and simulate in
silico clinical trials to predict response and outcome to different radiation
protocols and derive optimal radiation regimens for each patient.

Results Routinely collected tissue biopsies can predict pan-cancer radio-
therapy response and outcome with high accuracy [1, 2]. Pre-treatment
radiology can predict the optimal radiation fractionation protocol [3], and
on-treatment response dynamics can predict the optimal total dose to
maximize tumor control and minimize radiation-associated comorbidities
[56].

Conclusions Integrated scientific modeling is well-positioned to guide
clinical decision-making for individual cancer patients [6-10]. Prospective
clinical trials will be needed to validate the prediction accuracy of the pre-
sented methodologies.
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Background Head and neck squamous cell carcinomas (HNSCC)
develop in the oral cavity, larynx, or pharynx and represent a significant
health burden. Increasing evidence suggests that polarisation and radi-
ation-induced senescence of tumour-associated fibroblasts (CAFs) play
a critical role in therapy resistance. Studies in rectal cancer indicate that
Interleukin-1a (IL-1a)-dependent polarisation into inflammatory CAFs
(iCAFs) promotes resistance. This study aimed to evaluate whether similar
mechanisms are present in HNSCC and to what extent the HPV status of
HNSCC cells affects CAF polarisation.

Materials and methods Cancer-associated fibroblasts (larynx) were
stimulated for 24 h with conditioned media from HPV-negative (UPCI-
SCC-131) or HPV-positive (VU-SCC-147) HNSCC cell lines. The polarisa-
tion of CAFs was assessed using gPCR for markers including CD73, CD90,
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Interleukin 6 (IL6), and Leukaemia Inhibitory Factor (LIF). ELISAs were used
to measure a-Smooth Muscle Actin and LIF secretion. Stimulation with
recombinant IL-1a was used for comparison.

Results Stimulation of CAFs with IL-1a and conditioned media resulted
in significant changes in gene expression and LIF secretion. CD73 expres-
sion was elevated following stimulation with both IL-1a and conditioned
media, with a stronger effect observed for media from HPV-negative
cells. IL6, which was not expressed in controls (fresh media), showed
dose-dependent upregulation after IL.-1a stimulation and slight expres-
sion following stimulation with conditioned media. LIF exhibited a dose-
dependent increases at both the gene and protein levels in response to
ILl-1a and conditioned media stimulation, with significantly higher levels
observed for HPV-negative cells compared to HPV-positive cells (P=0.01).
a-SMA was exclusively detected after stimulation with conditioned
media.

Conclusions The results suggest that conditioned media from HNSCC
cell lines can induce both inflammatory (Le"sP, LIFM9hy and myofibro-
blastic (IL6'", a-SMAM") CAF phenotypes. In comparison to media from
HPV-positive cells media from HPV-negative cell lines appeared to have a
stronger regulatory effect in marker expression.
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Background The treatment of head and neck cancer poses a therapeutic
challenge. Human papilloma virus (HPV)-negative tumors show increased
radioresistance, which has a negative impact on the efficacy of radio-
therapy (RT) and thus on the prognosis. Clinical trials are investigating
whether the combination of DNA damage repair inhibitors (DDRi) and
RT can help overcome radioresistance. However, little is known about the
potential of this combination to modulate the immunogenicity of tumor
cells. Preclinical data, combining RT with either AZD0156 (ATM inhibitor)
or VE-822 (ATR inhibitor) show that the immunophenotype of HNSCC
cells is altered [1]. Both, ATM and ATR, are central players in DNA double-
strand break repair via homologous recombination or non-homologous
end-joining. We now investigated in a co-cultivation setup, whether the
treatment-modified immunophenotype of HNSCC cells affects the activ-
ity of human CD8-positive T cells.

Materials and methods HPV-positive and HPV-negative HNSCC cells
were seeded and treated after 24 h with DDRi (AZD0156 or VE-822). This
was followed by hypofractionated RT with 1x5 Gy on the same day and
after 24 h. In parallel to the first RT, human CD8+T cells were isolated
from a healthy donor using MACS beads, CFSE-stained and pre-stimu-
lated for 48 h in a CD3/CD28-coated plate. 24 h after the second RT, the
T cells were harvested and added to the treated tumor cells in a 1:1 ratio.
The cells were co-cultured for 96 h and finally harvested. The expression
of CD3, CD8, CD25 and HLA-DR on the T cells was determined by flow
cytometry.

Results The co-cultivation of CD8+T cells with irradiated HPV-negative
cells led to an increase in the proliferation of the T cells. Pretreatment with
RT+ATRi led to a significant increase in proliferation of HSC4 compared
to RT or RT+ATMi. This combination also led to a significant increase in
the expression of HLA-DR on the examined T cells after co-cultivation.
However, treatment of the T cells in co-culture with pembrolizumab,
nivolumab or durvalumab had no effect.
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Conclusions Treatment of HNSCC tumor cells with RT+DDRi alters their
immunophenotype. CD8+T cells respond with increased proliferation,
especially in co-culture with treated HPV-negative cells. The HLA-DR and
CD25 status is also influenced by this. The secretion of INFy is currently
being investigated.
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Background Carbon (°C) -ion irradiation leads to more efficient killing of
tumor cells and better protection of normal tissue through precise dose
application and increased biological efficacy. Previous work has shown
that irradiation can upregulate the immune checkpoint molecule PD-L1
in NSCLC and thus influence T-cell-mediated immune responses. The
current aim is to determine whether PD-L1 and its binding immune cells
influence NSCLC survival after '>C-ion or photon irradiation.

Materials and methods A549 and PD-L1 knockout (A5497P~11%0) cells
were irradiated with 2, 6 or 12 Gy 12Cions or photons. In vitro monocul-
tures of the cells and cocultures with Jurkat cells were performed under
IFNy stimulation, a-PD-L1 antibody addition or the combination. PD-L1
expression was examined by flow cytometry and tumor cell survival in
the colony formation assay.

Results '°C ions and photons increase PD-L1 receptor expression in A549
in a dose- and time-dependent manner, which is further enhanced by
IFNy. Cellular survival of untreated A549 and A549"P~'%0 in monoculture
does not differ after irradiation. Treatment with IFNy has a radiosensitising
effect on A549. This effect is attenuated by the addition of a-PD-L1. These
effects are not observed in A549PP~'KO Compared to monoculture,
coculture only has a radiosensitising effect on A5497P-L1KO,

Conclusions The results indicate that PD-L1 surface expression in the
presence of immune cells has an influence on the cellular survival of
A549. For further validation, the radiation-induced DNA damage will be
visualised in patient samples in an ex vivo assay using the yH2AX/53BP1
foci technique.
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Background Circulating tumor cells (CTCs) are pivotal in the process of
metastasis and hold significant potential as biomarkers for monitoring
tumor progression and evaluating response to radiation therapy. How-
ever, their isolation and characterization remain challenging. In this study,
we isolated and cultured CTCs from mice inoculated with an osteosar-
coma cell line. We aimed to validate their tumor origin, assess their gene
expression profiles, and identify key molecular changes that enable pri-
mary tumor cells to enter the bloodstream and form metastases.
Materials and methods CTCs were isolated from the blood of osteosar-
coma-bearing mice and cultured. To confirm their origin, we analysed the
expression of osteosarcoma specific markers and performed immunohis-
tochemistry. RNA sequencing and differential gene expression analysis
were conducted to compare the parental cell line with the CTC-derived
cell lines, followed by Gene Ontology (GO) and KEGG pathway enrich-
ment analyses. Additionally, in vitro migration assays were performed to
evaluate CTC motility. Furthermore, clonogenic survival assays after irra-
diation were conducted for all CTC cell lines and the parental cell line.
Results The CTC cell lines maintained an osteosarcoma-specific gene
expression profile, confirming their tumor origin. Gene expression analy-
sis identified 1249 differentially expressed genes between parental and
CTC cell lines. GO analysis revealed significant enrichment in extracellular
matrix remodeling, antigen processing, and metabolic pathways. Col6aT,
an extracellular matrix component associated with osteosarcoma metas-
tasis, was significantly upregulated in CTCs. KEGG analysis highlighted
upregulation of genes involved in MHC class | and Il antigen presentation,
suggesting potential immune evasion mechanisms. CTCs also expressed
von Willebrand factor (Vwf), which may facilitate platelet-mediated
immune protection and endothelial adhesion. Functional assays dem-
onstrated that CTCs exhibited a significantly enhanced migratory capac-
ity and a reduced nuclear size compared to the parental cell line, further
supporting their metastatic potential. No difference in survival after irra-
diation was observed between parental and CTC cell lines.

Conclusions Our study provides a comprehensive characterization
of osteosarcoma-derived CTCs, highlighting their transcriptional and
functional heterogeneity. We identified potential molecular pathways
involved in their generation and survival in circulation, including extra-
cellular matrix remodeling, antigen processing, and immune evasion.
Notably, Col6al and Vwf may play critical roles in osteosarcoma metas-
tasis formation. The elevated MHC | expression in CTCs is an interesting
observation, as radiotherapy is known to enhance MHC | expression in
primary tumors.

Trial registration and/or ethics approval number “Regierungsprasid-
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Background The complement system plays a crucial role in the tumor
microenvironment, exhibiting both anti-tumor and pro-tumorigenic
effects across different tumor types. A tumor-promoting role has been
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demonstrated in a mouse sarcoma model [1], whereas in melanoma,
X-ray irradiation has been shown to activate the complement system and
contribute to tumor inhibition [2]. We aimed to investigate the impact of
irradiation on the immune-modulating effects of the complement sys-
tem in the sarcoma model above. Since hypoxia is a hallmark of sarcomas
and can influence complement regulation in the tumor microenviron-
ment [3], we first explored the interplay between irradiation, complement
activation, and oxygen levels in sarcoma cells in vitro. Particular focus was
placed on the expression of key hypoxia-inducible factors such as CXCR4,
a chemokine receptor involved in tumor progression [4]. Given the grow-
ing clinical interest in carbon ion therapy for sarcoma, we compared the
effects of X-ray and carbon ions.

Materials and methods MN/MCAT murine sarcoma cells were exposed
to X-rays or carbon ions (75 keV/um—MIT) after cultivation under nor-
moxic (21% O,) or chronic hypoxic (1% O,) conditions for two weeks. All
cells were harvested and irradiated under normoxic conditions and sub-
sequently kept in normoxic or hypoxic culture for 1-2 days with same
oxygen levels as before irradiation. We assessed cell survival and migra-
tion (Boyden chamber) and analyzed the expression of complement
factors (C3, C3a), immunogenic cell death markers (DAMPs), and CXCR4
using flow cytometry and ELISA.

Results Our findings show that cell migration and CXCR4 expression
were more pronounced following X-ray irradiation compared to carbon
ion exposure, with a stronger effect on migration under hypoxic condi-
tions. Notably, CXCR4 expression remained low and was not significantly
influenced by hypoxia alone. The observed lower induction of CXCR4
after carbon ion irradiation aligns with hypoxia-induced radioresistance
generally being acknowledged as less pronounced with carbon ions than
with X-rays [5]. Additionally, we observed a radiation-induced increase in
DAMP release and complement activation, without significant differences
between X-rays and carbon ions.

Conclusions To determine the biological consequences of radiation-
induced immune activation (complement activation, DAMP release) and
CXCR4 expression in vitro, we are investigating tumor growth, vasculariza-
tion, and metastasis in the corresponding sarcoma mouse model (MN/
MCAT tumors) following X-ray and carbon ion irradiation at SIS/GSI.
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Background Alcohol and tobacco abuse as well as the infection with
the human papilloma virus are the two main risk factors for the devel-
opment of head and neck tumors (HNSCC). These tumors are therefore
differentiated into HPV-positive and HPV-negative ones and interestingly
differ in their radiation-sensitivity. Radiotherapy (RT) causes DNA damage
in irradiated cells, which has effects on the immune system that can be
suppressive or stimulating. Immune stimulations as the release of nucleic
acids from the nucleus into the cytoplasm cause the activation of pattern
recognition receptors (PRR) as part of the innate immune system. The PRR
“Retinoic acid-inducible gene 1" (RIG-)) is activated upon its recognition
of double-stranded RNA in the cytoplasm. Therefore, activation of RIG-I
after RT can potentially modulate the tumor cell immunophenotype and
the T cell immune response via the release of type 1 interferons such as
Interferon-B. Since conflicting effects of Interferon-f on the anti-tumor T
cell response have been described, it is important to determine to what
extent RIG-l activation in irradiated HNSCC cells influences the adaptive
anti-tumor immune response.

Materials and methods Two HPV-positive and two HPV-negative HNSCC
cell lines were used. Cell lines were treated with either hypo-fractionated
RT (5% 3 Gy) or one single high dose (19.3 Gy). Abundance of RIG- and
associated proteins in the cytoplasm of the irradiated cells was deter-
mined by Western blot. In the HPV-negative cell line HSC4, RIG-| was also
investigated several days post-RT by intracellular staining and subsequent
flow cytometry.

Results RT, especially hypo-fractionated irradiation, increases the amount
of RIG-I in three out of four HNSCC cell lines. Specifically, in HSC4 a sig-
nificant increase of RIG-I abundance can be seen. This was also confirmed
using flow cytometry. The RIG-| activating E3 ligase RNF135 is modulated
opposite to RIG-I after irradiation. Additionally, RIG-I remains elevated or
even increases until multiple days after irradiation.

Conclusions Our results indicate that RIG-I plays a key role in irradiation-
induced changes of the HNSCC immunophenotype and strengthen the
assumption of a possible T cell immunomodulation post RT.
Acknowledgements This project is funded by the DFG (GRK2599).
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Background Advancements in clinical radiation therapy (RT) focus
on enhancing tumor control while minimizing collateral damage to
healthy tissues. Proton beam therapy, renowned for its unique physical
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properties, has emerged as a promising treatment modality. Emerging
evidence, including studies from our group, highlights biological differ-
ences in the relative importance of specific DNA double-strand break
(DSB) repair mechanisms elicited in response to proton beam irradiation
compared to X-ray photon irradiation. This study aimed to gain deeper
insight into the interplay between radiation quality, DNA repair deficien-
cies, and radiosensitivity in cancer cells exposed to Spread-Out Bragg
Peak (SOBP) protons versus X-ray photons.

Materials and methods Syngeneic cell lines with or without DNA repair
protein deficiencies (A549-WT, A549ATM-knockout, HCT116WT, and
HCT116BRCA2-knockout) were utilized to investigate the role of homolo-
gous recombination (HR) and radiosensitivity. The U20S reporter system
DRGFP was employed to assess HR pathway activity. In addition, chromo-
somal repair kinetics was determined by using classical Cytogenetics in
both HR-proficient and HR-deficient cell lines. Finally, the radiosensitizing
effects of combining an ATM inhibitor with SOBP proton versus X-ray irra-
diation were evaluated in DNA repair-proficient cancer cell models.
Results The reporter system results indicated a higher activation level of
HR in response to SOBP proton radiation compared to photon radiation.
In addition, HR-deficient cancer cells exhibited heightened radiosensi-
tivity and delayed chromosomal repair kinetics following SOBP proton
irradiation compared to X-ray irradiation pointing to a use of HR defects
as biomarkers for patient stratification. Proof-of-concept colony forma-
tion experiments combining ATM inhibitors with SOBP proton irradiation
demonstrated significantly enhanced radiosensitivity in DNA repair-pro-
ficient cells compared to combined inhibitor-photon irradiation as dem-
onstrated by significantly reduced survival fractions. These findings point
to a high therapeutic potential of combined treatment with SOBP proton
irradiation and inhibitors of specific DNA repair pathways.

Conclusions Our results demonstrate elevated reliance of cancer cells of
HR for repairing DSBs induced by SOBP proton irradiation compared to
X-ray photon irradiation, thereby corroborating relevant biological differ-
ences in DNA repair mechanisms. Future studies are needed to validate
the use of DNA repair inhibitors for enhancing the treatment efficacy of
SOBP proton irradiation in vivo and thereby paving the way for a future
biology-driven proton radiotherapy individualization.
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Background Recent studies highlight promising outcomes in combin-
ing radiotherapy (RT) with immunotherapies for cancer treatment. Our
research focuses on developing whole-tumour cell vaccines created
using high hydrostatic pressure (HHP) to inactivate tumour cells. Previ-
ously, these vaccines showed improved local and abscopal tumour con-
trol when combined with hypofractionated RT and a-PD1 antibodies,
associated with a robust T-cell response. B cells have a complex role in
cancer, with both pro- and anti-tumorigenic effects observed. Their role
in the anti-tumour immune response in such a multimodal radioimmu-
notherapy approach remains unknown.

Materials and methods In a bilateral tumour model, B16 melanoma cells
were injected into C57BL/6 mice, with only the primary tumour receiv-
ing local irradiation (2x8 Gy). Immune checkpoint inhibitors (ICl) were
administered, including two doses of a-CTLA-4 followed by a-PD1. HHP
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vaccines were locally injected at the primary tumour site, with or with-
out adjuvants (poly I:C and a-CD40). Tumour growth and survival were
monitored. Spleens and lymph nodes were analysed for B-cell immune
responses by multicolour flow cytometry, and serum antibody titres were
measured using ELISA.

Results The combination of RT, ICl, and HHP vaccine with adjuvants dem-
onstrated the best tumour control and survival. This approach caused a
dynamic shift in B cell populations, including follicular B cells and anti-
body-secreting cells, with an initial decrease on day 4 post-RT, followed
by a significant increase in draining lymph nodes on day 7. Notably, adju-
vants enhanced IgG concentration in the serum on day 14.

Conclusions These results suggest that combining RT, ICl, and HHP vac-
cines with adjuvants offers a promising synergistic approach to cancer
treatment. The findings provide initial insights into the dynamics of B
cell populations and antibody secretion in a multimodal radioimmuno-
therapy approach. However, the complex roles of B cells in cancer war-
rant further research to clarify the mechanisms behind these effects and
whether the secreted antibodies are tumour-specific.
Acknowledgements This work is supported by the Interdisciplinary Cen-
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Background For effective and tolerable tumor therapies, the simultane-
ous consideration of the radiation response in tumor and normal tissue is
essential. Herein radiotherapy (RT)-induced senescence of lung epithelial
cells and the development of a senescence-associated secretory pheno-
type determine normal tissue toxicity after thoracic irradiation. As part of
the BMBF-funded SeniRad consortium, this study introduces first inves-
tigations concerning the spatio-temporal dynamics and the underlying
signaling networks of radiation-induced senescence in normal tissue cells
in vitro, ex vivo and in vivo.

Material and methods The mechanisms of senescence induction is ana-
lyzed in a time- and dose-dependent manner in normal epithelial cells,
fibroblasts, and endothelial cells. This includes classical cell culture assays
for senescence, proliferation, viability, cell death, DNA damage, and DDR,
along with expression analyses of SASP factors at the RNA (RNAseq, and
gRT-PCR) and protein (Western Blot) levels. Parallel in vivo investigations
include the time-resolved and cell-type dependent senescence induction
following whole thorax irradiations (WTI mouse model). Therefore, cur-
rently methods are being validated, optimized and harmonized among
the members of the consortium.

Results Our first results indicate that normal epithelial cells undergo
senescence via the p53/p21 signaling pathway (96 h time point), while
fibroblasts do not seem to use this signaling pathway. The time-resolved,
analysis of the different normal cell types is ongoing and respective
results will be presented. Likewise, the results concerning the cur-
rently performed analyses of already obtained lung tissue samples from
our murine in vivo model of radiation-induced pneumopathy will be
presented.

Conclusion A time-resolved characterization of the phenotypes of
radiation-induced senescence in normal epithelial cells as well as
neighboring endothelial cells and fibroblasts and the identification
and functional validation of relevant regulatory signaling cascades and
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pathology-associated effector molecules aims to provide a molecular
basis for developing pharmacological strategies that enable targeted pro-
tection against radiation-induced damage in normal tissues by modulat-
ing senescence whilst maintaining anti-tumor activity of radiotherapy.
Acknowledgements Supported by grants of BMBF (02NUK086C) and
DFG/GRK2762/1.
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Background The neutrophil-lymphocyte ratio is an important prognos-
tic marker associated with overall survival in mammary carcinoma (MC).
Neutrophils play a controversial role in the tumor microenvironment and
can exhibit anti- and pro-tumorigenic properties. The biological mecha-
nisms by which neutrophils influence MC and migrate into the tumor
site are still poorly understood. In this project, we investigate whether
chemokines or small molecules influence the migration behavior of neu-
trophils and whether irradiation has an effect. The aim is to better under-
stand neutrophils and their functionality as prognostic markers.
Materials and methods The secretomes of different MC cell lines were
consolidated in irradiated (8 Gy) or non-irradiated condition to stimulate
neutrophil migration. The chemokines in the secretomes were deter-
mined by multiplex cytokine measurement and separated by 3 kDa fil-
tration into the protein fraction and the nucleic acid/small molecule
fraction. The functionality and activity of neutrophils was analyzed by a
transwell migration assay and flow cytometry.

Results No differences in the chemokine concentration of IL-8, ENA-78
and other chemokines were observed between irradiated and non-irra-
diated conditions within the same cell lines. However, the chemokine
concentration varied between the cell lines. It was also observed in the
cell lines that the migration of neutrophils is stimulated by the protein
fraction of the secretome. The migration of neutrophils towards the non-
irradiated protein fraction is significantly higher compared to the irradi-
ated protein fraction in the secretome of MDA-MB-231 cells. In addition,
it was observed that the degranulation of neutrophils increases by the
secretome of irradiated MC cells.

Conclusions The migration behavior of neutrophilic granulocytes is
modulated by secreted proteins from MC cells. In addition, the activ-
ity of neutrophils was observed to increase upon irradiation of MC cells.
The modulation of neutrophils by irradiated tumors is being investigated
further in order to evaluate neutrophils more precisely as a prognostic
marker in the future.
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Background Local radiotherapy (RT) has the potential to elicit T
cell-dependent regression of distant, non-irradiated tumor sites—a
phenomenon known as the abscopal effect—particularly when admin-
istered alongside immune checkpoint inhibitors (ICls). Nonetheless, such
responses remain infrequent in clinical settings, underscoring the need
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for more effective strategies. In this study, we evaluated and compared
two combinatorial approaches—RT plus aPD-1 and aCTLA-4 versus RT
plus aPD-1 and IL-2/alL-2 immune complexes (IL-2c)—with the aim of
enhancing systemic anti-tumor responses.

Materials and methods In murine models bearing bilateral subcutane-
ous C51 colon carcinoma or B16 melanoma, localized irradiation of the
primary tumor was administered in two fractions of either 8 Gy or 12 Gy.
Treatment with aPD-1 and aCTLA-4 antibodies was initiated concurrently
with RT and continued on a weekly schedule, while IL-2/all-2 complexes
(IL2c) were administered intraperitoneally for three consecutive days,
beginning on day 3 following RT. Tumor progression and overall survival
were monitored, and the frequency of tumor-specific CD8* T cells was
analyzed via flow cytometry using MHC class | tetramers in combination
with lineage and activation markers. Furthermore, the functional profiles
of CD8* and CD4* tumor-infiltrating lymphocytes (TILs), along with
activated dendritic cells (DCs), were systematically evaluated.

Results The abscopal response was markedly enhanced in mice receiv-
ing the aCTLA-4-based triple combination therapy (n=13) compared to
those treated with the IL2c-based regimen (n=9) (p<0.05), as well as in
comparison to hRT combined with either aPD-1 alone (n=8) or aCTLA-4
alone (n=10) (p<0.05). This aCTLA-4-containing triple combination sig-
nificantly prolonged survival in both tumor models and led to complete
tumor rejection in 8 out of 13 mice within the C51 model. T cell deple-
tion with hRT+aPD-1+aCTLA-4 group demonstrated that control of the
irradiated tumor primarily relied on CD8* T cells. In contrast, the regres-
sion of non-irradiated tumors was only partially dependent on CD8* T
cells and required a significant contribution from CD4* T cells as well.
Functional analysis of T cells indicated that hRT+aPD-1+aCTLA-4 (n=9)
elicited higher frequencies and absolute numbers of polyfunctional
tumor-specific CD8* T cells (TNFa* IFNy*), CD4* effector T cells
(TNFa* IFNy* and IFNy* IL-2*), and more CD80+CD86+ expres-
sion on CD103+DCs compared to hRT+aPD-1+IL-2¢ treatment (n=9)
(p<0.05), with these effects being especially pronounced in non-irradi-
ated tumors..

Conclusions hRT+aPD-1+aCTLA-4 elicited a greater accumulation of
cytotoxic effector TILs compared to the hRT+aPD-1+IL-2c treatment,
thereby amplifying the abscopal response and resulting in a substantially
higher rate of complete tumor regression at distant, non-irradiated sites.
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Background Radiation protection measures are of utmost importance
to minimize health risks among exposed individuals. Beside causing
DNA-damage, ionizing radiation can also trigger the immune system.
Although differences of the general immune response between sexes
and age-groups are known, they have been insufficiently investigated for
consideration in radiation protection measures until now. Thus, current
regulations originate almost exclusively from data derived from healthy,
middle-aged males. Since macrophages (MPHs), as key mediators of
inflammation, can strongly influence the immune response after low
dose radiotherapy (LD-RT), they display an interesting target for further
research. Consequently, gender-specific differences of MPH-plasticity and
-functionality after LD-RT in vitro were investigated.

Materials and methods Wild-type C57BL/6 (WT) mice of different sex
and age (6 weeks and 14 weeks) were used to isolate monocytes, which
were differentiated into the MPH subtypes by the addition of cytokines
(MO +MCSF; M1+4GMCSF, LPS, IFNy; M2+ MCSF, IL4). Irradiation was car-
ried out using X-rays (0; 0.1; 0.5; 1 and 2 Gy). The phenotype was exam-
ined by analyzing surface markers CD80, CD86, CD206, MHC-Il and PD-L1
via flow cytometry. In addition, arginase activity, the amount of reactive
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oxygen species (ROS) and the secretion of pro- and anti-inflammatory
proteins were examined.

Results ROS analysis revealed a decrease of ROS levels with increasing
irradiation doses, whereby the levels of male-derived MPHs peaked at
0 Gy and from females at 0.1 Gy. A significant reduction of pro-inflam-
matory proteins such as iNOS, IL23 and IL15 after irradiation with 0.5 Gy
could only be detected in female M1 MPHs. The surface marker analysis
showed only little changes. Noteworthy, there was a significant decrease
of CD206 (anti-inflammatory) in female M1 MPHs and of CD86 (inflamma-
tory) in male M1 MPHs after irradiation with 1 or 2 Gy. Further, first results
of the second age group (14 weeks) showed significant differences
between the age groups in the basal expression of MHC-Il and CD86.
Conclusions The immune alterations of MPHs after LD-RT is influenced
by gender. Further investigations will elucidate how the age influences
the response and which mechanisms are involved. This work will contrib-
ute to the expansion of current protection measures and treatment regi-
mens and thus potentially provide a support for the individualization of
present regulations.

Acknowledgements Supported by the German BMFTR (TOGETHER,
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Trial registration and/or ethics approval number C57BI/6 mice were
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2025) and they were conducted in accordance with the guidelines of
Federation of European Laboratory Animal Science Associations (FELASA).
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Background Due to the lack of estrogen, progesterone, and HER2 recep-
tors, for triple-negative breast cancer (TNBC) limited treatment options
other than chemotherapy and radiotherapy (RT) remain. However, its
potential immunogenicity makes immune therpay an important alter-
native in the management of this malignancy, particularly for patients
with high expression of immune checkpoint molecules (ICMs), such as
PD-L1 and with higher number of tumor-infiltrating lymphocytes (TILs).
The poor prognosis of patients with increased radioresistance and weak
response after immunotherapy with immune checkpoint inhibitors calls
for new combined treatment, including the non-psychotropic cannabi-
diol (CBD). In this regard, reactive oxygen species (ROS) might play a role
causing harm including DNA and cellular damage or acting as crucial
signaling molecules in the immune system. So far, little is known about
the immunological impact on breast cancer cells after RT in combination
with CBD.

Materials and methods MDA-MB-231(human TNBC cell line), MCF-
7(ER+, PR+) and 4T1(murine TNBC cell line) were treated by a gradient
concentration of CBD (0 uM, 3 uM, 5 uM, 7 uM, 10 uM). Cytotoxic effect
was detected at 24 h, 48 h and 72 h after CBD administration. Tumor cell
death forms and the expression of immune checkpoint molecules (ICMs)
on the three breast cancer cell lines after the combination of RT (2 x5 Gy
or 10 Gy) with CBD 3 uM were tested by using multicolor flow cytom-
etry. The cytoplasmic ROS was measured via 2,7'-Dichlorodihydrofluores-
cein diacetate (DCFH-DA) staining on Tecan—Spectrophotometer plate
reader.

Results CBD induced significant cytotoxicity in breast cancer cells in
a time- and concentration-dependent manner. A significant higher
cytotoxicity was observed in the combined treatment—CBD (3 uM)
plus RT 2x5 Gy or 1x10 Gy) in all three examined breast cancer cell
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lines compared to the treatments of RT or CBD only. Particularly signifi-
cant higher levels of secondary and primary necrotic tumor cells were
observed in TNBC cells. Regarding the expression of ICMs, a highly
dynamic and individual modulation can be observed. Further, CBD plus
RT induced more ROS in comparison to CBD (3 uM) alone or RT 2x5 Gy
or 1x10 Gy).

Conclusions The combination of CBD with RT has a significant cytotoxic-
ity on breast cancer cells, particularly on the tested TNBC cell lines (MDA-
MB-231 and 4T1). Further, CBD alone and in combination with RT does
exert immune modulation by individually impaction on the expression of
ICMs. Mechanistically, ROS might be one key regulator of immunological
effects of CBD/CBD +RT on breast cancer cells.
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Background In any case of radiation exposure, be it radiotherapy or
nuclear accident, the skin is exposed to a significant dose of radiation
by different radiation qualities which can impair its regenerative capac-
ity and alter the cellular environment. In particular, fibroblasts respond to
this radiation exposure by modifying their function. Radiation-induced
damage can lead to an overproduction of collagen, which is referred to
as fibrosis and negatively impacts wound healing. These changes in skin
structure can lead to chronic issues that may manifest differently depend-
ing on age, gender, and inflammatory condition. The aim of this study is
to investigate the gender-specific effects of low- and high-dose single
exposures on healthy as well as inflammatory fibroblasts in the skin, ears,
and lungs of various age groups in order to further individualize radiation
protection measures by identifying risk groups and markers.

Materials and methods Isolation of murine skin and lung fibroblasts
from male and female mice (C57BL/6) of various age groups; induction
of inflammation via TNF-alpha. Irradiation using 120 kV X-rays (0; 0.1; 0.3;
0.5; 1.0 and 2.0 Gy) followed by analysis of fibroblast-specific markers and
determination of cell death using flow cytometry after 24 and 72 h. Inves-
tigation of radiation-induced fibrosis using SirCol™ and hydroxyproline
assays, as well as gPCR and ELISA analyses.

Results Preliminary results show a difference in the expression of CD87,
CD44 and Fibroblast Activation Protein FAP between healthy and inflam-
matory tissue. Additionally, tissue-specific variations and an increased
number of fibroblasts in inflammatory conditions can be observed.
Conclusions The aim of this study is to fill gaps in the current knowledge
regarding gender- and age-specific biological effects after ionizing radia-
tion. For this reason, it is important to clarify potential effects in the men-
tioned conditions in normal tissue, and especially in the skin, as it is the
organ most commonly affected by any type of radiation exposure.
Acknowledgements Supported by the BMFTR (TOGETHER, 02NUK073).
Trial registration and/or ethics approval number C57BI/6 mice were
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versitatsklinikum Erlangen (Franz-Penzoldt-Center). The animal proce-
dures have been approved by the “Regierung of Unterfranken” (Approval
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Background Radiation remains one of the most significant obstacles for
space missions. With upcoming deep space missions to the Moon and
Mars, radiation exposure will increase dramatically compared to missions
in low-Earth orbit, such as those to the International Space Station. This
project aims to investigate the effect of radiation on the composition and
diversity of the gut microbiome in mice. Our goal is to identify key micro-
bial signatures that could help predict radiation-related health risks and
inform the development of personalised countermeasures to better pro-
tect astronauts during long-duration interplanetary missions.

Materials and methods In this pilot cohort, a genetically modified
mouse model with a predisposition for colorectal cancer (C56BL/6 J-Apc-
Min/+ 'n=8) and wild type mice (C56BL/6 J, n=8) were exposed to 5 Gy
X-rays (250 kVp) whole body irradiation, including sham irradiated con-
trol groups. Faecal pellets were collected throughout the course of the
experiment and 16S rRNA sequencing was performed to investigate
changes in the microbiome composition and diversity between the dif-
ferent treatment groups. All mice were sacrificed 30 days post irradiation
and tumours were quantified in the different sections of the gastrointesti-
nal tract (GIT), spanning from the duodenum to the colon, excluding the
cecum, followed by histological H&E stainings to determine the crypt and
villi parameters.

Results Preliminary results indicate that, 30-days post irradiation, tumour
counts in the GIT of C56BL/6 J-Apc™* mice were 56+ 20 for 0 Gy and
35+ 20 for 5 Gy (average + standard deviation), indicating a decrease after
irradiation. The frequency and size of the GIT tumours will be analysed to
understand whether or not radiation had an impact on the growth rate of
the tumours. In addition, these results will be linked to the results of the
165 rRNA sequencing (ongoing) to investigate how the composition and
diversity of the microorganisms in the gut changed after radiation expo-
sure and during tumour development in both the C56BL/6J -Apc™™* and
C56BL/6J mice.

Conclusions The higher tumour burden in the non-irradiated
C56BL/6 J-Apc™™* mice compared to the irradiated group was surpris-
ing, since previous research showed a statistically significant increase in
the number of GIT tumours post irradiation of 5 Gy. In addition to the
described 30 days follow-up in this cohort, a 90-day follow-up cohort
will be done later this year to understand if radiation causes a latency in
tumour development in the C56BL/6J-Apc™™ mice.
Acknowledgements The authors would like to thank the colleagues in
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up. We would also like to thank Daniela Trani, Ralf Miller, Denise Engel
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Background Low-dose radiation therapy is utilized as an alternative ther-
apy of degenerative joint diseases of the bone, where manifold cell types
of the immune system and cells of the bone are involved, e. g. the osteo-
clasts (OC) with bone-resorbing characteristics. However, the mechanistic
details of the radiation-mediated effects in this therapy are not uncovered
yet nor the impact on the healthy organism in terms of radiation protec-
tion. Indeed, exposure to low-dose X-ray radiation happens recurringly
on multiple occasions (medicine and research, sources present in nature,
human-built products), but fundamental data is lacking to claim accurate
thresholds and recommendations for individuals. Thus, the effects on OC
after exposure with X-ray in the low- to high-dose range were investi-
gated with regard to age, sex and inflammation background.

Materials and methods Bone marrow from hind legs of six and 14 weeks
old (w) C57BI/6NRj mice (both sexes) was taken to generate OC via cyto-
kine stimulation (RANK-L 50 ng/mL, M-CSF and optionally TNF-a 10 ng/
mL). Cells were exposed to X-ray radiation with single doses of 0, 0.1, 0.3,
0.5, 1, 2 Gy or the fractionated doses (2x0.05, 2x0.15, 2x0.25, 2x0.5,
2x 1 Gy). Reactive oxidative species (ROS) were assessed from OC via flow
cytometry as a measurement of total cell stress. Moreover, supernatants
and RNA were taken to monitor secreted cytokines, proteins and gene-
specific activation via ELISA and gPCR. Besides, we used TRAP staining to
observe the differentiation patterns of OC and their precursors.

Results A sex-opposing trend emerges in the differentiation pattern
of OC, because the number of OC decreases in the female group with
increasing dose, while it increases in the male one. In the younger female
cohort, ROS levels significantly decrease with increasing dose accompa-
nied by significant differences between the inflammatory and healthy
cohorts. In contrast, ROS levels and OC activation increase with higher
doses in the older female age group. Whereas the activation pattern of
the young cohorts shows only slight deviations after exposure. Previous
results indicate no significant impact by the radiation fractionation. Final
experiments are conducted.

Conclusions While differences between the doses in ROS levels were
mainly observed at different age cohorts (14 w increase at 1 and 2 Gy;
6 w decrease at 0.5, 1 and 2 Gy), the differentiation of OC shows mainly
sex-specific effects where a significant increase in OC number at 2 Gy was
observed in the male cohort. These results indicate an influence of age,
sex and inflammatory status in the radiation response of murine OCs and
thus, insights into systemic factors of the cellular response to radiation.
Acknowledgements Supported by the Bundesministerium fir Forsc-
hung, Technologie und Raumfahrt (TOGETHER, 02NUK073).

Trial registration and ethics approval number C57BI/6 mice were
ordered from Janvier Labs (Le Genest-Saint-Isle, France) and maintained
in a SPF facility under sterile atmosphere at the animal facility of the Uni-
versitatsklinikum Erlangen (Franz-Penzoldt-Center). The animal proce-
dures have been approved by the “Regierung of Unterfranken” (Approval
Numbers: TS-9/2022 from January 1st 2022 and TS-4/2025 from May 1st
2025) and they were conducted in accordance with the guidelines of
Federation of European Laboratory Animal Science Associations (FELASA).
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Background In the clinical management of head and neck squamous
cell carcinoma (HNSCC), human papilloma virus (HPV)-negative tumors
pose a challenge due to their increased radioresistance. A promising
strategy to overcome this resistance is the additional use of DNA damage
repair inhibitors (DDRi). To gain deeper insights into physiological and
immunological responses to such treatments, a three-dimensional (3D)
spheroid culture of head and neck squamous cell carcinoma (HNSCC) cell
lines was established. The tumor microenvironment was represented by
co-cultivated cytotoxic T cells. This study aimed to investigate the immu-
nomodulatory changes of those T cells after treatment of the 3D spher-
oids with RT + DDRIi.

Materials and methods To form spheroids, HPV-negative and HPV-
positive HNSCC cell lines were seeded in low-attachment U-bottom
plates, forming stable 3D structures within 24 h. These spheroids were
treated with 1 uM AZD0156 (ATM inhibitor) or 0.1 uM VE-822 (ATR inhibi-
tor), either alone or in combination with hypofractionated irradiation
(2x5 Gy). In parallel, CD8+T cells were isolated from peripheral blood
using MACS beads, labeled with the live dye CFSE, and activated for 48 h
in a CD3/CD28-coated plate. Flow cytometry was used to analyze the
proliferation and expression of the activation markers CD69, CD25, HLA-
DR and the immune checkpoint molecule PD-1 on the T cells 48 h after
co-cultivation.

Results The periodically decreasing CFSE signal revealed three distinct T
cell populations characterized by different proliferation rates. Initial results
indicate that tumor spheroids treated with DDRi reduce the proliferation
of T cells and a higher proportion of non-proliferating, CD25-expressing
T cellscan be measured. HLA-DR and CD69, on the other hand, show a
more dynamic regulation, which can manifest itself in both up- and
down-regulation depending on the treatment modality.

Conclusions Treatment of tumor cell spheroids with DDRis and hypo-
fractionated RT leads to immunomodulation and affects the proliferation
and activity of CD8+T cells in the 3D co-culture setup. The expression of
the activation markers shows a correlation with cell proliferation. CD25
is detectable as an early marker, while HLA-DR is increasingly expressed
later on proliferating cells.

Session D: Innovative approaches in radiotherapy
a) Key note lecture
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Background We previously demonstrated adjuvant lymph node irradia-
tion as a promising approach to maximize radioimmunotherapy efficacy.
We here investigated in detail the relevance and consequences of drain-
ing lymph node irradiation for combined radioimmunotherapy.
Materials and methods Using murine tumor models and naive mice
we investigated in detail irradiation-induced functional and structural
changes in the lymph node to improve our understanding of the com-
munication between the irradiated tumor and the draining lymph node.
In vivo irradiated lymph nodes of C57BL/6 mice were analyzed for mul-
tiplex cytokine assessment, flow cytometry-based immunophenotyping,
and immunohistochemical staining. In vitro experiments with primary
lymph node-derived stromal cells were performed to complement in
vivo and ex vivo performed experiments.
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Results Longitudinal chemokine analysis of lymph nodes, which were
irradiated with increasing doses of IR, revealed a highly specific and dose
dependent decrease of the cytokines CCL19 and CCL21. These cytokines
are of relevance for successful draining lymph node-to-tumor communi-
cation. Interestingly, cytokines that promote or limit T cell expansion and
differentiation in the complex lymphoid environment were less affected.
Concurrently, immunophenotyping of irradiated lymph nodes showed
dose- and time-dependent lymphopenia in the lymph node, which also
recovered over time in a dose-dependent manner, but only if irradiated
below a sterilizing dose threshold. Structural changes within the irradi-
ated lymph node point towards a a disrupted fibroblastic reticular cell
network, loss of B cell follicle structure, and signs of fibrotic remodelling.
In vitro experiments performed with lymph node-derived stromal cells
allowed to differentiate between an IR-deregulated T-cell-to-stromal cell
communication and direct IR-induced processes in stromal cells.

Conclusions Our findings indicate that the functional and structural
integrity of the draining lymph node are pivotal for an intact CCR7-
CCL19/CCL21 axis, which is required for an intact cancer immunity cycle.
We will discuss how clinical protocols should be adapted to further
exploit the potency of current combined radioimmunotherapy regimens.

b) Proffered papers—Oral presentation
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Adding the PPARa agonist enhances T cell-mediated effects of RT in
combination with anti-PD-1
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Background RT and aPD-1 combination result in enhanced efficacy in
both local and systemic (abscopal) tumor control, relying on CD8+T cells.
Many patients, however, do not respond. Fenofibrate (FFB), a PPARa ago-
nist, approved for hypercholesterolemia and hypertriglyceridemia man-
agement, has previously shown antitumoral effects in mice models. Our
study explores the antitumor effects of a triple combination comprising
RT, aPD-1 and FFB in augmenting both local and abscopal tumor control
in both abscopal tumor models.

Materials and methods Mice harboring bilateral B16 melanoma or
C51 colon carcinoma tumors were treated with 8 Gyx 3 to the primary
tumor. aPD-1 was administered weekly, and FFB was administered daily
on weekdays for several weeks. Tumor volumes and overall survival were
monitored. Tumor-specific CD8 T cells, tumor-associated high endothelial
venules (TA-HEVs), and metabolic alterations in CD8+T cells and tumor
cells were assessed through flow cytometry (FACS).

Results The therapeutic efficacy of triple combination significantly sur-
passed that of all double combinations (n>6 mice/group, p<0.05) in
both tumor models. Moreover, depletion of CD8+T cells using anti-CD8
antibodies abrogated the enhanced tumor control and survival observed
with the triple combination, rendering outcomes comparable to the
double combinations. In line with these findings, we observed increased
numbers of tumor-specific CD8+T cells in both primary and secondary
tumors receiving triple combination therapy (n=5 mice/group: p <0.05
compared to all respective double-treated groups). The triple combina-
tion group also lead to a significant increase in TA-HEVs (n > 5 mice/group:
p <0.05 compared to all respective double-treated groups). Furthermore,
FFB treatment altered glycolysis and fatty acid oxidation in CD8+T cells
from both irradiated and non-irradiated tumor.

Conclusions Adding FFB to hRT+aPD-1 substantially enhanced the con-
trol of both primary and secondary tumors in a CD8+T cell-dependent
manner. These effects were associated with increased TA-HEVs, which
promote T cell infiltration, as well as metabolic changes that may contrib-
ute to improved tumor control.
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Background Radio(chemo)therapy remains a cornerstone treatment for
head and neck squamous cell carcinoma (HNSCC), yet therapeutic resis-
tance and variable patient outcomes highlight the need for a deeper
biological understanding. While immune checkpoint inhibition (ICl) tar-
geting the PD-L1/PD1 axis is an emerging additional option, clinical tri-
als have shown discrepant results regarding its efficacy in HNSCC. In the
present study, we analyzed PD-L1/PD1 expression patterns, molecular
classifiers, composition of the tumor microenvironment, and their rel-
evance for clinical outcome following adjuvant radio(chemo)therapy to
identify key determinants of treatment response and resistance.
Materials and methods Two retrospective HNSCC cohorts (n=113,
n=117) treated with adjuvant radio(chemo)therapy at LMU-KKG were
analyzed. PD-L1 positivity was assessed by immunohistochemistry, and
polynomial risk modeling was applied to HPV-negative cases to associ-
ate PD-L1/PD1 expression with clinical outcomes. Risk groups (RGs) were
compared for CD8-based immunotypes, molecular classifiers, and PD-L1/
PD1 gene expression. Tumor microenvironment composition was further
explored via bulk RNA-seq deconvolution and scRNA-seq analysis.
Results Polynomial risk modeling identified four risk groups (RG1-RG4)
associated with tumor size, immunotypes, molecular classifiers, and
PD-L1/PD1 expression. The high-risk group (RG3) displayed enrichment
of immunosuppressed phenotype, elevated immune exhaustion markers,
and co-expression of PD-L1/PD1, primarily from immune cells. In contrast,
PD-L1T mono-expressors (PD-L1M/PD1'°) exhibited tumor-specific PD-L1
expression and a lack of PD1+T cells, potentially resistant to immune
checkpoint inhibition (ICl) therapy. Myeloid cell enrichment and C9/C10
carcinoma ecotypes were predominant in PD-L1M/PD1" tumors with
immune-exhausted phenotypes.

Conclusions Polynomial risk modeling based on PD-L1 expression
delineated four PD-L1-based risk groups in HNSCC undergoing adju-
vant radio(chemo)therapy. Distinct PD-L1/PD1 co-expression patterns
reflect cell type-specific PD-L1/PD1 expression. A PD-L1"/PD1", myeloid
cell-enriched subgroup of patients with elevated immune exhaustion
features was identified which presumably may respond to ICI therapy.
Conversely, PD-L1"/PD1° expressing tumors, lacking PD1 expressing T
cells, most likely represent an ICl-resistant subgroup.
Acknowledgements This study was supported by the Bundesministe-
rium fUr Bildung und Forschung (BMBF, 02NUKO086B and 02NUK087).

Trial registration and/or ethics approval number The study was
conducted in accordance with the Declaration of Helsinki and received
ethical approval from the LMU's ethics committee (EA 312-12, 448-13,
17-116).
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Background In the staging and treatment of distinct solid tumor entities,
immunological biomarkers gain more and more importance. However,
in the treatment of head and neck squamous cell carcinoma (HNSCCQ),
such biomarkers, particularly those derived from peripheral blood, have
hardly been investigated. In order to address this issue, the prospective
DIREKHT study (NCT02528955) integrated a translational research pro-
gram in which the longitudinal immune status of patients was monitored
throughout their treatment. The aim was to identify predictive immune
signatures for prognosis and therapy optimization for HNSCC.

Materials and methods The immune status of HNSCC patients (n=70,
including 21 with oral cavity, 48 with oropharyngeal tumors and 1 with
laryngeal tumor) was assessed before and after radio-(chemo)therapy
(RQT), as well as during follow-up. A detailed flow cytometry-based
assay was used to analyze 45 different immune parameters from the
patients' whole blood. The data was utilized to train a machine learning
model that predicts disease-free survival achieving MCC=0.63. The train-
ing process involved a data-based variable selection, followed by the
development of a logistic regression model. The model's validity was veri-
fied through nested cross-validation using multiple repeats of stratified
K-fold cross-validation in the inner and outer loop.

Results By evaluating the immune status before and after R(C)T, a signa-
ture of various immune parameters was identified that could predict dis-
ease-free survival in patients. Key components of this signature included
the HLA-DR expression on T cells and monocytes after RT, pre-treatment
frequencies of basophils and natural killer cells, and the frequency of
HLA-DR-positive monocytes before RT. Notably, the stability and predic-
tive accuracy of this immune signature were independent of clinical fac-
tors such as human papilloma infection or tumor location. Thus, including
these clinical parameters did not further enhance the predictive power of
the immune signature.

Conclusions These findings highlight the importance of analyzing the
peripheral immune status in HNSCC patients for identifying immuno-
logical biomarkers, which could potentially allow for more individualized
therapy. The immune signature presented here can predict disease-free
survival in HNSCC patients undergoing R(O)T. In the future this signature
needs to be validated in a larger patient cohort to make it accessible for
clinical use.

Trial registration and/or ethics approval number The study protocol
was approved by the local ethics committee No.195_14B and registered
in clinicaltrials.gov NCT02528955.
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Background Radiotherapy plays a central role in the management of
breast cancer, especially following breast-conserving surgery. Treatment
options include a range of radiation schedules, from (hypo-)fraction-
ated regimens to high-dose ablative approaches. Intraoperative radio-
therapy (IORT) delivers a concentrated dose of radiation (typically 20 Gy)
directly to the tumor bed during surgery, allowing for targeted treatment
of residual tumor cells in the surrounding tissue. Beyond its cytotoxic
effects, radiotherapy has been shown in preclinical models to activate
both innate and adaptive immune responses, which may contribute sig-
nificantly to tumor control. A critical aspect of this response involves the
recruitment of immune cells to the irradiated site. To investigate these
mechanisms in a clinical setting, we conducted a translational study
analyzing wound fluid and peripheral blood samples from breast cancer
patients undergoing breast-conserving surgery, with or without IORT. The
study focused on cellular changes and molecular characteristics associ-
ated with immune activation.

Materials and methods Wound fluids were assessed for volume, hemo-
globin content, total leukocyte counts, and specific leukocyte subpopula-
tions. Cytokine profiles and transcriptomic changes were also analyzed.
In parallel, in vitro studies were performed on non-malignant cells of the
breast to examine their response to 20 Gy irradiation.

Results IORT was associated with increased infiltration of three myeloid
immune cell populations into the tumor bed, as well as transient eleva-
tions in immune cell subsets in peripheral blood. Analysis of wound flu-
ids from IORT patients revealed significantly higher levels of two distinct
cytokines, which correlated with the presence of specific immune cell
populations, suggesting a role of these cytokines in immune cell recruit-
ment. In vitro irradiation of non-malignant breast cells also led to a robust
senescence response and enhanced secretion of these cytokines, indicat-
ing that normal tissue contributes actively to post-irradiation immune
signaling.

Conclusions This study sheds light on the immunological impact of high-
dose IORT in breast cancer treatment. It demonstrates both local and sys-
temic immune responses, characterized by specific cytokine patterns and
immune cell recruitment, and highlights the role of non-malignant tissue
in mediating these effects. These findings provide a foundation for future
research aimed at harnessing the immunomodulatory potential of single
high-dose radiation therapies to improve clinical outcomes.

Trial registration and/or ethics approval number Clinical Trials 246-15
and 20-488 of University Hospital, LMU Munich, Munich Germany.
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Background Head and Neck Squamous Cell Carcinoma (HNSCCQ) is a
heterogeneous malignancy affecting the oral cavity, pharynx, and lar-
ynx. Although radio(chemo)therapy remains the primary therapeutic
approach, treatment resistance and high variability in patient response
underscore the need for further investigation. Previous findings from
our group [1] indicate that HNSCC can be classified into metabolic
pathway-based subtypes (MPS), each exhibiting distinct adjuvant treat-
ment responses. Notably, MPS1 is a high-risk subtype, characterized by
upregulated tumor processes, including tumor microenvironment (TME)
remodeling, cancer-associated fibroblast (CAF) activation, and immune
suppression. A deeper understanding of MPS-specific TME composition,
underlying processes, and their impact on therapeutic radiation response
is crucial for identifying potential prognostic biomarkers and therapeutic
targets.

Materials and methods Digital cytometry algorithms enable the in silico
extraction of cell type proportions and gene expression profiles from
tumor bulk RNAseq data, providing valuable insights into the TME. Addi-
tionally, these methods facilitate cell type-specific analysis in large tumor
transcriptomic datasets and enable associations with clinical follow-up
data. However, the wide range of available tools and the absence of a
standardized benchmarking procedure make selecting the most suit-
able tool for a given research context challenging. To apply digital cytom-
etry in translational radiation oncology, this study employs a two-fold
approach: (i) Technical assessment of CIBERSORTY, BayesPrism and Insta-
Prism using RNAseq profiles from pre-defined in vitro cell mixtures. (ii)
In-depth characterization of MPS TME organization, immuno-metabolic
processes, and cell interactions through the integration of tumor bulk,
single-cell, and spatial transcriptomic data.

Results These findings are expected to demonstrate that our approach
enables a robust and reliable evaluation of digital cytometry methods,
facilitating the selection of the most suitable tool. The subsequent com-
prehensive data analysis will provide key insights into metabolic subtypes
in HNSCC, elucidating their association with patient clinical outcomes fol-
lowing adjuvant tumor therapy.

Conclusions This study will advance the integration of digital cytometry
and multi-level data analysis into translational radiation oncology, con-
tributing to a deeper understanding of critical biological processes within
the TME and their influence on adjuvant therapy response in HNSCC.
Trial registration and/or ethics approval number Ethical approval (EA)
for this study was obtained by the ethics committee of the LMU (EA 312-
12,448-13,17-116).

Acknowledgements This study is part of the STRATUM Project, funded
by BMBF 02NUKO087.
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Background Head and neck squamous cell carcinoma (HNSCC) exhibits
distinct metabolic phenotypes that are associated with varying degrees
of radiosensitivity. Recent own work demonstrated that inhibition of the
citrate carrier SLC25A1 can lead to a pharmacologically induced defect
in homologous recombination repair (HRR), increasing radiosensitivity in
lung and glioblastoma cell lines [1, 2]. We hypothesized that inhibiting
SLC25A1 in HNSCC using a small molecule inhibitor CTPI-2 could simi-
larly lead to radiosensitization by inducing the accumulation of D-2-hy-
droxyglutarate (D-2HG), which in turn could inhibit DNA repair enzymes
responsible for alkylating DNA damage. This strategy aimed not only to
impair the DNA repair machinery but also to sensitize HNSCC cells to
alkylating agents such as cisplatin, temozolomide and the antimetabo-
lite 5-fluorouracil (5-FU) used as chemotherapeutics in the treatment of
HNSCC.

Materials and methods We performed time-resolved metabolic (Sea-
horse Bioanalyzer), radiobiological (ROS, cell death, apoptosis levels and
cell proliferation) and long-term survival assays in a panel of HNSCC cell
lines. We combined irradiation (2-10 Gy) with inhibition of mitochondrial
citrate transport (CTPI-2) to impair mitochondrial function and DNA repair
mechanisms and subsequent combination with a clinically relevant che-
motherapeutics (cisplatin, temozolomide, 5-FU) to improve the sensitivity
to irradiation. Proof-of-concept experiments were performed using 3D
Spheroids and the chicken allantoic membrane (CAM) model.

Results Sub-lethal doses of CTPI-2, either alone or in combination with
sub-lethal doses of chemotherapeutics and irradiation, effectively inhib-
ited proliferation and long-term survival of HNSCC cell lines. Additionally,
treatment led to a significant reduction in 3D spheroid size and tumor
growth in the in vivo CAM model. In contrast, preliminary experiments on
normal tissue cell lines indicated that sub-lethal concentrations of CTPI-2
and chemotherapeutics had no significant impact on the long-term sur-
vival of non-cancerous cells.

Conclusions The combination of CTPI-2 with clinically relevant chemo-
therapeutics further enhanced the radiosensitization of HNSCC cell lines,
highlighting a promising therapeutic approach to improving treatment
efficacy through metabolic modulation.

Acknowledgements Supported by grant of BMBF (02NUK0618).
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Background Integrative Dance Movement Therapy (DMT) has shown
potential benefits for physical and psychological health in patients with
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somatic diseases, yet objective evidence, particularly for immunological
effects in radio-oncological patients, is lacking. Thus, the feasibility Dance-
RT-01 (Ethics Committee of the University Hospital Erlangen Reference
Number: 24-505-B) trial addresses this issue by focusing on immunophe-
notyping to investigate whether DMT applied shortly after radiotherapy
(RT) can induce positive measurable changes in immune parameters. The
study further explores the clinical benefits regarding functional capacity,
reduction of fatigue and improvement of quality of life (QoL).

Materials and methods The study is designed as investigator-initiated,
prospective, non-randomized feasibility trial and includes radio-onco-
logical patients with breast or prostate cancer (ECOG 0-2) who recently
completed RT. Participants complete five weekly DMT sessions (90 min
each) combined with psychotherapeutic elements. The therapy is carried
out by one specially trained therapist “Leiterin flr therapeutischen Tanz,
DGT" with experience in radio-oncology. Recruitment starts in February
2025. Detailed immunophenotyping (longitudinal analysis for detailed
immune status over the whole therapy) is performed using advanced
multicolor flow cytometry to analyze immune cell subsets (e.g, T cells,
NK cells, monocytes), their activation states, and shifts in pro- and anti-
inflammatory mediators. Additional laboratory analysis covers inflamma-
tory markers (e.g., CRP, gamma-GT), hormone levels (e.g., cortisol, TSH),
and nutritional biomarkers (e.g, vitamin D, B12, folic acid). Secondary
endpoints include assessments of body composition via Body Imped-
ance Analysis (BIA), functional capacity (maximum grip strength with
Jamar hand dynamometer), and QoL using the standardized and vali-
dated questionnaire EQ-D5-5L (European Quality of Life 5 Dimensions 5
Level Version).

Results Early results, expected in Q2/2025, will evaluate correlations
between immunological changes, inflammatory markers, clinical
improvements, and patient-reported outcomes (PROs).

Conclusions Dance-RT-01 aims to provide first hints on physiological
and psychological effects of DMT as complementary therapy method for
tumor patients. It is the first prospective feasibility study and is the basis
for future studies proving benefits of DMT after radiotherapy.

Trial registration and/or ethics approval number (if applicable) Eth-
ics Committee of the University Hospital Erlangen Reference Number:
24-505-B.
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Background Radiochemotherapy remains a primary therapeutic
approach for head and neck squamous cell carcinoma (HNSCC). How-
ever, wide variations in patient responses, driven by treatment resistance,
highlight the urgent need for a deeper characterization of the underlying
tumor biology. Our group previously identified metabolic pathway-based
subtypes (MPS) in HNSCC, which exhibit distinct responses to adjuvant
treatment. Notably, the high-risk MPS1 subtype is associated with ele-
vated tumor-promoting processes, including tumor microenvironment
(TME) remodeling, increased prevalence of cancer-associated fibroblasts
(CAFs), and immune suppression.

Materials and methods This study aims to further elucidate the
metabolic properties of MPSs in HNSCC through an integrative
approach combining RNAseg-based transcriptomics and FT-ICR mass
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spectrometry-based untargeted metabolomics, using paired normal and
tumor tissue samples from an adjuvant clinical cohort. To achieve this, we
construct bipartite networks, where nodes represent multi-omics enti-
ties and edges are derived from pathway databases such as KEGG. Addi-
tionally, integrative multivariate analytical methods, such as multi-omics
factor analysis (MOFA) and orthogonal projections to latent structures dis-
criminant analysis (OPLS-DA), are applied to identify underlying patterns
in the combined datasets. Furthermore, using in vitro model systems con-
sisting of MPS-classified HNSCC cell lines and native primary fibroblasts,
we will investigate their interactions and potential CAF polarization by
integrating transcriptomic and metabolomic data, along with multiple
cytometric endpoints.

Results Integrating transcriptomic and metabolomic data is expected
to uncover distinct metabolic features associated with MPS in HNSCC,
offering deeper insights beyond those obtained from transcriptomic data
alone. Multivariate analyses will likely identify additional key molecular
patterns that distinguish low- and high-risk MPS tumors, while network-
based analysis will help bridge missing links between metabolic clusters,
advancing drug target identification. In vitro co-culture experiments are
anticipated to provide valuable insights into tumor cell-fibroblast inter-
actions via cytokine signaling. Differential fibroblast polarization and
evidence of CAF polarization induced by high-risk MPS1 tumor cells are
expected, enabling the identification of key signaling molecules. The inte-
gration of cytometric, metabolomic, and transcriptomic analyses will offer
a comprehensive molecular characterization of MPS-specific fibroblast
phenotypes. Overall, these findings will enhance our understanding of
metabolic rewiring in HNSCC and its impact on tumor progression and
therapy response.

Conclusions This integrative multi-omics approach enables a compre-
hensive characterization of metabolic processes in HNSCC tumors and
adjacent normal tissues, providing critical insights into tumor metabolism
and its influence on adjuvant therapy response. In vitro co-cultivation
experiments will further elucidate the cross-talk between malignant cells
and fibroblasts within the HNSCC tumor microenvironment (TME), con-
tributing to the identification of key biological processes and molecular
targets that may enhance the radiotherapeutic response in high-risk
HNSCC tumors. A deeper understanding of malignant cell-fibroblast
interactions is crucial for the development of targeted, multimodal tumor
therapy strategies.

Trial registration and/or ethics approval number Ethical approval (EA)
for this study was obtained by the ethics committee of the LMU (EA 312-
12,448-13,17-116).
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Background In an initial study, we identified a 5-microRNA (miRNA)
signature that was prognostic for freedom from recurrence (FFR) in a
retrospective multicentre cohort of HPV-negative, locally advanced
head and neck squamous cell carcinoma (HNSCC) patients treated with
adjuvant radiochemotherapy and validated it in a monocentric HPV-
negative HNSCC cohort of patients treated with adjuvant radio(chemo)
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therapy. The model was independent of extracapsular extension (ECE),
TNM T stage and lymphovascular invasion (LVI) [1]. In the present study,
the prognostic significance of the 5-miRNA signature was analysed in a
prospectively collected HNSCC collective.

Materials and methods 89 patients with locally advanced HPV-negative
HNSCC treated with adjuvant radio(chemo)therapy at the LMU Depart-
ment of Radiation Oncology were included. Simultaneous DNA/RNA iso-
lation was performed from histomorphologically verified formalin-fixed
paraffin-embedded tissue sections after macrodissection. Global miRNA
expression analysis was performed using Agilent miRNA microarrays. Risk
score calculation and the dichotomisation into high/low risk were per-
formed using the coefficients and the cut-off from the risk model of the
discovery study. The risk groups were analysed in a univariate and multi-
variable Cox proportional hazard analysis with regard to overall survival
(0OS) and freedom from recurrence (locoregional and/or distant failure).
Results From the 89 patients, n=51 were assigned to the 5-miRNA high-
risk group and n=38 to the low-risk group. The 5-miRNA risk groups
significantly predicted FFR (p=0.019, HR: 3.11, 95%-Cl 1.15-8.46) in uni-
variate analysis and in a multivariable model together with ECE (p=0.025,
HR: 3.52, 95%-Cl 1.18-10.52). A Cox model combining the 5-miRNA risk
with ECE significantly predicted FFR, while patients were significantly split
into 5-miRNA risk groups. Univariate and multivariable Cox analysis for OS
showed qualitatively similar results.

Conclusions The 5-miRNA signature predicts freedom from recurrence
after multimodal therapy in locally advanced HNSCC. Similar to the ret-
rospective discovery study, the 5-miRNA signature split ECE-negative
patients. The 5-miRNA signature was positively validated in an indepen-
dent HNSCC cohort and thus gains potential for clinical application.

Trial registration and/or ethics approval number Ethical approval (EA)
for this study was obtained by the ethics committee of the LMU (EA 312-
12,448-13,17-116).
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Background Intrinsic chemo- and radioresistance of human papilloma
virus (HPV) -negative head and neck squamous cell carcinoma (HNSCC)
result in a poor prognosis for patients. Combining ionizing radiation (IR)
with small molecule inhibitors (SMI) of the cellular DNA repair mecha-
nisms has radiosensitizing potential.

Materials and methods We used the MRN (Mre11, Rad50, Nbs1) inhibi-
tor Mirin (30 uM) to treat five HPV-negative and two HPV-positive HNSCC
cell lines. Fibroblasts served as healthy control. The cells additionally
received 2 Gray IR 3 h after Mirin addition. We determined apoptosis
(Annexin V), necrosis (7-AAD), and cell cycle distribution (Hoechst) with
flow cytometry. Moreover, we measured DNA damage (YH2AX) with
immunostaining and colony formation.

Results Colony formation of HPV-negative cell lines was clearly reduced
by Mirin (surviving fraction (SF) 0.13-0.49 normalized to DMSO control).
Moreover, they were radiosensitized (SF 0.08-0.34) by the combined
treatment, whereas the HPV-positive cell lines did not profit from Mirin
or the combined treatment at all. The increase of cells in G2/M phase
from IR alone to the combined treatment by 6.4-18.5% also resulted from
the radiosensitizing effect of Mirin in HPV-negative HNSCC cell lines. In
contrast, the amount of HPV-positive cells in G2/M phase after IR and the
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combined treatment was comparable. Regarding cell death, HPV-positive
cell lines were not sensitive to Mirin as well but in HPV-negative ones the
number of dead cells increased by 9.8-23.4% after the combined treat-
ment compared to IR alone.

Conclusions Inhibition of the MRN complex by the SMI Mirin led to
radiosensitization of all tested HPV-negative HNSCC cell lines. This gen-
eral effect has never been observed with any other inhibitor in our group;
instead, in other studies there were always cell line dependent effects. In
contrast, HPV-positive cell lines did not react to Mirin or the combined
treatment with IR. In the future, the different underlying mechanisms in
HPV-positive and -negative HNSCCs should be investigated in detail. Nev-
ertheless, Mirin in combination with IR is a promising molecule for the
treatment of therapy-resistant HPV-negative HNSCCs.
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Background Survivin, a key member of the inhibitor of apoptosis pro-
tein (IAP) family, plays a crucial role in tumor cell survival and resistance
to radiotherapy. Targeting Survivin using siRNA offers a potential strategy
to enhance radiosensitivity, but efficient intracellular delivery remains a
challenge due to siRNA's inherent instability and poor cellular uptake. This
study evaluates two nanoparticle-based delivery platforms designed to
enhance Survivin knockdown and improve therapeutic efficacy in non-
small cell lung cancer (NSCLC) models.

Materials and methods Human NSCLC (H23, H1299) lines and murine
LL2 cells were transfected with Survivin-specific siRNAs using two dif-
ferent nanoparticle formulations: tyrosine-modified linear polyethyl-
eneimine (LP10Y) and polypropylene dendrimers (PPI-Y). Roti-Fect PLUS
served as a reference control. Western blotting was performed at 24 h
(murine cells) and 48 h (human cells) post-transfection to assess Survivin
expression. Following transfection, cells were irradiated at doses of 2, 4, or
6 Gy (X-ray, single exposure). Apoptosis rates were quantified via cytofluo-
rometry, and the ability of cells to survive and form colonies was evalu-
ated in a 3D environment using a laminin-rich extracellular matrix. DNA
damage repair capacity was determined by analyzing yH2AX/53BP1 foci
by microscopic quantification.

Results Both nanoparticle formulations significantly enhanced siRNA
delivery efficiency and Survivin knockdown compared to Roti-Fect PLUS
across all tested cell lines. Among the nanoparticle-based systems, PPI-Y
achieved the highest level of Survivin suppression. Functional assays
revealed that cells treated with PPI-Y nanoparticles demonstrated the
most potent radiosensitizing effect while maintaining the lowest toxic-
ity. Moreover, the inhibition of DNA repair, as evidenced by an increase in
persistent YH2AX/53BP1 foci, was most pronounced in PPI-Y-treated LL2
cells, while LP10Y and Roti-Fect PLUS exhibited moderate effects.
Conclusions The use of nanoparticles for siRNA-mediated attenuation of
Survivin significantly enhances therapeutic efficacy in NSCLC models. PPI-
Y, in particular, demonstrates superior delivery efficiency and radiosen-
sitizing potential, making it a promising candidate for further preclinical
evaluation in an orthotopic LL2 tumor model.
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Background Medulloblastoma (MB), the most common malignant brain
tumor in children, is classified into molecular subgroups with distinct
prognoses and therapeutic responses. These subgroups include WNT-MB,
SHH-MB TP53 wild type, SHH-MB TP53 mutated, and non-WNT/non-SHH,
with further epigenetic divisions into group 3 (MB-G3) and group 4 (MB-
G4). While WNT-MB is associated with favorable outcomes, MYC-amplified
MB-G3 and SHH-MB TP53 mutated subtypes have poor progression-free
survival rates (< 20%). Current treatments, including radiation, often cause
severe long-term side effects. Our goal is to identify novel metabolic tar-
gets for radiosensitization of MB, alone or in combination with PARP1/2
inhibition, to improve therapeutic efficacy and reduce adverse effects.
Materials and methods We performed a basal radiobiological charac-
terization of MB cell lines representing the SHH-MB (DAOY, ONS-76) or
MB-G3/4 (D283, HDMBO3) subgroups. Therefore, we analyzed short-term
(24-72 h proliferation, cell death) and long-term effects (colony forma-
tion assay) upon irradiation (0-10 Gy). Additionally, we have performed
functional metabolic characterization of aforementioned cell lines upon
IR and combination with PARP-inhibitors (pamiparib, olaparib) by using
Seahorse XFe96 Bioanalyzer (Agilent) and metabolic phenotyping by
using ODIN-L (Biolog). We plan to validate our findings in-ovo by using a
chicken chorioallantoic membrane (CAM) model.

Results Our first results to increased short-term proliferation ability of
radioresistant SHH-MB cell lines as well as increased metabolic activ-
ity and total ATP levels compared to radiosensitive MB-G3/4 cell lines.
Changes in metabolic phenotypes upon irradiation alone or in combina-
tion with Pamiparib are currently ongoing.

Conclusions Our findings revealed distinct metabolic profiles and radio-
biological characteristics between SHH-MB and MB-G3/4 subgroups,
with SHH-MB cell lines showing increased proliferation and metabolic
activity compared to MB-G3/4. These preliminary results suggest that
targeting metabolic pathways, particularly in combination with PARP
inhibition, may provide a promising approach to radiosensitize resistant
MB subtypes. Ongoing studies, including functional metabolic analyses
and validation in the CAM model, aim to further elucidate therapeutic
vulnerabilities and pave the way for novel, subtype-specific treatment
strategies.
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Background The tumor microenvironment (TME) influences progres-
sion and treatment response in head and neck squamous cell carcinoma
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(HNSCC). While molecular subtypes have been extensively studied, TME
heterogeneity in HPV (human papillomavirus)-negative HNSCC remains
underexplored. We aimed to identify transcriptome-derived TME sub-
types (hTMEs) and evaluate their clinical and biological significance.
Materials and methods To identify hTMEs we applied the EcoTyper
framework(1) to transcriptomes from HPV-negative TCGA-HNSC(2, 3)
cases (n=242), using a single-cell HNSCC reference. Subtypes were
reconstructed in independent HPV-negative cohorts (LMU-KKG(4),
DKTK-ROG(5), LIFE-HNG(6); n=469) and validated by spatial transcrip-
tomics. Associations with cell states, clinical parameters and survival out-
comes (overall-/recurrence-free survival, freedom from recurrence) were
assessed using Cox models. Additionally, we calculated the radiosensitiv-
ity index(7) (RSI) and genomic-adjusted radiation dose(8) (GARD) for LMU-
KKG, DKTK-ROG and analyzed their associations with hTMEs, cell states,
and clinical variables.

Results Four hTMEs were identified with distinct immune and stromal
compositions. hNTME-1 and hTME-2 were associated with favorable prog-
nosis, while hTME-3 showed reduced OS (HR 1.68) and RFS (HR 1.74)
independent of clinical prognosticators TNM-N, extracapsular spread
and lymphovascular invasion. Spatial transcriptomics confirmed spa-
tially colocalized enrichment of p-EMT-like malignant cells and CAF-rich
fibroblasts in hTME-3. hTMEs correlated with tumor localization, immune
signatures and molecular classifications, but not with TNM stage. hTME-1
and hTME-3 showed increased RSI and decreased GARD compared to
hTME-2 (p <0.05), indicating higher intrinsic radioresistance and reduced
biological effectiveness of the applied radiation doses (mean RSI/GARD/
total dose: hTME-1, 0.22/52.2 Gy/64.1 Gy; hTME-3, 0.27/51.3 Gy/64.5 Gy;
hTME-2, 0.17/64.5 Gy/64.3 Gy).

Conclusions hTMEs delineate biologically and clinically distinct ecosys-
tems in HPV-negative HNSCC while hTME-3 was independently asso-
ciated with poor prognosis and characterized by spatially colocalized
p-EMT-like malignant cells and CAF-rich fibroblasts. Via RSI and GARD,
hTMEs were linked to intrinsic radiosensitivity and biological efficacy of
delivered doses and provide potential in stratified radiotherapy in HPV-
negative HNSCC.

Ethics approval numbers EA 312-12,448-13,17-116.
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Background The endoribonuclease Dicer covers an enzyme enabling
cleavage of double-stranded pre-microRNA into short double-stranded
RNA fragments (microRNA) while Carbonic anhydrase 9 (CA9) is a trans-
membrane dimeric metalloenzyme that facilitates acid secretion. An
inverse correlation between the two markers was reported for example
in hepatocellular cancer. The aim of the study was to evaluate the expres-
sion and a prognostic value of biomarker DICER and CA9 expression in
patients treated with definitive chemoradiotherapy (CRT) for anal squa-
mous cell carcinoma.

Materials and methods The biomarkers were scored by multiplex
immunofluorescence (Vectra 3 quantitative pathology imaging sys-
tem, Perkin Elmer, n=92) on pre-treatment biopsies and correlated with
patient’s histopathological characteristics and clinical endpoints cumula-
tive incidence of local control (LC), distant recurrences (DC), disease-free
survival (DFS) and overall survival (OS).

Results We observed a significant correlation between DICER and CA9
expression. By contrast, DICER and CA9 expression does not correlate
with age, gender T/NM stage and grading. High levels of DICER detection
(>median) were predictive forimproved LC (p=0.012) and DFS (p=0.048),
while elevated levels of CA9 (>median) correlated with decreased LC
(p=0.009), decreased DC (p=0.001), decreased DFS (p=0.022) and OS
(p=0.008). In multivariate analyses, Dicer and CA9 detection remained
significant for LC (p=0.009, and p=0.028, respectively).

Conclusions These data indicate that elevated levels of pretreatment
CA9 and low levels of DICER are correlated with an unfavourable clini-
cal outcome in patients with anal carcinoma treated with definitive CRT,
These retrospective data are currently being validated in a prospective
RADIANCE clinical trial.

Trial registration and/or ethics approval number Ethical approval (EA)
for this study was obtained by the ethics committee of the University
Hospital of Frankfurt am Main (Protocol Number 458/17).
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Background Locally advanced HPV (human paillomavirus)-nega-
tive head and neck squamous cell carcinoma (HNSCC) presents with
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substantial molecular and clinical heterogeneity, contributing to poor
prognosis despite multimodal treatment. There is an unmet need for inte-
grative biomarkers that leverage routine diagnostic modalities to support
risk stratification and guide treatment decisions.

Materials and methods We analyzed three cohorts (TCGA [1], LMU-KKG
[2]), DKTK-ROG[3]) of patients with locally advanced HPV-negative HNSCC
treated with adjuvant radio(chemotherapy) for which transcriptomic
data, digitized histopathology slides, and radiotherapy planning CTs were
available. Deep learning models were developed to predict molecular
subgroups and clinical parameters from histology alone, using atten-
tion mechanisms for representability. In parallel, convolutional neural
networks were trained on planning CTs to predict clinical outcomes and
variables. A multimodal framework was implemented to integrate tran-
scriptomics, histology, and imaging data for joint prediction tasks.
Results Histology-based models accurately predicted transcriptome-
defined molecular subgroups and key clinical variables. Attention maps
highlighted morphological correlates of predictive features, supporting
model transparency and paving the way for automated histological anno-
tation. CT-based models achieved reliable performance in predicting
outcome-related clinical variables. Importantly, multimodal integration of
transcriptomic, histological, and imaging data led to improved predictive
accuracy across endpoints compared to single-modality models.
Conclusions This study demonstrates the feasibility and added value
of Al-based multimodal prediction in locally advanced HPV-negative
HNSCC. By integrating routine histology, imaging and molecular profiles,
we lay the foundation for interpretable and clinically applicable tools to
support precision oncology in a high-risk patient population.

Trial registration and/or ethics approval number EA 312-12, 448-13,
17-116.
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Background The development of late toxicity after radiotherapy is
thought to be influenced by multiple risk factors with modest effect
sizes. In this study, the hypothesis was tested that some factors may
only become relevant within distinct subgroups defined by different
functional pathways [1], and the potential for predictive modeling was
assessed.

Materials and methods DNA, CD4+radiation-induced lymphocyte
apoptosis (RILA) data, and long-term follow-up (10.3-12.8 years) were
collected from n=238 patients in the German ISE breast cancer cohort
[2]. Moderate-severe fibrosis was observed in 71 patients (29.8%). Three
candidate SNPs, which had been identified previously, were genotyped
through PCR. Predictive modeling was carried out using partition analysis
(PA) and ensemble machine learning (ML) methods. The identities of the
two SNPs and the details of the ML models will be disclosed at the DeGBS
meeting.
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Results Significant associations with breast fibrosis were found for two
SNPs and two clinical parameters (BMI and hypertension, HTN). Six sub-
groups were identified by PA using these features along with RILA values.
It was observed that BMI and the two SNPs were significantly associated
with fibrosis in the RILA-low subgroup (high-risk) but not in the RILA-high
subgroup (low-risk). The opposite was detected for HTN, which showed
significance only in the RILA-high subgroup. No significant associations
were found within the complementary RILA subgroups, thereby provid-
ing strong support for our subgroup hypothesis. Three risk groups (low,
intermediate, high) were formed from the six subgroups, showing a
five-fold difference in fibrosis risk (p <0.0001). Two ML models were cre-
ated, which predictions were combined. Three risk groups were gener-
ated, showing a strong correlation with the risk groups identified by PA
(p<0.0001). Based on the five-feature ML model, 80% of patients were
classified as either high-risk (13.7% with 83.3% fibrosis risk) or low-risk
(66.7% with 17.1% fibrosis risk), and an AUC of 0.735 was achieved in ROC
analysis.

Conclusions Strong support for our subgroup hypothesis and robustness
of the combined ML model was demonstrated. However, external valida-
tion could not be performed due to the absence of other cohorts with
long-term follow-up and CD4 + RILA data. A potential reduction of fibrosis
in more than a third of patients could be achieved through the use of the
five-feature ML model, by offering alternative treatment options, such as
partial-breast radiotherapy, to high-risk patients. The correlation with PA
suggests that mechanistic insights could be obtained, and further model
improvements could be explored.
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Background Microbeam Radiation Therapy (MRT) and minibeam radia-
tion therapy (MBRT) are two innovative preclinical concepts in radiotherapy
that collimates X-ray radiation in micrometer-wide, planar beams. Previous
research has shown that MRT substantially spares normal tissue, while being
equally effective in tumor ablation. The aim of this study was to determine
the tumor control probability in an in vivo mouse xenograft model compar-
ing MRT and MBRT with conventional broadbeam radiotherapy (BB).

Materials and methods 8-12 week old immunocompromised CD-1
Foxn1nu mice from Charles River were injected subcutaneously into the
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right flank with A549 cells (human non-small cell lung carcinoma). Once
the tumors reached a volume of>60 mm?, the mice were randomly
assigned to specific groups and irradiated accordingly. All animals were
irradiated with X-rays using a self-developed setup within the small ani-
mal irradiation device, XenX by X-Strahl. Tumors were irradiated by MRT
with microbeams of 100 um in width, with a CTC (center to center dis-
tance) of about 416 um and a PVDR of 25. Tumors were irradiated by
MBRT with minibeams of 525 um in width, with a CTC (center to center
distance) of about 2100 pm and a PVDR of 24. The irradiation time for MRT
and MBRT was determined using the concept of the equivalent uniform
dose (EUD) based on the linear quadratic model (LQM). Tumor volumes
after treatment were constantly measured with a caliper for a total follow-
up time of 120 days. The volumes obtained were analyzed to determine
tumor control or regrowth. The percentages of tumor control among all
the dose groups for MRT, MBRT and BB were fitted with a logistic regres-
sion and the corresponding TCD50 values were obtained.

Results The TCD50 (dose needed to control 50% of the tumors) values
obtained for MRT and MBRT were similar with TCD50 values of 20+2 Gy
and 21+1 Gy, respectively. For animals irradiated with conventional
broad beam irradiation (BB), the TCD50 value was significant higher
(3243 Gy; p<0.001).

Conclusions Our results demonstrate that both microbeams and mini-
beams perform significantly better in controlling tumors than conven-
tional treatment. The decrease in dose broadens the therapeutic window
of MRT and therefore reduces normal tissue side effects. This suggests a
potential benefit of MRT and MBRT for the treatment of human lung can-
cer. Furthermore, we observed no significant differences between MRT
and MBRT in terms of tumor control probability.
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Background Angiosarcomas (AS) are rare, aggressive malignancies aris-
ing from endothelial cells in various anatomical sites. They can occur as
primary tumors or develop secondarily following radiotherapy. While
key driver genes of AS have already been identified, specific molecular
changes of radiogenic AS remain poorly characterized and the subject of
ongoing debate.

Materials and methods We performed 3'RNA sequencing and array
comparative genomic hybridization (@CGH) from formalin-fixed paraffin-
embedded tissue sections of a single-center cohort (LMU University
Hospital Munich) consisting of 15 sporadic and 12 radiogenic AS. Radio-
genic AS in this study have developed in the breast of female patients
who had previously undergone radiotherapy for breast cancer. The sec-
ondary tumors arose within the high-dose radiation field of previous
radiotherapy. Our goal was to investigate molecular alterations in both
AS subgroups to identify molecular markers associated with their differ-
ent pathogenesis. We analyzed genome-wide copy number aberrations
(CNAs) and differentially expressed genes (DEGs) between both sub-
groups using aCGH and RNAseq data, followed by molecular character-
ization through genomic and transcriptomic data integration and gene
set enrichment analyses.

Results A total of twelve distinct CNAs were identified between sporadic
and radiogenic AS. Chromosome 8q aberrations were of particular inter-
est, as c-MYC alterations have previously been reported in secondary AS.
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Five genes—c-MYC, SMURF2, CASC11, PDLIM1, and ZNF280B—were con-
sistently deregulated at both the genome and transcript levels. Addition-
ally, SMURF2 CNA and overexpression were related to poor prognosis and
increased metastasis rates. Co-enrichment of E2F and MYC target gene
sets, alongside elevated M phase, DNA repair, and mitotic progression
pathways, suggests a highly proliferative tumor phenotype of radiogenic
AS, characterized by accelerated cell cycle progression, metabolic repro-
gramming, replication stress, and genomic instability.

Conclusions This multi-level molecular study revealed distinct genomic
and transcriptomic patterns in radiogenic AS, which are associated with a
more aggressive tumor phenotype compared to sporadic primary AS. The
key findings pointed to potential markers for diagnosis and to subgroup-
specific therapeutical targets for personalized treatment of AS.

Trial registration and/or ethics approval number Ethical approval (EA)
for this study was obtained by the ethics committee of the LMU (18-830).

Young investigators' session: Replace, reduce, refine—Innovative
strategies for translational radiation research
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Background Oral squamous cell carcinoma (OSCC) is the most common
subtype of head and neck cancer and arises from different anatomical
sites in the oral cavity. These sites exhibit heterogeneous morphologies,
and the prevalence of OSCC varies significantly between anatomical loca-
tions; however, the underlying mechanisms driving this oral site specific-
ity remain largely unexplored, hindering the development of improved
treatment options. Apart from surgery, current therapies—such as che-
motherapy, radiotherapy, and immunotherapy—have not shown signifi-
cant improvements in overall patient survival, which remains below 50%.
Elucidating the molecular mechanisms that lead to oral site-specificity
and inter- and intra-patient heterogeneity in OSCC is crucial for develop-
ing more effective treatment strategies and enhancing patient outcomes.
Materials and methods We have established a biobank of patient-
derived organoids (PDOs), which are derived from tissue samples
obtained from OSCC patients [1,2]. These samples include normal oral
mucosa, as well as primary, recurrent and metastatic OSCC tissue. We
characterised the PDOs using histology, immunofluorescence staining,
real-time PCR, and RNA sequencing [2]. PDO lines were then used in drug
and radiochemotherapy screens to identify OSCC organoids that were
sensitive or resistant to therapy [1].

Results OSCC-derived PDOs from different oral sites can be cultured
long-term and recapitulate the histology of the tumour epithelium of ori-
gin, as well as robustly express biomarkers such as CDH1, KRT14, P63, and
MKI67. In drug and radiochemotherapy screens, we have identified PDO-
specific responses to chemotherapeutic agents that reflect tumour het-
erogeneity between patients. We are currently using our patient-matched
PDOs to explore the intra-patient drug responses of primary, relapsed
and metastatic OSCC, as well as the underlying molecular mechanisms.
Conclusions Our living biobank comprises a diverse array of patient-
derived OSCC samples, providing a powerful resource to enhance treat-
ment strategies and improve patient survival rates by facilitating the
development of more effective screening methods. Using this approach,
we aim to bridge the gap between in vitro findings and clinical applica-
tions, ultimately providing patients with more personalised and targeted
treatment options.
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Trial registration and/or ethics approval number The patient samples
were collected at the University Hospital Wirzburg dental clinic follow-
ing written informed consent. Ethical approval was granted by the Ethical
Board of the University of Wirzburg (protocol number: 218/16, amend-
ment 2021).
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Background The chorioallantoic membrane (CAM) assay enables the
transplantation of tumor cells onto the highly vascularized membrane of
the chicken embryo, which serves as a natural bioreactor enriched with
growth-promoting factors. Tumors that form on the CAM can be har-
vested as either fresh or formalin-fixed tissue for downstream analyses.
This model is particularly well-suited for studying tumor growth dynam-
ics, invasive behavior, and metastatic potential. Notably, the CAM assay
offers a unique opportunity to spatially resolve intratumoral heterogene-
ity (ITH)—for example, by comparing the tumor center with the invasive
front. ITH arises from clonal evolution during tumor progression and is a
key driver of therapy resistance in colorectal cancer (CRC), often accom-
panied by high cellular plasticity, especially in the context of invasion.
Materials and methods | will present the standard operating proce-
dures (SOPs) and experimental setup of the CAM assay, including a video
demonstration of key steps in tumor transplantation. Several applications
will be highlighted, including ITH analysis of the methyltransferase EZH2
and modulation of tumor growth under metabolic stress. In addition, |
will introduce a spatial transcriptomics approach (NanoString) to identify
novel cancer- associated genes in collectively migrating tumor cell clus-
ters at the invasive front.

Results Our findings demonstrate that the CAM assay can be effectively
used to generate hypotheses, validate in vitro observations, and confirm
biological relevance in a dynamic, in vivo-like environment.

Conclusions Since chicken embryos are not classified as animals under
current legislation prior to hatching, the CAM assay aligns with the 3Rs
principle (Replace, Reduce, Refine). It therefore represents an ethically
responsible and highly informative alternative to conventional animal
models in cancer research.
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Background Lung cancer remains the leading cause of cancer-related
mortality worldwide, with non-small cell lung cancer (NSCLC) constitut-
ing the majority of cases. Radiotherapy plays a crucial role in treatment;
however, preclinical evaluation of novel radiation techniques is ham-
pered by the limitations of conventional 2D models and ethical concerns
associated with animal testing. The emergence of three-dimensional (3D)
bioprinting offers an innovative approach to replicate tumor microen-
vironments and enhance the translational relevance of radiobiological
studies.

Materials and methods Three studies were integrated to evaluate and
enhance 3D bioprinted lung cancer models for radiotherapy research.
First, we established 3D bioprinted constructs of A549 NSCLC cells using
a gelatin-alginate-Matrigel matrix, validated for mechanical stability and
radiobiological responsiveness under high-dose microbeam and broad-
beam irradiation at synchrotron beamlines [1]. Second, to simulate in vivo
conditions, bioprinted tumors were embedded in a 3D-printed mouse
phantom mimicking murine tissue density and radiological properties,
and irradiated under clinical X-ray beam setups [2]. Third, we developed
perfusable, vascularized 3D organ models via a novel sacrificial-free direct
ink writing (SF-DIW) technique, which enabled precise fabrication of hol-
low vascular channels without compromising structural integrity or cell
viability. These models were integrated with a custom perfusion system
to sustain long-term culture and dynamic drug testing [3].

Results In the first study, 3D constructs withstood synchrotron-based
irradiation and allowed spatial discrimination of DNA damage (yH2AX
foci), apoptosis, and metabolic activity across irradiated and non-irradi-
ated regions. Microbeam irradiation induced localized cell death confined
to peak dose zones, a distinction unresolvable in 2D cultures. Models
embedded in a mouse phantom for the second study demonstrated
dose distributions comparable to in vivo settings, with increased accuracy
in simulating thoracic radiotherapy. Finally, the SF-DIW approach yielded
perfusable constructs that supported tumor-stroma interactions and
drug metabolism studies. Perfused models exhibited superior viability,
physiological relevance, and drug response compared to static cultures.
Conclusions The integration of 3D bioprinting with synchrotron-based
microbeam irradiation, radiologically accurate phantoms, and perfusion
systems provides a robust and ethically viable platform for preclinical
radiotherapy research. These advanced in vitro models recapitulate tumor
microenvironments more effectively than 2D cultures or static 3D models,
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and hold promise for evaluating novel therapeutic strategies, including
high-dose rate and spatially fractionated radiotherapy techniques.
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