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Fig. 1. 
The tumor microenvironment. 
Tumor cells orchestrate 
directly the modification of 
the microenvironment by 
attracting or activating a 
multitude of cells, including 
endothelial cells, carcinoma 
associated fibroblast, bone 
marrow-derived cells, and 
immune/inflammatory cells. 
Tumor cells can also modify 
the extracellular matrix. Most 
of these stromal modifica-
tions start early during tumor 
progression, often at the 
transition stage from prema-
lignant to malignant lesions. 
Collectively, these events 
will contribute to determine 
the outcome of tumor pro-
gression: tumor growth, dor-
mancy, invasion, metastasis 
and resistance to therapy. 
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Cancer as a tissue disease
Cancer is a genetic disease. Genetic and epigenetic al-
terations activate tumor promoting genes (i.e. onco-
genes, such as Ras, BCR-ABL, PI3K) and/or inactivate 
tumo-suppressor genes (i.e. P53, APC, PTEN) result-
ing in uncontrolled cell growth, escape from cell death, 
and immortality transforming a normal cell into a can-
cer cell. Most of these alterations are acquired as the re-
sult of intrinsic errors of DNA replication during adult 
life. They can be exacerbated by extrinsic noxes, such as 
UV light (i.e. sun exposure), ionizing radiations (e.g. X-
ray), chemicals and materials (e.g. aniline, asbestos), or 
cigarette smoke, but also by intrinsic tissue events, such 
as persistent infections (e.g. HBV, H. Pilory) or chronic 
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inflammation (e.g. colitis ulcerosa). In a minority of cases, 
genetic mutations are inherited by germ line transmission 
thereby greatly increasing the risk of developing cancer 
early in life (e.g.  BRACA1/2  for breast and ovarian cancer, 
APC for colorectal cancer). However, in order to gener-
ate clinically-relevant tumors and progression toward me-
tastasis, complex heterotypic multi-cellular interactions 
between cancer cells and the tumor microenvironment 
(TME) are required. Events in the TME are essential parts 
of tumorigenesis and progression [1]. The TME contains 
many distinct cell types, including endothelial cells, peri-
cytes, fibroblasts, polymorphonuclear leucocytes (neutro-
phils, eosinophils, basophils, mast cells), lymphocytes (T, 
B, NK cells), macrophages and dendritic cells (Fig. 1) [2]. 
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Tumor-infiltrating immune/inflammatory cells play a 
dual role in cancer: on the one side they can repress tu-
mor growth through the adaptive immune response (e.g. 
cytotoxic T cells, NK cells), yet, on the other side they 
can promote growth, invasion and metastasis through na-
tive immune cells (e.g. monocytes, macrophages). In ad-
dition, angiogenic vessels deliver nutrients to cancer cells, 
eliminate metabolic products, and provide an escape route 
for cancer cell dissemination. A multitude of inflamma-
tory, survival and motility factors (e.g. VEGF, EGF, che-
mokines, prostaglandins) and altered extracellular matrix 
provide communication between host and tumor cells 
[3]. The tumor promoting events in the TME are focus of 
intense research by many groups including our (Fig. 2), 
clinicians, and pharmaceutical companies to explore novel 
diagnostic and therapeutic opportunities. 

Projects in our laboratory focus on novel strategies for 
cancer detection and mechanisms of cancer progression 
and metastasis (Fig. 3). Our work is inspired by clinical 
questions and its overarching aim is to identify events and 
molecules with therapeutic, prognostic and predictive 
clinical relevance. Here we present some of the ongoing 
projects. 

Breast cancer metastasis
Cancer metastasis may be viewed as the ultimate out-
come from the somatic evolution of cancer cells that 
have lost control over genomic integrity. The resulting 
genetic and cellular heterogeneity enables the selec-
tion for advantageous traits allowing malignant cells to 
overcome the diverse environmental obstacles encoun-
tered on their way to metastasis. Recent work, however, 

Fig. 2. The Experimental and Translational Oncology (ETO) Group at University of Fribourg. 
The main research interest of the group is the study of tumour-host interaction, tumour-associated inflammation and angioge-
nesis. Main achievements include the unraveling of the role of vascular integrins in mediating TNF cytotoxicity, COX-2-mediated 
angiogenesis, endothelial cell survival and vascular permeability. We identified Akt activation as a mediator of endothelial cell 
survival and of EMT in breast cancer. We characterized the role of CD11b+ leucocytes in angiogenesis, lymphangiogenesis, 
immunosuppression and tumor progression. We developed a blood-based test for detection of colorectal cancer based on 
altered gene expression in leukocytes now on the market (Colox®). Current and recent lab members include: Curzio Rüegg, 
Marie Tamm, Grégory Bieler, Mélanie Bousquenaud, Girieca Lorusso, Jimmy Stalin, Janine Wörthmüller, Samet Cokabey, Ma-
nuel Rodriguez-Perdigon, Sanam Peyvandi, Sarah Cattin, Ivana Domljanovic, Flavia Fico, Yunsha Zhang, Karima Shamu-
ratova, Jeremy Kessler, Laetitia Genoud, Coralie Hoffmann, Oriana Coquoz, Melissa Rizza, Jhoana Scalogna, Ashot Sargsyan. 
For more information and publications see: www3.unifr.ch/med/de/research/groups/ruegg/
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 suggests that only a few additional «virulence» genes 
over those essential for primary tumor growth, occur on 
the way to metastasis [4]. Survival in the secondary tissue 
and colonization are emerging as the rate-limiting steps 
in metastasis. Disseminated cancer cells can «adapt» to 
the novel microenvironment through a combination of 
newly acquired traits and complementary cues provided 
by the surrounding tissue, particularly angiogenic and 
inflammatory/immune cells [3]. As there are no effective 
therapies to cure metastatic cancer, it is important to un-
ravel mechanisms mediating metastatic dissemination, 
colonization and outgrowth. 

We have identified the matricellular protein CCN1/
CYR61 as potent mediator of metastasis through the 
VEGF-independent stimulation of tumor angiogenesis, 
promotion of cell invasion and survival via αV and β1 
integrins and suppression of anoikis through AMPKα-
signaling [5, 6]. In preclinical and clinical studies, we 

showed that anti-angiogenic therapy enhances the  adaptive 
anti-tumor immune response and suppresses inflamma-
tory tumor-promoting response [7, 8]. More recently, 
we showed that inhibition of host NOX1 with specific 
pharmacological inhibitors reduces tumor angiogenesis 
and enhances checkpoint inhibitor-based immunotherapy 
thereby eliciting a better therapeutic response [9]. 

Breast cancer dormancy
The kinetic of breast cancer relapse and metastasis is not 
linear in time but occurs with a bimodal distribution: a 
first peak 1-2 years after surgery and a second one 3-4 
years later [10]. These observations suggested that dis-
seminated cells do not growth continuously, but remain 
quiescent («dormant») for different periods of time, be-
fore resuming growth and forming metastases. Dormancy 
is clinically defined as the time elapsing between primary 
tumour removal and «late» relapse with no clinical evi-
dence of diseases in the interval [11]. Mechanisms of can-
cer dormancy include cellular dormancy (i.e. cell cycle 
arrest), angiogenic dormancy (i.e. lack of angiogenesis) 
and immunological dormancy (i.e. cells kept in check 
by the immune system) [12]. Neoadjuvant and adjuvant 
chemotherapies provide survival benefits to breast cancer 
patients, in particular in ER– cancers, by reducing rates 
of recurrences. It is assumed that the benefits are due to 
the killing of residual cancer cells, however, there is no 
formal evidence for it. To test whether induction of dor-
mancy may be involved in these effects we treated cancer 
cells with chemotherapy and characterized the behavior 
of surviving cells. We observed that treated and surviv-
ing cells had a sustained activation of the IRF7/IFN-β/
IFNAR pathway. IFN signaling twisted a tumor promot-
ing, myelomonocyte-dominated immune response to-
ward a CD4+/CD8+ T cell dominated anti-tumor response 
keeping the disseminated cancer cells in check. Human 
data corroborated experimental results and showed that 
patients with a strong IFN response during chemotherapy 
had a better outcome [13]. These observations may open 
new opportunities to improve chemotherapy efficacy by 
stimulating IFN type I signaling in ER– breast cancers. 

Obesity-induced breast cancer relapses 
Obesity represents a risk factor not only for incidence of 
ER+ breast cancer in post-menopausal women, but also for 
metastatic progression and resistance to therapy in all sub-
sets regardless of the menopausal state [14]. The mecha-
nisms involved in the latter effects remain largely elusive. 
To experimentally address this question, we developed 
mouse models of postmenopausal obesity, and demon-
strated that in ER+ breast cancer, obesity promotes the 
expansion of claudin low, TNBC-like metastasis-initiat-
ing cells. The pro-metastatic effect of obesity is associated 
with hypoxia and recruitment of inflammatory cells [15]. 
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Fig. 3. Topic of research at the experimental and translational 
oncology laboratory (ETO) at the University of Fribourg. 
We are investigating novel approaches for sensitive, 
minimally invasive cancer detection and monitoring (left) and 
mechanisms of tumor progression (right), notably mechanism 
of metastasis, and tumor suppression with the goal to identify 
novel mechanisms and molecules promoting metastasis to 
devise new therapeutic strategies. Most research focuses on 
breast cancer, and to a more limited extent, colorectal cancer. 
Whenever possible experimental results are validated by 
clinical investigations and patient data analyses (CPI, check 
point inhibitors).
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More recently, we have identified a specific population of 
inflammatory cells recruited to the TME of obese mice 
capable of inducing an immunosuppressive state. Inhibi-
tion of these cells prevented obesity-mediated metastasis 
(Bousquenaud et al., submitted). These results open new 
opportunity for personalized adjuvant therapy for obese 
breast cancer patients.

Breast cancer metastasis to the brain
Brain metastasis is a late complication of metastatic breast 
cancer whose incidence is on the rise due to the longer 
survival achieved through a better control of metastatic 
disease in other organs [16]. Treatments for brain metasta-
ses (i.e. whole-brain radiation therapy, stereotactic radio-
surgery, chemotherapy, targeted therapies), show limited 
efficacy reflected in the short survival time upon diagnosis 
[17]. Current models of brain metastasis bypass primary 
tumor development and do not recapitulate all the steps 
of the metastatic cascade as they occur in patients [18]. To 
address this problem, we have developed the first model 
of spontaneous breast cancer metastasis to the brain in 
immunocompetent mice. With this model, in combina-
tion with patient-derived data, we performed functional 
genomic screening to identify molecules mediating brain 
metastasis. We demonstrate that the colonization step in 
the brain is the rate limiting event in brain metastasis 
formation and identified several key molecular mediators, 
including two candidate targets for which there are clini-
cally available drugs (Lorusso et al., in revision; Wyss et 
al., in revision). As two of these drugs inhibited progres-
sion of already established metastases, they may be further 
considered for clinical testing in the treatment of breast 
cancer patients presenting with brain metastases.

NSAID and tumor suppression
Inflammation not only increases the risk of cancer inci-
dence but also promotes metastasis through the produc-
tion of motility factors (e.g. chemokines) and modification 
of the extracellular matrix, by secreting matrix modify-
ing enzymes (e.g. MMPs) [2]. Accordingly, nonsteroidal 
anti-inflammatory drugs (NSAIDs) were shown to exert 
chemo-preventive effects in several cancers in particular of 
the colon [19], but also anti-tumor activities in adjuvant 
settings [20]. We have previously reported that COX-
2 promotes tumor angiogenesis by regulating integrin 
function via PGE2 [21]. The long-term use of COXIBs, 
however, is not recommended to average risk individu-
als because of the elevated risk of potentially severe gas-
trointestinal and cardiovascular complications. In an ef-
fort to identify COXIBs-regulated tumor suppressors we 
performed a functional genomic screening and identified 
MAGI1 (MAGUK family member with inverted do-
main structure 1) as a new tumor suppressor in colorec-
tal cancer. MAGI1 is a scaffolding protein that stabilizes 

 cadherin-mediated  the cell-cell junctions. We showed 
that in colon cancer cells, MAGI1 suppresses Wnt sig-
naling, induces a cohesive epithelial cell phenotype and 
decreases motility in vitro, and inhibits colorectal cancer 
growth, invasiveness and metastasis in vivo [22]. 

More recently, we showed that MAGI1 also acts tumor 
suppressive in ER+HER2– breast cancer [23]. Within this 
breast cancer subtype, high MAGI1 expression is associat-
ed with a better prognosis, while low MAGI1 expression 
correlates with higher histological grade, increased aggres-
siveness and worse prognosis. In ER+ breast cancer cells, 
MAGI1 is upregulated by estrogen and contributes to ER 
signaling. MAGI1 downregulation in ER+ cancer cells, 
impairs ER signaling, activates PI3K  signaling and gen-
erates a more aggressive phenotype. Strikingly, MAGI1 
is downregulated by COX2 activity and PGE2 while it is 
upregulated by COXIB. We are currently dissecting the 
link between inflammation, MAGI1 loss, inhibited ERS1 
signaling and activation of the PI3K pathway that may 
contribute to resistance to hormonal therapy observed in a 
fraction of treated patients. 

New approaches for breast cancer detection  
and monitoring
In spite of a decrease in mortality by approximately 30% 
over the past 30 years, breast cancer (BC) remains the 
leading cause of cancer-related mortality for women in 
industrialized countries [24]. About one third of patients 
still die of the disease, due to the formation of metasta-
ses. In order to decrease breast cancer mortality, it is cru-
cial to diagnose BC as early as possible, particularly in 
younger women, and to prevent or treat metastases effec-
tively. Mammography is the gold-standard for the early 
detection of breast cancer, but in spite of its benefits in 
reducing BC specific mortality it has some important 
limitations [25]: limited specificity and sensitivity, risk of 
overdiagnosis, risk of inducing BC in patients with DNA 
repair defect (e.g. BRCA1/2), not recommended before 
the age of 50. Importantly, there are no validated specific 
tests to actively and specifically assess whether the disease 
is cured, dormant or progressing after initial therapy. Al-
ternative methods are needed to improve early detection 
and monitoring. Liquid biopsies based on the detection 
of circulating tumor cells (CTC) or cell free tumor de-
rived DNA (ctDNA) or RNA (e.g. miRNA) are being 
investigated but their clinical applicability is hampered 
by low sensitivity and technical hurdles (particularly for 
CTC detection) [26]. Thus, there is an unmet need for a 
more sensitive, specific, acceptable and economically vi-
able method of BC early detection. 

– Detection of circulating tumor cells (CTC) by bio-
inspired signal amplification. CTC detection remains 
a challenging endeavor because of the low frequency of 
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these cells (1 cell per 109-1010 leucocytes) especially for 
 clinical purposes [26]. We looked for inspiration in Na-
ture to improve CTC detection. In events necessary to 
maintain homeostasis and respond to damages, eliciting 
signals are often rare or weak (e.g. few ligands or few re-
ceptors), therefore a cascade-like amplification of the in-
cipient signals is engaged to generate vigorous responses 
(e.g. intracellular signaling, the inflammatory response 
and coagulation are based on this principle). We used a 
DNA hybridization chain reaction (HCR) [20] approach 
consisting of DNA oligonucleotide hairpins activated by 
an initiator oligonucleotide that will switch structure and 
self-assemble into amplification polymers. Fluorescent la-
bels attached to the hairpins will amplify the signal of 
the proceeding reaction. We used this method to detect 
HER2+ cancer cells by attaching the anti-HER2 antibody 
(trastuzumab) to the initiator oligonucleotide. This ap-
proach resulted in highly specific signal amplification of 
the bound DNA against HER2– cells and peripheral blood 
leukocytes [27]. While these results demonstrate the fea-
sibility of the approach, the sensitivity is still several or-
ders of magnitude below the need for clinical detection 
and improvements are currently considered, in particular 
through the combination of plasmonic resonance-based 
detection. 

– Detection of nucleic acid by optical biosensing. To 
detect cancer specific miRNAs with high sensitivity we 
are designing optical DNA origami biosensors [28]. Such 
biosensor consists of three rectangular layers of DNA he-
lices connected with a hinge from the center allowing the 
opening of the layer at both sides. Layers are connected 

with four locks on both sides to keep them in a closed 
state. Binding of miRNA to toehold causes opening of eth 
layers. In order to sense the binding of miRNAs, arrays of 
fluorophores are precisely positioned on top and middle 
layers. For detection we are using FRET and fluorescence 
quenching (Fig. 4). As a proof of concept, we are testing 
two breast cancer related miRNAs expressed in HER2+ 
and triple negative breast cancer subtypes. Our results 
confirmed a difference in FRET efficiency between open 
and closed states of the biosensor. We are now optimizing 
quenching and FRET-based sensing mechanism in several 
conditions, as well as on single molecule level (Domlja-
novic, in preparation). We envision that DNA origami 
biosensors will offer an effective strategy for specific and 
sensitive detection of multiple disease related miRNAs or 
ctDNAs.

– Exploiting the host response. Growing primary tu-
mors and metastases can mobilize myelomonocytic cells 
from the bone marrow which are then recruited at the 
tumor site to create an inflammatory-like microenviron-
ment promoting tumor cell proliferation, survival, motil-
ity, angiogenesis and immune escape (Fig. 5) [2, 3]. By 
characterizing the transcriptome of circulating CD11b+ 
cells, we have in the past defined a gene expression sig-
nature that lead to the development of a blood-based test 
for the non-invasive detection of advanced colorectal ad-
enoma and cancer [29]. This test was further developed 
and validated in a large clinical study and is now on the 
market (COLOX®). More recently, we have performed 
preclinical and clinical studies using an advanced multi-
omics analytical approach of circulating blood leukocytes 
and observed the appearance of bone marrow-derived cell 
populations associated with the presence of a primary or 
metastatic cancer (Cattin, submitted). We are now plan-
ing a multicentric case-control translational study to 
identify robust signatures to use in screening approach 
in complements to imaging-based methods and in breast 
cancer patients in remission after initial therapy to moni-
tor disease progression. A test detecting relapses before 
metastases become symptomatic would allow adapting 
therapy when disease is still microscopic, before signifi-
cant organ disruption and resistance have occurred. The 
need for such a test is intensified by the advent of effec-
tive second line therapies in recurrent cancers. This is best 
illustrated by the introduction of the PIK3CA inhibitor 
alpelisib in progressive ER+ breast cancer. Combination of 
alpelisib with fulvestrant prolonged progression-free sur-
vival among patients with PIK3CA-mutated ER+/HER2– 
cancers that have relapsed under endocrine therapy [30]. 
Such a test would be integrated into current follow up 
protocols without disrupting ongoing practice. 

Fig. 4. Schematic representation of FRET-based detection 
mechanism of DNA origami biosensor. (A) In the absence of 
the target (key) the DNA origami is closed generating a FRET 
signal depicted in the spectrum below. (B) In the presence of the 
target (e.g. miRNA), the locks open resulting in change of FRET 
signal visible in the spectrum below (Image by I. Domljanovic). 
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Fig. 5. Mobilized bone marrow leucocytes as biomarkers 
(and source thereof) to sense and monitor cancer. Tumors 
and metastases mobilize myelomonocytic cells from the bone 
marrow though released factors. Mobilized cells are then 
recruited at the tumor site to promote tumor/metastasis growth. 
Characterization of these cells have revealed the appearance of 
rare CD11b+ cell populations and gene expression signatures 
associated with colorectal cancer. Similar observations were 
made in breast cancer. 
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Conclusions and outlook
Our research has been inspired by clinically relevant 
questions with the long-term goal to identify mecha-
nisms, molecules or events with therapeutic, prognostic 
and predictive implications. We have focused our work 
on two extremes of the broad spectrum of cancer: early 
detection and monitoring and metastatic disease. We 
believe that much remains to be done on both topics in 
order to decrease cancer-related mortality. We have been 
able to unravel mechanisms of breast cancer progression, 
metastasis and response to therapy and in particular the 
role of vascular and inflammatory cells. As the first lab-
oratory at the University of Fribourg fully dedicated to 
experimental and translational cancer research after mov-
ing from Lausanne, we contributed to the raising visibil-
ity of Fribourg in this area of research. At the same time, 
our work would not have been possible without the col-
laborations that we have established over the years with 
many research laboratories and clinics in Switzerland and 
abroad, including: Department of Oncology CHUV (PD 
Dr. Zaman), Hôpital Fribourgeois (Prof. Betticher; Dr. B. 
Felley), IOSI Bellinzona (Prof. C. Sessa), IRB Bellinzona 
(Dr. Uguccioni), UNIL/SIB (Dr. M. Delorenzi), ZETUP 
(Dr. G. Fürstenberger), Clinica Luganese (Dr. A. Franzetti 
Pellanda), University of Fribourg (Prof. A. Fink, Prof. B. 
Rothen-Rüthishauser, Prof. M. Mayer, Prof. G. Acuna, 

Prof. C. Szabo), University of Basel (Prof. G. Christofori), 
University of Geneva (Prof. B. Imhof, Prof. C. Bourquin), 
University of Bordeaux (Prof. A. Bikfalvi), ULB Brussels 
(Prof. C. Sotiriou), KLU Leuven (Prof. C. Desmedt) and 
more. For these collaborations we are very thankful. In the 
coming years we will further focus on clinically-oriented 
projects, in particular on the identification and validation 
of blood biomarker for (breast) cancer detection and moni-
toring, the translation of results on metastatic progression 
toward clinical testing, and the development of nanotools 
for the sensitive detection of miRNA and mRNA. We 
are open to and welcome further collaborations, as we be-
lieve that research in general, and cancer research in par-
ticular, vastly profit from sharing ideas, competences and 
resources. 
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