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Keynote Speaker

Ralph Weissleder, Harvard/MGH USA
Imaging live: more, faster and possibly in patients

The ability to observe cells in live organisms is essential for
understanding their function in complex in vivo milieus. A
major challenge today has been the limited ability to perform
higher multiplexing beyond the 4-6 “colors” to define cell
subtypes in vivo. I will present new strategies for higher
multiplexed in vitro and in vivo imaging than is currently
possible. Based on advances in bioorthogonal chemistry, we
have recently achieved 12 color in vivo imaging enabling
visualization of entire immune cell repertoires, broad cell
profiling in heterogenous models and imaging of drug delivery
and cellular effects (PK/PD) in live mice. I will also discuss
newer generations of myeloid cell targeted Therapeutics and
their testing in mouse models of cancer using intravital
imaging.
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Session 1: Advanced 
Intravital microscopy

Jan Böttcher, Technical University of Munich, Germany.
Spatial and functional coordination of anti-cancer immunity
by conventional type 1 dendritic cells

Initiation of anti-cancer immunity is thought to depend on
priming of tumor-specific CD8+ T cells by type 1 conventional
dendritic cells (cDC1), but whether effective anti-cancer
immunity requires cDC1 to orchestrate T cell responses within
tumors remains poorly understood. Here, we use imaging-
based deep learning to identify intratumoral cDC1-CD8+ T cell
clustering as a critical determinant of protective anti-cancer
immunity in mouse cancer models. These clusters form
selectively in stromal tumor regions in mouse and human
cancers and constitute niches in which cDC1 amplify anti-
cancer CD8+ T cell responses. We identify a distinct population
of tumor-resident MHCIIhiCCR7neg cDC1 that exclusively
stimulate tumor-specific CD8+ T cells within these niches.
Mechanistically, MHCIIhiCCR7neg cDC1 produce CXCL9 to
promote cluster formation and (cross-)present tumor antigens
to activate and expand tumor-infiltrating CD8+ T cells, which is
required for cancer immune control. Our findings reveal an
intratumoral phase of anti-cancer T cell responses
orchestrated by MHCIIhiCCR7neg cDC1 that determines
protective versus ineffective anti-cancer immunity and could
be exploited for cancer therapy.
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Session 1: Advanced 
Intravital microscopy

Matteo Iannacone, San Raffaele Scientific Institute Milan, Italy
Immune surveillance of the liver

I will discuss our current work trying to understand the
generation of dysfunctional adaptive immune cells in chronic
hepatitis B virus (HBV) infection and to develop new strategies to
reprogram them into functional cells endowed with potent
antiviral activity. Taking advantage of unique mouse models of
HBV pathogenesis, several of which were created ad hoc, and
well-characterized cohorts of patients, we dissect and target
dysregulated pathways that characterize adaptive immune cell
dysfunction during chronic hepatitis B. State-of-the-art static and
dynamic imaging are used to analyze the behavior of adaptive
immune cells ultimately differentiating into dysfunctional cells in
the liver at an unprecedented level of spatial and temporal
resolution. In parallel, high-dimensional flow cytometry and
single-cell sequencing performed in mouse models of HBV
pathogenesis and in chronically infected patients reveal the
proteogenomic landscape and heterogeneity underlying adaptive
immune cell dysfunction. Finally, immune-regulatory mechanisms
that have been already identified or that will emerge are targeted
both in vitro and in vivo. In addition to fostering new concepts in
adaptive immunity and viral pathogenesis, our research has the
potential to instruct the design of novel, rational strategies that
direct the immune system to terminate chronic HBV infection and
its attendant costs and complications.
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Session 1: Advanced 
Intravital microscopy

Colinda LGJ Scheele, VIB-KU Leuven Center for Cancer Biology,
Belgium.
Multi-dimensional imaging of tumor initiation in the breast:
how does healthy tissue structure prevent tumor formation?

Cells that have acquired mutations in driver genes are abundant in tissues of healthy
individuals. In breast tissue it has been suggested that large fields of the epithelial
tree can carry mutations leading to a “sick lobe”. These mutant fields may
predispose to tumor formation, but in most cases mutant branches stay
morphologically untransformed. The underlying mechanisms that on the one hand
allow these mutant cells to stay under the radar, and on the other hand prevent
cancerous cells from transformation are largely unknown. In clinical samples of non-
invasive breast cancer, we combined high-resolution 3D tissue reconstruction with
copy number variation sequencing and confirmed the presence of cells with
oncogenic mutations in morphologically normal breast ducts, indicating that field
cancerization may precede tumor formation. Using lineage tracing of mutant cells
combined with intravital and whole-tissue imaging in murine mammary glands
allowed us to map the dynamics by which mutant fields arise. Strikingly, in most
cases, these cancerous fields did not transform the tissue. By combining quantitative
modelling with 3D imaging over time, we found three mechanisms that protect the
mammary epithelium from transformation: 1. Tissue hierarchy confers the first
protection mechanism against field cancerization as only clones initiated in the stem
cell compartment survive over the short-term. 2. At longer times, local tissue
remodeling during the estrous cycle leads to stochastic collective stem cell
amplification and loss. This process provides a second mechanism of protection,
leading to the elimination of the majority of mutant clones, while massively
accelerating the expansion of a minority of clones that, by chance, survive. 3.
Eventually, this process of clone expansion becomes restrained by the one-
dimensional geometry of the ducts, providing a third mechanism to protect the
epithelium against uncontrolled colonization by mutant clones. Together, these
findings reveal layers of protection that serve to eliminate the majority of cells that
acquire chance somatic mutations at the expense of driving the accelerated
expansion of a minority of cells, which can colonize large areas leading to field
cancerization.
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Session 2: Multimodal 
integration

Johanna Joyce, University of Lausanne, Switzerland
Dynamic and Multimodal Imaging of the Brain Tumor
Microenvironment

Brain malignancies, including high-grade gliomas, are characterized by a
complex tumor microenvironment (TME) that plays a critical role in
cancer progression and therapeutic response. Tumor-associated
macrophages (TAMs) constitute a major immune cell type infiltrating the
brain TME, and increasing TAM abundance is associated with more
aggressive disease in human brain cancers. To gain insight into the
dynamic interactions between TAMs, cancer cells, and other components
of the TME during disease progression and therapeutic intervention, we
have developed a multimodal longitudinal imaging strategy. We combined
macroscopical magnetic resonance imaging (MRI) with subcellular
resolution two-photon intravital microscopy. By using this strategy, we
revealed that the migratory behavior of TAMs is different in genetically
distinct glioblastomas, and in response to macrophage-targeted therapy.
We have also taken advantage of multispectral fluorine-19 MRI to
noninvasively and longitudinally monitor TAMs by injecting
perfluorocarbon-containing nanoparticles (PFC-NP) in preclinical models
of gliomagenesis, breast-to-brain metastasis, and breast cancer.
Multispectral 19F MRI with two distinct PFC-NP allowed us to identify
spatially and temporally distinct TAM niches in radiotherapy-recurrent
gliomas. These studies highlight the power of multimodal imaging and
19F MRI as valuable tools for the non-invasive and longitudinal
monitoring of the TME in cancer. Together, our results underscore the
importance of studying cancer longitudinally in an in vivo setting, to
reveal complex and dynamic alterations in the TME during disease
progression and therapeutic intervention.
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Session 2: Multimodal 
integration

Laura Mezzanotte, Erasmus MC, Netherlands.
Multiscale and multimodal imaging of cancer using novel
bioluminescent tools

Bioluminescence imaging is nowadays routinely employed in
biomedical and pharmaceutical research to study gene
expression and protein interactions, and to assess drug efficacy
and other interventions for cancer. The main advantage of
bioluminescence imaging relies on the high signal to noise ratio,
generating high specificity. In the last decades, a great scientific
effort has led to generation of a plethora of bioluminescent
systems aimed at improved sensitivity, resolution and
multiplexing capabilities.
This lecture will discuss recent advances from my laboratory on
bioluminescence microscopy imaging of single cancer cells and
immune cells on chips , on multiplexed bioluminescence imaging
for small and large animals and its combination with other
imaging modalities (e.g. PET/SPECT, MRI; and photoacoustic
imaging) to elucidate interactions between tumor and immune
cells of the stroma.
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Session 2: Multimodal 
integration

Margret Schottelius, CHUV, Switzerland.
The power of nuclear imaging in immuno-oncology

Cancer immunotherapy, i.e. the concept of enhancing tumor-specific immunity via e.g. adoptive
T-cell transfer, immune checkpoint inhibition or other interventions, has evolved as a powerful
therapeutic approach in clinical oncology. However, durable clinical responses are only achieved
in a relatively small fraction of patients (on average 30%), while the majority of patients either
do not respond to immunotherapy or develop resistance.
Mechanisms underlying resistance or short-term response to these therapies are intricate and
dynamic, and a more detailed and accurate insight into the highly complex and interwoven
mutual relationships between the tumor, the cells of the tumor microenvironment (TME) and
the immune system are required to identify reliable predictive biomarkers for ICI therapies.
These are urgently needed for enhanced predictability of therapy response vs non-response
and thus improved patient selection.
The complexity of the interplay of the tumor with its immune microenvironment, its individual
kinetics, the multitude of distinct cell types contributing to or preventing efficient therapy
provides a huge abundance of potential molecular biomarkers, present on both tumor cells and
cells of the TME. Consequently, the clinically established and newly emerging nuclear imaging
concepts in the context of immuno-oncology cover a broad scope, including:
• in vivo quantification of the expression therapeutic targets (PD-1/PD-L1/CTLA-4),
• pre- and post-therapeutic assessment of the tumor immune status by quantitative imaging of
specific immune cell populations (CD8+ T cells, CD4+ T cells, neutrophils, NK cells),
• quantification of pro-tumorigenic immune cell infiltrates (e.g. M2 macrophages)
• imaging of specific pro-tumorigenic cells of the TME, e.g. FAP+ CAFs, and
• assessment of the T-cell activation status by targeting specific activation markers,
to name only the most important approaches. The true challenge now lies in the identification,
selection and maybe even combination of the clinically most relevant and robust targets for
nuclear imaging in the context of immunotherapy.
It will be the objective of this contribution to provide a comprehensive overview over these
highly diverse nuclear imaging approaches, encompassing the full range of preclinical proof-of-
concept- up to clinical studies. Additionally, it will highlight recent radiopharmaceutical
developments, discuss the challenges and limitations for radiopharmaceutical development in
the specific domain of TME imaging, and to weigh the potential of the respective targeting
strategy to yield patient-specific, therapy-decisive and predictive information.
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Session 3: Image analysis
AI

Adrien Depeursinge, HES-SO Valais / CHUV, Switzerland.
Multimodal image analysis using AI for precision oncology: an
overview

Medical images have evolved into extremely rich and complex
scientific data. However, human observers are suboptimal at
performing quantitative, comprehensive, and reproducible
analysis of the latter.
In the past decade, Artificial Intelligence (AI) and in particular
deep learning has revolutionized the ability to incorporate and
linearize vast amounts of multimodal and multidimensional data
in order to produce clinically actionable outputs under the form
of scores, risks, decisions or regions of interest.
While focusing on multimodal clinical imaging at the macroscopic
radiological scale, we will introduce the fundamentals of AI, deep
learning and radiomics methods as well as their current clinical
certification status. Main addressed tasks and related maturity
status will be discussed, separating the expected impact and
requirements of image-based AI in oncology research from
practice.
Selected current efforts and platforms bred in a CHUV/HES-SO
ecosystem will be presented to concretely illustrate the
aforementioned methods, highlight remaining challenges and
propose avenues for addressing them.
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Session 3: Image analysis
AI

Kuangyu Shi, University of Bern, Switzerland.
Quantitative analysis of molecular imaging for the
interpretation of underlying physiology

Molecular imaging provides a noninvasive way to visualize
physiological features and PET is a widely applied molecular
imaging method in clinical routine. With the advancement of
targeted PET tracers, it is possible to assess multiple physiological
features such as perfusion, glycolysis, proliferation and hypoxia.
However, it is not straightforward to interpret the PET imaging
signals for underlying physiology due to heterogeneous tracer
delivery and uptake in the tumour microenvironment. This talk
will discuss the potential of pharmacokinetic modelling,
computational biology and artificial intelligence in the
quantitative interpretation of the underlying physiology of PET
imaging. Furthermore, it will also discuss new experimental
platforms including on-chip PET and intravital multimodal
imaging to assist in the development of precise quantification of
PET imaging. The combination of experimental and
computational methodologies may enhance the physiological
interpretation of molecular imaging.

Multimodal Imaging - AGORA - Lausanne -
02.02.2023 12



Session 3: Image analysis
AI

González Santiago, Institute for Research in Biomedicine,
Switzerland.
IMMUNEMAP, an open intravital microscopy imaging platform
to enable Spatial-Temporal Dynamic studies in Immunology.

In vivo imaging technologies, such as intravital 2-photon microscopy (IV-
2PM), allows studying immune cell behavior, unraveling unprecedented
details on the spatio-temporal dynamics of the immune response. IV-2PM
generates multidimensional data (3d videos with multiple acquisition
channels that contain a remarkable amount of information regarding the
function of the immune response. IV-2PM videos are classically analyzed
by performing cell tracking and by computing measures of cell motility
and interaction. These data are typically kept in local repositories at the
research institutions, which are poorly interoperable and non accessible
for the community. Conversely, a growing demand for publicly available
microscopy data exists, to ensure reproducibility of the experiments and
to perform large-scale investigations by aggregating data from multiple
laboratories. Hence, the lack of publicly available IV-2PM data hampers
the application of novel data-mining methods for immunological research.
Here we propose IMMUNEMAP, a cloud-based platform to store, retrieve,
and analyze IV-2PM videos of immune cells. IMMUNEMAP fosters the
application of the FAIR principles for open data research, maximizing data
re-usage. To date, IMMUNEMAP includes more than 400 videos from
broad experimental settings (inflammation, cancer, infection, steady-
state), and more than 15000 single-cell tracks. We provide example
applications to identify different migration patterns and analyze the effect
of different imaging protocols on cell motility. In conclusion,
IMMUNEMAP bridges researchers from immunology and computer
science fields, fostering an interdisciplinary approach in biomedical
research.
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Poster 4

A CHEMOKINE-DRIVEN FEEDBACK LOOP PREVENTS ABERRANT T 
CELL ACTIVATION/ OVERSTIMULATION BY TERMINATING THEIR 

CROSSTALK WITH DENDRITIC CELLS

Lukas M. Altenburger1, Daniela Claudino Carvoeiro1, Jianwen Zhou2, Philippe Dehio3, 
Caroline

Krüger4, David Francisco5, Laura Chiara4, Petra Pfenninger1, Jose Martínez Magdaleno1, Jun 
Abe1, Rémy Bruggmann5, Jörn Dengjel2, Matthias Mehling3, Matteo Iannacone4,6,7, Jens V. 

Stein1,*
1 Department of Oncology, Microbiology and Immunology, University of Fribourg, CH-1700 Fribourg, Switzerland

2 Department of Biology, University of Fribourg, CH-1700 Fribourg, Switzerland
3  Department of Biomedicine, University of Basel, CH-4031 Basel, Switzerland

4 Division of Immunology, Transplantation and Infectious Diseases, IRCCS San Raffaele Scientific Institute, Milan, Italy
5 Interfaculty Bioinformatics Unit and Swiss Institute of Bioinformatics, University of Bern, 3012 Bern, Switzerland

6 Vita-Salute San Raffaele University, Milan, Italy
7 Experimental Imaging Center, IRCCS San Raffaele Scientific Institute, Milan, Italy

• Corresponding author

Abstract

CCR7 mediates the colocalization of activated dendritic cells (DCs) and naïve T cells (TN) in
the paracortex of lymphoid organs, where its ligands CCL19 and CCL21 are produced by
local fibroblasts. This process has evolved to shorten the time span required for clonal
selection and expansion of CD8+ effector T cells (TEFF) by increasing the likelihood for TN to
find and engage with cognate pMHC-presenting DCs. Here, we describe a novel function for
CCR7 on CD8+ T cells in regulating TEFF generation. In addition to its role in facilitating T cell-
DC encounters, CCR7 promotes T cell disengagement from DCs at late stages of cognate
interactions. Mechanistically, CCR7 signals drive the promigratory Rac activator DOCK2
away from the late T cell-DC interface to induce T cell detachment. CCR7-mediated T cell
uncoupling from DCs correlates with rapid onset of proliferation and differentiation of TEFF

characterized by high effector function and low PD1 expression. In turn, absence of a CCR7
“rheostat” causes protracted T cell-DC interactions and TCR signal integration, yielding
dysfunctional TEFF that share hallmarks with precursors of exhausted T cells including high
PD-1 expression and reduced in vivo persistence. In sum, our results shed light on the
physiological control of TCR signal duration and identify a key role for lymphoid tissue-
expressed CCR7 ligands to prevent dysfunctional T cell activation, with potential
ramnifications for the design of in vitro T cell activation protocols used in adoptive cell
therapy.
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HEAD-TO-HEAD COMPARISON OF DIFFERENT CLASSES OF FAP RADIOLIGANDS 
DESIGNED TO INCREASE TUMOR RESIDENCE TIME: MONOMER, DIMER, 

ALBUMIN BINDERS, AND SMALL MOLECULES VS PEPTIDES

Jacopo Millul1, Lennart Koepke2, Gaonkar Raghuvir Haridas1, Konstantin Sparrer2, Rosalba
Mansi1 and Melpomeni Fani1
1Division of Radiopharmaceutical Chemistry, University Hospital Basel, Basel, Switzerland
2Institute of Molecular Virology, Ulm University, Ulm, Germany E-mail address:
jacopo.millul@usb.ch
Key words
Research topic: targeted radioligand Method: SPECT-CT and biodistribution Application
of findings: Oncology

Study relevance, rationale and hypothesis: Radioligands targeting Fibroblast Activation
Protein-α (FAP) have demonstrated high oncological diagnostic potential. However, their
therapeutic potential is impaired by the short tumor residence time. Several strategies have
been tested to overcome this limitation. So far, a head-to-head comparison of these
strategies has never been done. In this work, we compared the monomer FAPI-46 versus a)
a dimeric version (FAPI-46-F1D) b) two albumin-binders-conjugates (FAPI-46-Ibu and FAPI-
46-EB), and c) the cyclic peptide FAP-2286. Our aim was to identify the strengths and
limitations of all strategies.

Methods: LogD, IC50 and in vitro characterization of all ligands were evaluated. In vivo
SPECT/CT and biodistribution studies were conducted in FAP-positive and FAP-negative
tumor-bearing mice (dual model with different FAP-expression). Areas under the curve (AUC)
of the tumor uptake and the tumor-to-critical-organs ratios were assessed.

Results: All radioligands showed picomolar IC50 values. 177Lu-FAPI-46-based radioligands
showed similar uptake between the two tumor models, which was different compared to the
peptide. In vivo, 177Lu-FAP-2286 showed the cleanest background among all. The AUC of the
tumor uptake was higher for 177Lu-FAPI-46-F1D and 177Lu-FAPI-46-EB in HT1080.hFAP
xenografts and for 177Lu-FAPI-46-EB and 177Lu-FAP-2286 in HEK293.hFAP xenografts. AUC
of the tumor-to-critical-organs ratios were in favor of 177Lu-FAP-2286, except from tumor-to-
kidneys.

Conclusion: Dimerization and the peptide vs small molecules are the most promising
strategies for prolonging tumor residence time. The peptide showed better tumor-to-
background ratios, besides tumor- to-kidneys, but its tumor uptake was FAP-expression-
dependent. The outcome of the albumin-binder strategy depended heavily on the albumin-
binding moiety.
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