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Embryoid bodies in culture, producing monocytes. Derived from human induced pluripotent stem cells.
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The vision of CEMIR is to find out how sensors in the innate immune system
initiate and regulate inflammatory responses. This new knowledge will be
used in disease models to identify new therapeutic targets and diagnostic
tools for inflammatory diseases.

Director's comment

CEMIR unites scientists across disciplines to get detailed insight in basic
biological- and clinical inflammation research. Looking back, there has been
many productive years since the establishment of CEMIR in 2013. The first
years, the main priority was to establish a unified research group in which
multidisciplinary collaboration was encouraged and stimulated. To improve
and strengthen the scientific quality and scope of our center two new group
leaders were recruited. In 2014, all CEMIR research activities were moved
to the new Knowledge Centre at @ya Campus in Trondheim, which hosts
first-class laboratories with state-of-the-art cellular imaging instruments.
In October 2015 we opened a new BSL3-laboratory, offering the highest
level of security for research on viruses and bacteria in Norway. The new
lab contains an advanced Leica SP8 confocal microscope making it possible
to study infections in immune cells with viable mycobacteria and HIV virus.

In 2017 CEMIR was mid- term evaluated by an international evaluation com-
mittee appointed by the Research Council of Norway (RCN). The committee
also visited the Centre in June, 2017. CEMIR received a brilliant evaluation
and based on this, the Research Council decided to continue the funding
for the last 5 years.

CEMIR has grown to be a vibrant and dynamic center with 67 scientific staff
members, 14 engineers, 21 students and one administrative coordinator.
In 2017, CEMIR formally became a research unit in the newly established
Department of Clinical and Molecular medicine. This secures the process
towards a continuation of the Centre when the RCN funding ends in 2022.

Every month CEMIR members meet for Journal Club. From 2018, the Journal
(lub has been organized by CEMIR postdocs. A small group of scientists with
different areas of research present a paper and lead the following scienti-
fic discussion. The Journal Club serves several purposes: to share scientific
news, to critically review and discuss the scientific findings and approaches
used to reach conclusions, and to encourage collaboration between CEMIR
groups. The Journal Club has been a great success as it has sparked good
discussions and engagement.

The scientific activities at CEMIR have proceeded with very good progress. In
202057 papers have been published. CEMIR researchers have published a
total of 450 articles since 2013, several in high quality journals like Nature,
Nature Immunology, Nature Communications, Autophagy, PNAS, Plos
Pathogens, Cell, Science, Science Advances, Blood and | Cell Biol. Several of
our papers have obtained front cover illustrations in journals. 37 CEMIR PhD
students have defended their theses and successfully completed their PhDs.

2020 has been a difficult year due to the Coronavirus pandemic. This situa-
tion has resulted in some delays in progress of projects. However, with
proper infection control, it has been possible to keep labs open most of
the time. Some of the CEMIR researchers have even started new covid-
19 projects. Professor Tom Eirik Mollnes published in PNAS this year that
systemic complement activation is associated with respiratory failure in
covid-19 patients.

CEMIR has a strong focus on basic innate immunity and how it relates to
human inflammatory diseases. The combination of basic and translational
research has been incorporated into five new themes to be accomplished
for the last period. Research from CEMIR has given new knowledge about
mechanisms and new targets for treating inflammatory diseases like infec-
tions and cardiovascular diseases. This will help us in achieving the primary
goal to identify new therapeutic targets and diagnostic tools for inflammatory
diseases. Some of our research has already resulted in new drug candidates
with the potential to inhibit unwanted inflammation. In order to show the
impact of our research, itwill be a priority for the Centre to further strengthen
the collaboration with clinical departments at St. Olav's Hospital.

Terje Espevik
Centre director
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CEMIR RESEARCH THEMES

Theme 1;

Intracellular trafficking and
compartmentalized signalling

Theme Manager: Professor Terje Espevik

Microbes induce trafficking pathways that are important for activation,
inactivation or evasion of Toll-like receptors (TLRs). TLRs in macrophages
initiate different destruction programs depending on the particular microbe
encountered. TLR signalling proceeds through adapter pair molecules like
MyD88-MAL- and TRAM-TRIF. Despite the large amount of research, we still
do not know much about the cell biological mechanisms on how TLRs and
their adapter proteins control killing of bacteria. We have now pinpointed
new important players in phagosomal signalling that are required for killing
of Gram-negative and Gram-positive bacteria. One of them is Rab11-family
interacting protein 2 (Rab11-FIP2) that transports cargo along actin filaments.
The other is SLAMFT which modulates macrophage responses to microbes
in mice. SLAMF1 is an lg-like receptor and a costimulatory molecule that
initiates signal transduction networks in a variety of immune cells. We also
have a research focus on the combined effects of complement and TLRs in
phagocytosis and host defence against bacteria. Moreover, we have made
discoveries pointing to mechanisms on how Mycobacterium avium initiates
inflammatory signalling from TLRs in the phagolysosome, however, a fraction
still escapes the phagolysosome by modifying the compartment. In Theme 1,
we aim to obtain more detailed mechanistic understanding of phagocytosis,
phagosomal maturation and phagosomal signalling for mounting killing of
bacteria.

Main activities 2020

Pyroptosis is a type of cell death that causes a high level of inflammation that
is triggered by bacterial infections. We have studied the role of Rab11-FIP2
and other Rab11 interacting proteins in the regulation of LPS stimulated
NLRP3 inflammasome activation. In contrast to other Rab11-FIPs, Rab11-FIP2
was found to play a key role in the upregulation of pro-IL-1 and NLRP3
protein levels, and to regulate Caspase-1 mediated cleavage of pro-IL-1p
that is a hallmark of pyroptotic cell death. A possible explanation for this is

that Rab11-FIP2 binds directly to both NLRP3 and Caspase-1 to regulate this
pracess. Furthermore, we have studied how uropathogenic £. coli (UPEC)
mediates macrophage killing and induction of pyroptotic cell death. We are
focusing on how Rab11-FIP2 and bacterial encoded virulence factors control
processes, and preliminary results suggest that Rab11-FIP2 silencing dam-
pens pyroptotic cell death. Also, the bacterial virulence factor, hemolysin A
plays a key role in pyroptotic cell death caused by this UPEC strain.

QOur previously published data strongly suggest that the SLAMF1 receptor,
which is an Ig-like receptor and a co-stimulatory molecule, has a critical role
in controlling signalling from the TLR4 complexes (Yurchenko et al., /. Cell Biol,
2018).1n 2020, we have worked on the design and optimization of SLAMF1-
derived anti-inflammatory peptides that can be developed as novel drugs
targeting acute inflammatory state induced by bacterial infections (sepsis).
Various modifications of the peptides were tested in different model systems
—macrophages-like cell line, primary human monocytes and macrophages,
and human whole blood assays.

We showed previously that human TLR8 is @ main sensor of Gram-positive
bacteria (Bergstrom et al., / Immunol, 2015). Blocking TLR8 might be a new
ant-inflammatory strategy in sepsis, but this could also pose a risk by attenu-
ating critical antibacterial effector mechanisms such as phagocytosis and
intracellular killing. In 2020 we investigated this possible risk, the signalling
crosstalk mechanism of TLR2 and TLR8, and the role of TLR8 and NLRP3 in
monocyte death during Gram-positive infection.

We have a continuing focus on the cell biology of mycobacterial infection in
macrophages and how trafficking of mycobacteria is coupled to activation of
inflammatory signalling from different intracellular compartments. In 2020
we published our discovery that M. twberculosis induces inflammasome

Co-localization of Rab11-FIP2 (red)

and an inflammasome component (ASC, green)

in macrophages stimulated with LPS and nigericin.
Blue: nuclei. 3D rendering of confocal -stacks.
Photo: Harald Husebye.

activation and pyroptosis by causing plasma membrane damage in infected
macrophages, which can facilitate spread (Beckwith et al., Nat Comm 2020).
We have previously shown that M. avium escapes recognition by TLR8 and
degradation in phagolysosomes by modulating trafficking and establishing
in a unique compartment (Gidon et al., PlosPathogens 2017). As a follow-up
to this, we show that killing with antibiotics routes M. avium from this uni-
que compartment to phagolysosomes without activation of inflammation,
suggesting these phagolysosomes are devoid of TLRs (Asberg, Mediaas et
al., JLB 2020).

Major achievements 2020

+ We have established a method for making gene knock outs in virulent
uropathogenic £. colistrains using CRISPR/Cas9 technology.

+ Constructed several SLAMF1 peptides linked to the cell penetrating
peptides (CPPs) that were very effective in taking down inflammatory
responses induced by TLR4.

+ Uncovered several new interacting proteins for the SLAMF1 receptor
that play crucial role in TLR4 signalling that could be targeted to
control TLR4-mediated pro-inflammatory responses.

* Submitted a patent application for the therapeutic binding agents
(application number is GB 2008888.6, filing date 11.06.2020)
and started preparing manuscript for publication.

+ Showed that TLR8 inhibition neither impairs phagocytosis nor
intracellular killing of bacteria.

« Completed a study on how TLR8 and complement together
regulate antibacterial responses in blood (Ehrnstrom et al.,

Frontiers in Immunology).

* Revealed a synergistic effect of TLR2- and TLR8- signalling that

affected modification of IRAKT.

www.ntnu.no/cemir - ANNUAL REPORT 2020

« Published the discovery that M. tuberculosis induces inflammasome
activation and pyroptosis by causing plasma membrane damage
(Beckwith et al, Nature Communications).

* The work on how antibiotic treatment routes M. avium to phagolyso-
somes without triggering proinflammatory cytokine production made
Frontline Science with Editorial Commentary upon publication
(Asberg, Mediaas et al., / Leukoc Biol: Editorial commentary by Lésslein
&Henneke, doi:10.1002/JLB.3CE0520-104R).

Ambitions for 2021

+ Finding the mechanisms how Rab11-FIP2 controls the intracellular traf-
ficking of inflammasome components and inflammasome assembly.

« Investigate how bacterial virulence factors cause macrophage cell
death and the invalvement of Rab11-FIP2 in this process.

* Defining interaction motifs in Rab11-FIP2 that bind to inflammasome
components.

+ Uncover the molecular mechanisms of how the SLAMF1 receptor
controls pro-inflammatory signalling in human macrophages.

+ Test SLAMF1-derived peptides in an animal sepsis model.

+ Nail down the exact mechanism of action for the SLAMF1-derived
ant-inflammatory peptides and work on their further optimization.

* Clarify the impact of IRAK1 modifications and the Mal/TIRAP adapter
in the TLR8-IRF5 signalling pathway.

+ (haracterize the variation among isolates of S. aureus and GBS in
the whole blood challenge model.

+ Elucidation of necrotic cell death pathways induced by M. tuberculosis
in macrophages.

+ Establish the consequences of phagosomal membrane damage
in M. tuberculosis infected macrophages.
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Theme 2:

Molecular mechanisms of infection

and inflammation

Theme Manager: Professor Trude Helen Flo

Despite extensive global efforts, infectious diseases still cause significant
morbidity and mortality. Further, the rise in antimicrobial resistance
demands the development of novel antibiotics, for which new discoveries in
‘modes of infection” and ‘immune evasion’ are a prerequisite. In Theme 2 we
aim to decipher molecular mechanisms of infection and immune activation/
evasion, test the validity of said mechanisms in animal infection models, and
link them to available patient samples and data. Successful completion of
the work described in Theme 2 should reveal new therapeutic targets and
aid in development of host-directed therapies to be used as adjuncts to
antimicrobial treatment of infections.

Main activities 2020

In theme 2 we seek to understand infection mechanisms by studying both
the pathogens and the host. Several papers were published from theme 2
in high-ranking journals. One of them was our first work on HIV, showing
thatviral RNA is detected by TLR8 in T cells. We also found that TLR8 ligands
effectively reversed latency of HIV from patients on anti-retroviral therapy.
The mechanism behind and further development of these findings towards
“kick-and-kill" therapeutic HIV strategies are ongoing.

In 2020 we have continued to look at the effect of pre-mRNA splicing and spli-
cing factors on cell death and inflammation induced via RIPK1/caspase-8. We
have also investigated post-translational modifications in the same pathway.
In addition, we have studied regulation of Pyrin-caspase-1 inflammasome
activation. OMICs approaches are now fully developed at CEMIR and we have
completed proteomic characterizations of human T cells and macrophages,
and post-translational modifications in viral respiratory infections.

We have identified an autocrine/paracrine cytokine signaling loop in
Mycobacterium avium infected macrophages that activates a metabolic
enzyme with anti-mycobacterial activity. We have also tested several drugs
for host-directed therapeutic potential to M. avium infection and identified
a few promising candidates. This period we have established induced plu-
ripotent stem cell (iPSC)-derived macrophages and characterized these in
comparison with primary cells. The plan is to build lung-mimetic multicellular
models for studying mycobacterial- and viral infections.

QOudhoff visited the Iab of Dr. Bill Horsnell at the University of Cape Town,
South Africa, to initiate a collaboration in (lung) infection biology and cellular
immunity, and we are increasing our efforts towards performing microbiota
studies. In 2020 we published a manuscript about early life intestinal epit-
helial development. We hope to finalize our work describing the interplay
between early life gut epithelium, microbiota, and immune cell development
during 2021.

We have performed several studies on genetic risk for sepsis and blood
stream infections in HUNT. Recently, we have also explored the genetic risk
in skin and soft tissue infections as well as in respiratory tract infections.
During 2020 we also set up an international consortium for further studies
on the risk of sepsis susceptibility. An important achievement in 2020 was
the REK-approval for establishing a general biobank at the intensive care
unit. We also established a similar biobank for COVID-19 patients at St Olav's
hospital and have initiated OMICs- and mechanistic studies of SARS-CoV2
infection and modulation of anti-viral immunity.

Major achievements 2020

Published how HIV is recognized by TLR8 in human primary T cells
(Meds, Haug et al., Nature Commun).

Published how M. smegmatis with a defective type VIl secretion system
ESX-3 functions as a vaccine vector (Kannan et al., Frontiers Immunol).
dentified the demethylase LSD1 as a critical regulator of postnatal
epithelial maturation (Zwiggelaar et al., Science Advances).

dentified the proteome remodeling dynamics of primary human
resting and activated CD4+ T cells (Subbannayya et al., It/ Mol Sci).
Contributed to the identification of the INcCRNA LUCAT1 as a negative
regulator of interferon signaling (Agarwal, S. et al., Nature Commun).
dentified splicing factors and novel post-translational modifications
regulating cell death and inflammasome activation in the RIPK1/
caspase-8 pathway.

Summarized findings of importance of caspase-8 in immunity
(Orning and Lien, / Leuk Biol).

Developed an organoid imaging screening platform and protocols.
for iPSC-derived macrophages.

Established a biobank for COVID-19 patients at St Olav's hospital
and protocols for studying SARS-CoV2 infection in vitro.

Performed genetic studies of patients with blood stream infections
(BSI) in the HUNT population and identified that FER rs4957796
(Rogne, T. etal., Clin Infect Dis) and the TLR10/1/6 locus (Rogne, T.
etal., (7it Care Med) was associated with the risk of contracting a BSI.
AMendelian randomization study in the HUNT population revealed
that high BMI was associated with increased risk of dying from BSI
(Rogne et al., PLOS Medicine).

Richard K. Kandasamy received adjunct faculty award from Indian
Council of Medical Research.

Ambitions for 2021

Publish the temporal multiOMICS on host signaling landscape during
SARS-CoV2 infection.

Publish the CRISPR/Cas9 screens for identification of novel host factors
of HIVand Influenza A.

Establish TLRS ligands as latency-reversal agents for HIV “shock-
and-kill" therapy.

Elucidate the molecular mechanism of novel differentially regulated
metabolites identified in a metabolomics screen.

Publish an unbiased proteomics investigation of THP-1 during PMA
differentiation.

Establish the interplay between early life gut epithelium, microbiota,
and immune cell development.

Publish the development of an organoid imaging screening platform
and identification of novel modulators of intestinal epithelial immune
effector processes.
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Correlative light- and electron microscopy of a macrophage phagocytosing Mycobacterium
{uberculosis. Plasma membrane disturbances caused by mycobacteria in blue resultin
caldum influx and recruitment of ALG-2 protein in green. ALG-2 is involved in membrane
repair. Photo: Sindre Ullmann.

« Establish the role of extracellular matrix (ECM) control of intestinal
repair and gut infection.

« Submit RNA splicing study and effects on RIPK1/caspase-8.

* Investigate new molecules in caspase-1 and caspase-8 cell death,
inflammation and inflammasome pathways.

+ Publish metformin as host-directed therapy to M. avium infection.

+ Publish how auto-/paracrine cytokine signaling drive anti-
mycobacterial activity.

+ Establish high-throughput screen for mycobacterial proteins that
influence host processes.

+ Establish the function of mycobacterial BlaR and its potential as drug
target.

+ Finalize project on mycobacterial virulence factors in Drosophila mela-
nogaster in collaboration with Germans Trias i Pujol Research Institute
in Spain.

* Publish genome-wide association studies with Mendelian randomiza-
tion in HUNT on the risk of skin and soft tissue infections.

* Recruitment of patients to the general biobank at ICU at St Olav's
hospital for studies of sepsis and severe bacterial infections with organ
dysfunction.

« Perform genome-wide association studies with Mendelian rando-
mization in HUNT and international cohorts of sepsis patients.

* Study host-pathogen interaction for human isolates of Staphylococcus
aureus isolates from our BSI-registry in a whole blood model.
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Theme 3:

Molecular mechanisms of inflammation

in cardiovascular disease

Theme manager: Professor Ann-Charlotte Iversen

Inflammation plays a key role in cardiovascular disease, a major cause of
ilness and death worldwide, with gender-specific manifestations. Formation
of cholesterol crystals (CC) that mediate inflammasome activation is central
to the pathogenesis of atherosclerosis. In this theme we focus on “Molecular
mechanisms for cholesterol induced inflammation” and “Inflammation
underlying preeclampsia and atherosclerosis”, aiming to determine pattern
recognition receptor (PRR)-initiated inflammation underlying preeclampsia
and cardiovascular disease. To achieve this goal, we perform mechanistic
molecular studies, systemic analysis of inflammatory processes and patient
oriented studies using clinical and biobank material.

Main activities 2020

During atherogenesis, chalesterol precipitates into CC in the vessel wall,
which trigger plaque inflammation by activating the NACHT, LRR and PYD
domains-containing protein 3 (NLRP3) inflammasome. We have investi-
gated the relationship between CC, complementand NLRP3 in patients with
cardiovascular disease. We found that complement contributes to the
(CC-driven inflammatory responses. Our data imply a positive association
between CC- induced complement and NLRP3 activation, both systemically
and within the atherosclerotic lesion, with disease severity and instability.
The pathogenic loop between complement, CC and NLRP3 inflammasomes
may represent a promising target for therapy of atherosclerotic disorders.

We have also worked to delineate how the intracellular complement system
(C5) and complement receptor C5aR1 in monocytes and macrophages parti-
Cipate in NLRP3 activation upon phagocytosis of CC. We have obtained data
demonstrating the unexpected intracellular formation of the central serum
complement activation hubs, the (3/C5 convertases, and identify the C5aR1
as direct modulator of mitochondrial function and, consequently, myeloid
cell activity. Together, they suggest that the complosome is a novel contri-
butor to the processes underlying sterile inflammation and that targeting this
system could be beneficial in connected diseases such as atherosclerosis.

In the context of atherogenesis two events play a key role in transformation
of macrophages into plaque forming foam cells: accumulation of intracellular
cholesterol and macrophage cell death induced by modified LDL species.
In 2020 we focused on developing and validating a series of assays that are
suitable for high throughput screening. As a result, we can now monitor
and quantify the rate and extent of cholesterol uptake at a single cell level.
Furthermore, we are able to reproducibly model lipid driven macrophages
cell by application of lysophospatidylcholine micelles. In the coming year
we will use these assays in whole genome CRISPR screens to identify novel
regulators of pro-atherogenic signaling.

PRR activation and cholesterol accumulation is shown to be strongly asso-
ciated to development of placental dysfunction at the two sites of direct
maternal-fetal interaction; the uterine wall lining called the decidua and
the fetal cell layer covering the placenta. Direct maternal-fetal cellular com-
munication and atherotic lesions with foam cells have been defined in the
uterine wall. Inflammasome NLRP3 and cholesterol accumulation have been
revealed as particularly important players at the maternal-fetal interface
in preeclampsia. Metabolomic profiling has identified grades of placental
dysfunction and maternal serum cytokine profiling is used as sensitive mea-
sure of maternal immune activation, for causal classification preeclampsia
and fetal growth restriction and novel biomarker selection. Novel maternal
preeclampsia risk genes have been revealed in the largest meta-analysis of
GWAS data in preeclampsia, performed in the EU FP7 project InterPregGen
where we participate with the HUNT Study.

Overall, this work has added novel evidence to the involvement of PRR-
mediated inflammation in preeclampsia development and the mechanistic
relation to cardiovascular disease, and led to discovery of several underlying
inflammatory mechanisms, maternal and fetal genetic risk factors, and novel
predictive tools for hypertensive pregnancy disorders.

Cholesterol crystals in the uterine wall (decidua)
imaged by second harmonic generation microscopy.
The arrow heads indicate cholesterol crystals

and the arrow points to collagen fibers.

From Silva et al, Frontiers in Immunology 2020.
Photo: Gabriela Silva.

In 2020 we also finished the ASSAIL-study recruiting 200 patients with
transmural myocardial infarction at OUS (Ullevdl and Rikshospitalet) and
St Olav's hospital to treatment with the IL-6 blocker tocilizumab or placebo.
The main article containing clinical- and MRI-data has been prepared and
was accepted in late autumn. A large biobank has been collected and sub-
studies on mechanisms of IL-6-blockade have already been planned and
several are in progress.

Major achievements 2020

+ Published that CC use complement to increase NLRP3 signalling
pathways in coronary and carotid atherosclerosis (Niyonzima et al,
EBioMedicine 2020).

+ Identified novel maternal risk genes for preeclampsia that are shared
with cardiovascular disease and obesity, based on the HUNT Study
and the EU FP7 project InterPregGen (Steinthorsdottir et af, Nature
Communications 2020).

+ Revealed accumulation of cholesterol crystals and NLRP3 activation at
the maternal side of the placenta in preeclampsia (Silva et al, Frontiers
in immunology 2020).

+ Identified a role for TLR3 at the maternal-fetal interface in preec-
lampsia by novel automated image-based immunohistochemistry
quantification method (Gierman et af, journal of Leukocyte Biology 2020).

* Measured sensitive changes in maternal immune status during preg-
nancy by maternal serum cytokine profiling in large pregnancy cohorts.

+ We provided novel insights into the effects of Interleukin 6 antagonism
in Non-ST-Segment-Elevation myocardial infarction employing the
SOMAscan proteomics platform (George M et al | Am Heart Assoc. 2020).
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Ambitions for 2021

Demonstrate that mitochondrial C5aR1 activity in macrophages
drives optimal IL-1B production underlying sterile inflammation.
Explore the systemic effects of a low-calorie restricted diet on
leukocytes pattern recognition receptors, thromoboinflammation
and cytokines.

Determine connections between cytokines and weight-loss profiles.
Use whole genome CRISPR screens to identify novel regulators of
pro-atherogenic signallinCombine and correlate data sets for PRR
mediated danger response, maternal and fetal vascular malperfusion,
and pathological processes such as oxidative stress, at the maternal-
fetal interface in preeclampsia and fetal growth restriction.

Complete extensive profiling of the maternal systemic immune status
during pregnancy by measuring serum cytokines in normal and
complicated pregnancies.

Utilize the novel automated image-based immunohistochemistry
quantification methods to further identify cell specific maternal-fetal
communication.

Establish causal classification of subgroups of preeclampsia and fetal
growth restriction by metabolomic profiling.

Expanded collection of patient-based biobanks for translational
inflammation studies.

Explore the effect of IL-6 blockade on the cytokine network in patients
with ST-elevation myocardial infarction.

Determine the effect of IL-6 blockade on neutrophil NET production
during myocardial ischemia.

Show that IL-6 blockade increases the myocardial salvage index in
patients with an acute myocardial infarctions.
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Theme 4:

Molecular mechanisms of inflammatory bowel
disease and intestinal regeneration

Theme Manager: Professor Arne Sandvik

Inflammatory bowel disease (IBD) are chronic diseases arising most likely
from an inappropriate inflammatory response to commensal gut microbes. It
is arelative lack of in-depth studies of disease mechanisms in human-derived
experimental models. This theme studies the IBD inflammatory process and
its consequences at a mechanistic level with hypotheses generated from
clinical material. Furthermore, we attempt to define the molecular mecha-
nisms in intestinal epithelial reparative processes within the cantext of BD
and infectious diseases.

Main activities in 2020

The research group has continued studying colonic epithelial responses
to immunological and physiological signals such as cytokines and chemo-
kines. During 2020 wark has also encompassed examining the effect of
IBD-approved drugs on inflammation-conditioned organoids to prepare for
coming use of organoids as real-life bioassays for clinical use to circumvent
the clinical problem of heterogenous response to disease-modifying drugs.
This work is being done in a collection of patient-derived colonoids and
the model is now being done in a physiological low-oxygen environment
rather than in routine incubator conditions. Simultaneously, our work using
mouse in vivo and mouse organoid disease models are used to discover
new regulators of intestinal epithelial biology in general, but with specific
relevance for inflammatory and infectious diseases. Moreover, efforts are
being done to modify colonoids by siRNA and CRISPR-Cas9 techniques. Long-
term studies on the relation between gene expression and genomic variation
through EQTL analyses have identified candidate genes linking genetics
to the inflammatory process. As part of this, longitudinal studies in IBD
patients are ongoing to correlate clinical parameters and drug responses
with colonoid behavior at the level of the individual patient. This is facilitated
by new techniques for generating organoids from biopsies taken from the

most informative patients and frozen for retrospective use. Other aspects of
IBD pathobiology are studied together with collaborators to understand the
role of adherent microbes (Yale collaboration) and innate y& lymphocytes
(Singapore collaboration). Planned visits have been called off due to the
coronavirus pandemic but studies are ongoing at the different sites and at
NTNU to compensate for this.

Major achievements in 2020

+ The CAG project to generate highly refined patient data and material
is starting at the turn of the year.

+ A prospective intervention study aimed at identifying treatment
respanse and defining the role of NGAL as a biomarker has finished
inclusions and is being wrapped up before analyses start.

+ Amajor study on epithelial cell specific gene expression in different
inflammatory states of IBD has been completed and is prepared for
publication.

+ Culture conditions for colonoids have been optimized using physio-
logically relevant oxygen concentrations and the importance for e.g.
chemokine release has been shown.

+ Studies on collagenaus colitis have identified NGAL as a biomarker for
the disease, and contributed to understanding the pathobiology of
this disease.

+ Studies on the clinically important process of fibrosis in Crohn’s
disease highlight the role of 5-hydroxytryptamine.

+ Astudy on the discovery of the epigenetic modifier LSD1 as a regulator
of early life epithelial development was published.

* Astudy about the role of smooth muscle cells in intestinal epithelial
repair has been submitted and is in revision.
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Digital pathology and artificial intelligence - Training of deep learning networks for epithelial segmentation (purple/black lines) and automated quantification of immunepositive cells
(pink spots) among all other cell types (yellow circles). Screenshot from QuPath: Henrik P. Sahlin Pettersen.

+ Identified the demethylase LSD1 as a critical regulator of postnatal
epithelial maturation (Zwiggelaar et al., Science Advances).

+ Found ISG15 to be secreted from primary intestinal epithelial cells
upon proinflammatory stimulation (@stvik et al., / Crofns Colitis).

« Identified Aquaporin 8 as a critical regulator of intestinal fluid home-
ostasis in collageneous colitis (@stvik, Granlund et al., / Crohns Colitis).

+ Found epithelial serotonin reuptake transporter reduced in the colonic
epithelium in active IBD (Jgrandlier al., Am/ Physiol).

+ Described mucosa-associated microbiome in ileum in Crohn's disease
(Granlund, Rayset, Sandvik et al., /nflamm Bowel Ds).

Ambitions for 2021

Manage the ongoing prospective patient studies to ensure
maximally informative data and material.

Use patient-specific colonoids in prediction of drug responses —
personalized medicine.

Further refine the colonoid model by establishing permanent
genetically modified cultures for mechanistic studies.

Use colonoids together with clinical material to define the role
of NGAL in epithelial proliferation and mucosal repair.
Delineate IBD-relevant immunological mechanisms originating
in the epithelial cells during normoxia and hypoxia.

Further elucidate the role of 5-hydroxytryptamine in the fibrotic
process in Crohn's disease.

Study the interplay between the microbiota/intestinal epithelium/
immune cell in early life development.

Finalize a study on the role of smooth muscle derived factors

in intestinal epithelial repair.
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Theme 5:

Molecular mechanisms of inflammation
in cancer progression and bone loss

Theme Manager: Professor Therese Standal

Cancer cells modulate the tumor microenvironment by secreting factors
that promote chronic inflammation, inhibit immune surveillance and dis-
rupt bone homeostasis. Pattern-recognition receptors (PRR)s are signalling
immune-receptors that mediate inflammatory responses. These receptors
sense pathogen or danger-associated patterns associated with stress and
injury. PRRs are highly expressed on immune cells, and are promising targets
in cancer immunotherapy, due to anti-tumorigenic responses they mediate
in the tumor microenvironment. However, these receptors can also relay
inflammatory responses in the tumor microenvironment that drive cancer
progression and bone loss. Autophagy may support tumor progression
by intrinsic cell mechanisms, and by cross-talks between tumor cells and
stroma. The aim of this theme is to understand interactions between tumor
cells and the microenvironment at a molecular level.

Main activities in 2020

We studied how tumor cells manipulate PRR expression and signaling in
the tumor microenvironment, and how this shapes and affects immune cell
recruitment and responses. We established models to study neutrophils
and plasmacytoid dendritic cells and gained insight into the characteristics
of neutrophil polarization states. We published that altered immuno-
globulin glycosylation mediate bone loss in multiple myeloma and we stu-
died how altered immunoglobulin glycosylation may influence the activity
and function of other cells with FC-gamma receptors. We identified a novel
function of IL-32 in myeloma cell survival and proliferation. We mapped the
effect of Smac-mimetics in proinflammatory macrophages and discovered
that TAKT regulated important cell survival programs in multiple myeloma.
We published that the secretion of IL-6 from cancer cells is controlled
through autocrine signaling in the cancer cells of a tumor. We study how
this relates to local and systemic alterations in the immune system.

Related to this, we find that peptide-decorated nanoparticles are rapidly
engulfed by phagocytes in the blood before these immune cells infiltrate
into solid tumors. Innate immune cells infiltrate solid tumors in response
to signaling factors secreted from the cancer cells. We find that constitutive
oxidative stress signaling in cancer cells may affect the secretome in such
a way that it may stimulate local chemotaxis and also affect differentiation
in the bone marrow. Thus, cancer cells harboring somatic mutations that
cause activation of NRF2 driven oxidative stress responses can control local
immunity and cancer progression. In line with this notion, we could patent
a 16 transcript, gene expression signature in breast cancer biopsies that
predict disease progression. The signature can be used to guide a gentler
treatment of breast cancer patients having low-grade, hormone receptor
positive tumors.

Major achievements in 2020

+ Published a paper on the role of immunaglobulin glycosylation for
bone loss in multiple myeloma.

+ Published a review paper on the molecular function of IL-32.

+ Published a review paper on why myeloma patients loose bone.

+ Paper on the effect of Smac-mimetics on osteoclastogenesis was
accepted for publication.

+ Genetically manipulated expression of discrete chemokines in breast
cancer cells and prepared for in vivo tumor formation and metastasis
experiment inimmunocompetent mouse model.

+ Performed gene and protein expression analyses of immune cells
isolated from metastatic and non-metastatic cancer.

+ Generated supporting data on a patent application for a 16-transcript,
oxidative stress-related gene expression signature in breast cancer
biopsies. Initiated discussions for licensing.
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We established a novel EVOS-based osteoclast scoring assay to determine the effect of Smac-mimetics on osteoclastogenesis. Integrin CD51/61 positive multinucleated
cells were scored as osteoclasts. Human multinucleated osteoclasts stained for CD51/61 (red) and nucleus (blue, Hoechst 33342).

Photo: Ingrid N. Moen and Kristian Starheim.

Performed gene and protein expression analyses of immune cells
isolated from metastatic and non-metastatic primary breast tumors.
Established an in vitro model at CEMIR for studying human neutrophil
polarization.

Characterized human neutrophil polarization using this model

and identified new markers for neutrophil polarization.

Two PhD students defended their thesis.

Published a paper on the role of immunoglobulin glycosylation for
bone loss in multiple myeloma (Westhrin et al., Blood 2020).
Published a review paper on why myeloma patients loose bone
(Borset et al., Blood Rev. 2020).

Ambitions for 2021

Publish findings on how PRR activation in cancer cells induces
neutrophil recruitment and polarization.

Publish a manuscript describing the novel oxidative stress related
gene expression signature for breast cancer prognostics.

Unravel putative interactions between constitutive oxidative stress
response in cancer cells and tumor immunity.

Define true NRF2 controlled genes in breast cancer cells by combining
RNA sequencing of depleted cells with ChIPseq of NRF2.
Mechanistically describe how IL-6 may stimulate catabolic processes
in muscle cells.

Define the interdependence of autophagy and interferon responses
in cancer cells and solid tumours with the focus on local immunity.
Determine why immunoglobulin glycosylation is reduced in multiple
myeloma.

Publish paper on the effect of TAK1-inhibitors in multiple myeloma.
Publish a review paper on the molecular function of IL-32.

Publish a paper on the effect of Smac-mimetics on osteoclastogenesis.
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CEMIR RESEARCH GROUPS

The Inflammation Research Group

The strategy of the Inflammation Research Group is to study the cellular
and molecular mechanisms that inflammasomes, Toll-like receptors (TLRs)
and the complement system are using to mount sterile and non-sterile
inflammatory responses. The group has a long track record and has made
several significant contributions within innate immunity and host defence
over the last 25 years. Currently, we have a focus on mechanisms involved
in trafficking of TLRs and their adaptor molecules between intracellular
compartments where TLR signalling is taking place. This project aims to
increase our understanding of how Gram-negative — and Gram-positive
bacteria are able to induce inflammatory signalling from different cellular
compartments, and identify new targets for treatment of severe inflammatory
conditions. Moreaver, we work on inflammatory responses that occur during
the development of atherosclerosis. The aim of this project is to identify the
detailed molecular mechanisms of how cholesterol crystals activate the com-
plement system and immune cells. The goal is to design effective therapeutic
agents to diagnose and treat atherosclerosis.

The Inflammation Research group has a strong interest in applying and
developing molecular and cellular imaging techniques for use in the CEMIR
projects. The group leader s also scientific leader for the Imaging Core Facility

at NTNU (http://www.ntnu.edu/dmf/cmic). This core facility has recently
acquired the most recent state of the art confocal microscope, the LSM880
Airyscan which is very suitable for fast live cell imaging. Also, we have a 3X
STED super-resolution laser confocal microscope with a PicoQuant single
molecule detection upgrade, and a TIRF microscope. These three instru-
ments are installed and well-integrated in the CEMIR laboratories. The
inflammation Research Group is collaborating with other CEMIR groups
(Flo, Kandasamy and Bjarkay) in completing the basic research oriented
CEMIR themes (themes 1-4), as well as having cooperations with the more
clinically orientated research themes on inflammatory bowel disease and
atherosclerosis (Sandvik, Damas and Iversen).

The research group is led by Professor Terje Espevik and currently consists of
15 persons. The group has close collaborations with the CEMIR adjunct pro-
fessors, Mollnes, Lien, Fitzgerald, Stenmark and Latz. Moreover, the group
is also actively involved in collaborative projects at national (B. Halvarsen
and P. Aukrust, University of Oslo) and international levels (C. Kemper, NIH,
USA, P. Garred, University of Copenhagen, G. Teti, University of Messina,
Italy, and M. McCaffrey, University of Cork, UK).
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The autophagy group focuses on how this intracellular degradation route is
controlled by external signaling compounds and local metabolite levels to
regulate inflammation in normal tissues and solid tumors. Development and
progression of solid tumors is influenced by the infiltrating immune cells.
So-called immunologically cold tumars display clear signs of local immune
suppression, develop more aggressively and respond poorly to treatment.
On the other side, immunologically “hot-tumors” show favorable prognosis
and better responses to therapy. We, and many others, aim to find new
ways to convert the local immune environment in solid tumors from “cold” to
“hot”. Autophagy can be highly selective degradation of intracellular proteins
and organelles. Thus, autophagy has the potential to change the composition
of intracellular signaling proteins in all cell types, including cancer cells.
Activation of the Type I Interferon response is a sign of a “hot” tumor. We
recently published that autophagy coincide with a dampening of the Type |
interferon response in innate immune cells. We now study if immune reac-
tions and interferon response within solid tumors is controlled by autophagy.
For these studies, we combine data from tumors from an immunocompe-
tent mouse model with data mining in large databases of tumar biopsy
and clinical information. The aim is to explore the idea that autophagy is a
selective cellular mechanism involved in the regulation of tumor immunity.
Innate immune cells like macrophages and neutrophils are important in
solid tumors to initiate and maintain the immune microenvironment. Tumors
dominated by anti-inflammatory macrophages and immature neutrophils

indicates poor prognosis and limited effect of therapy. We search for causal
activities for these innate immune cells as identify targets to reprogramming
the immune environment. Formation of such macrophages depends on the
macrophage specific receptor CSFIR. In a multidisciplinary collaboration,
we explore novel CSF1R inhibitors as candidates for reprogramming tumor
immunity. The aim of these studies is to find compounds that can reprogram
the local immune microenvironment. Autophagy is also a way to mobilize
amino acids and other nutrients during starvation. Degradation of cellu-
lar proteins is strictly controlled. Cancer cachexia is a severe complication
that affect many cancer patients and is characterized by dramatic loss of
muscle proteins. We have found that serum from cancer patients contain
autophagy-inducing bioactivities and that this activity associates with loss
in body weight. Our data demonstrate that IL-6 secreted from cancer cells
cause loss of muscle mass in animal models. Our focus now is on how
IL-6 released from the tumor may affect the immune system in ways that
stimulate autophagy and reduced energy levels in muscle cells. The group
collaborate closely with other groups at CEMIR and NTNU and with Professor
Terje Johansen at the University of Tromsg and Dr. Carsten Jacobi at Novartis,
Basel, on aspects of autophagy and cachexia. For novel compounds targeting
macrophage activities, we collaborate with Dr. Clair Pridans at the University
of Edinburgh and the Max Planck Lead Drug Discovery Center in Dortmund
with manager Dr. Bert Klebl.
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The Inflammation in Pregnancy Research Group

Pregnancy is a stress test to the cardiovascular system and the hypertensive
disorder preeclampsia have shared mechanisms with cardiovascular disease.
The two main causative components are placental dysfunction characterized
by harmful inflammation at the maternal-fetal interface and dysregulated
maternal inflammatory response to the placental stress. The relation to cardio-
vascular disease underlies our extensive molecular studies of cholesterol
driven inflammation at the maternal-fetal interface, molecular characteriza-
tion of atherosclerosis-like lesions in uterine wall arteries, and identification
of disease specific maternal serum cytokine patterns. The lack of diagnostic
placental dysfunction markers underlies our molecular profiling and risk
gene analysis by omics-technologies to characterize and identify biomarkers
of placental dysfunction in preeclampsia and fetal growth restriction. The
increased risk for cardiovascular disease following hypertensive pregnancy
disorders is studied in Norwegian Health Registries. The Research Group
is responsible for a unique collection of placental and uterine wall tissues
containing atherotic lesions, an adipose tissue biobank, and preeclampsia
risk gene studies in the HUNT cohort. The broad research approach involves
molecular inflammation studies, biobanking, metabolomics, transcriptomics,

genomics and epidemiology, made possible by strong collaboration between
clinical departments and basic researchers in different disciplines.

Central collaborators include Professors Line Bjgrge at Haukeland University
Hospital, Eszter Vanky, Runa Heimstad, Trine Moholdt and Bard Kulseng at
St. Olavs Hospital, Tone Bathen at NTNU, and Raymond Redline at Cleveland
Medical Center. The Research Group is partner in the 12-partner EU 7FP
project InterPregGen coordinated by Professor Linda Morgan at University
of Nottingham, unravelling genetic risk factors for preeclampsia. We work
closely with other researchers at CEMIR and the core facility CMIC, parti-
cularly linked to molecular studies of lipids and cholesterol crystals, danger
response activation, and serum cytokine profiling.

The Research Group is led by Professor Ann-Charlotte Iversen. In 2020,
the group counted 10 persons; Professor Iversen, one post doc, four PhD
students, two MD PhD students, one MD student and one Staff Engineer.
Two PhD students completed their thesis in 2020.
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The inflammatory bowel diseases (IBD) research group studies IBD patho-
biology, with patient data and biobanks as central resources. The ultimate
aim is to improve diagnostics, prognostics and treatment, and to facilitate
drug discavery. Projects concentrate on epithelial dysfunction in 1BD, but
alsa include relatively specific immunological aspects such as the IBD role
of intraepithelial lymphocytes, and the mycobiome and virome of the gut.
Hypotheses are generated by e.g. transcriptome analysis of biobank material
from precisely characterized IBD patients; and tested in different in vitro
models such as patient-derived organoids. When relevant, projects are done
in close collaboration with other CEMIR groups working with e.g. innate
immune mechanisms, mucosal repair and proliferation, and genome editing.
The IBD group is closely connected with clinical medicine, also through
combined university/hospital positions, and collaborates with clinicians in
7 different hospitals in the Central Norway health region. The translational
aspect was significantly strengthened in late 2019, when the group was

granted CAG (Clinical Academic Group) status by the Faculty of Medicine and
Health Sciences in collaboration with the Central Norway Health Authority.
Work is cross-diciplinary, including cell biologists and molecular biologists
in addition to clinicians and gastrointestinal pathologists. One of the two
IBD group leaders is also the scientific head of the faculty Genomics Core
Facility, and is experienced within transcriptome analysis and bioinformatics.
Excellent experimental animal facilities, also for genetically modified mice,
are available.

The group's international network includes Immunobiology at Yale
University (New Haven, USA), Biomedical Sciences at Cedars-Sinai Hospital
(Los Angeles, USA), Singapore Immunology Network, Biomedical Sciences
Institutes (Singapore), University of Linkoping (Linkoping, Sweden) and
Institute of Health Research (FISABIO) (Valencia, Spain).
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The Bone Disease Group

Multiple myeloma is a cancer of plasma cells, located within the bone mar-
row. A hallmark of this cancer is the presence of a severe osteolytic bone
disease, affecting nearly 80 % of the patients. The bone disease of multi-
ple myeloma is highly aggressive, and is the cause of pain, fractures and
reduced quality of life for the myeloma patients. Infections are also common,
contributing to shorter life expectancy. The expected time of survival from
diagnosis has increased significantly the last decade due to better treatment
options, but development of drug resistance is common, and myeloma is
still considered an incurable disease.

Hypoxic and ER stress and a low grade, chronicinflammation characterize the
myeloma bone marrow. QOur research is centered on identifying infectious
and inflammatory factors present in the bone marrow microenvironment
that influence plasma cell survival and cells in the tumor microenvironment.
We aim to understand the molecular mechanisms for disease progression.

We have established a broad repertoire of protocols for differentiation of
several types of cells from human primary cells. We have access to fresh,

primary tumor cells from myeloma patients and our in vitro experiments
are mainly performed using human primary cells. For in vivo studies we
either use a traditional xenograft model allowing engraftment of myeloma
celllines, a syngeneic mouse model established in the Chesi/Bergsagel lab
at the Mayo Clinic in Arizana, US, or a novel human-mause scaffold model
developed in the laboratory of Anton Martens, the Netherlands. This model
allows for a reconstruction of a human hematopoietic environment in scaf-
folds that are subsequently implanted in immune compromised mice. This
model allows for engraftment of primary cells from patients. The close col-
laboration with the clinic combined with the relevant pre-clinical models is
key in our search for new treatment targets. From March 2020 we are part
of the newly established clinical academic group (CAG) for multiple myeloma
research in Central Norway and we also collaborate closely with the Nordic
Myeloma Study Group

The group is led by professor Therese Standal and currently consists of four
PhD students, two post doctors, a researcher and a technician.
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Cellular and Molecular Mechanisms in Regeneration

Reparative processes are an important part of recovery after insults. These
insults can be caused by mechanical damage, inflammation, and infection.
Appropriate repair is necessary to avoid development of chronic inflam-
matory or infectious diseases, and even cancer. We study cell-intrinsic and
cell-cell communication mechanisms by which reparative and immune
respanses collaboratively ensure tissue protection. We use both in vivo and
in vitro (organoid co-cultures) models of disease (inflammation, infection,
cancer). We use CEMIR's impressive imaging infrastructure to develop auto-
mated image analysis tools for organoids and tissue sections. We combine
these imaging techniques with next generation sequencing to measure chan-
ges in microbiome, gene expression, and chromatin state. We mainly study
mucosal sites, as they are one of the prime interfaces between ‘in" and ‘out’,
and thus common sites for inflammation or infection. For example, we study
how factors (cytokines) that are derived from immune cells induce an effector
respanse in the intestinal epithelium. In addition, we are determining the
role of different epigenetic modifiers, which alter the chromatin state of
cells, in intestinal epithelial cell differentiation in general and in response
to infection specifically. Finally, we are really interested in how non-immune
cells, such as smooth muscle cells, contribute to tissue repair and immunity
by secreting so-called ‘niche’ factors.

We cannot do this work alone, and fortunately we have a range of collabo-
rators for our different research lines that contribute to specific expertise.
We are exploring immunity at other mucosal sites together with Dr. William
Horsnell (University of Cape Town, South Africa). In addition, we are working
with the groups of Drs. Rick Maizels (University of Glasgow, UK) and Kathryn
Else (University of Manchester, UK) on differentintestinal helminth infection
models. We rely on the expertise of Dr. Toshiro Sato (Keio University, Tokyo,
Japan) for human organoid models, and we collaborate with Dr. Kim Jensen
(The BRIC, Copenhagen, Denmark) to study fetal and regenerative intestinal
epithelium. Finally, for our epigenetic studies we work together with Dr. John
Arne Dahl, (Oslo University Hospital, Norway).

This group started in 2016, is led by Dr. Menno Oudhoff, and in 2020 consi-
sted of 4 Postdocs, 3 PhD students, T MScstudent, and 1 Research Assistant.
We hope two of our PhD students will graduate in 2021, and one postdoc has
finalized their studies in December 2020 to become an academic librarian.
We are looking forward to see what previous trainees will do in the future.
In 2020, we published our first study (Zwiggelaar et al, 2020), and we are
revising four other manuscripts that were depasited on the bioRxiv server.
We hope 2021 will be a very fruitful year with manuscripts and new funding
opportunities.
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The Research Group on Molecular Mechanisms
of Mycobacterial and Viral Infections (MYCOVIR)

Mycobacteria and HIV can cause life-long infections and pose a global health
challenge. The COVID-19 pandemic further exemplifies how infectious diseases
can paralyze society and cripple the world economy. New or improved
treatments for infectious diseases are urgently needed, but hampered by
an incomplete understanding of microbial virulence and host responses
underlying disease pathology.

QOur primary research focus is the molecular host defense mechanisms invol-
ved inimmunity to mycobacteria, HIV and SARS-CoV2 and virulence strategies
employed by these pathogens to parasitize host cells. Intracellular trafficking,
compartmentalized pattern recognition receptor signaling, host cell killing,
and nutrient metabolism are central processes currently inve-stigated in our
lab. Most of our work is on the cell biology of infection or in mouse infec-
tion models, but we do collaborate with clinicians on translational research
projects. We believe our basic research strategy may contribute to revealing
new therapeutic targets and adjunct host-directed therapies, as well as in
vaccine development.

The Research Group is led by Trude H. Flo and includes five more research
scientists, one post doc, four PhD students, two medical research students
and three master students. We have developed expertise, methods and tools
to study HIV, mycobacteria, SARS-CoV2 and the host innate and adaptive
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immune defenses both in vitro/ex vivo in human primary cells and cell
lines, and in vivo in mice. We just established induced pluripotent stem cell
(iPSC)-derived macrophages and will continue with building lung-mimetic
multicellular models for studying infections.

We have strains of Mycobacterium tuberculosis (Mth), M. avium and
M. smegmatis available with fluorescence and firefly luciferase, and we
have a confocal microscope in our BSL-3 fadility for live imaging of Mtb, HIVand
SARS-CoV2 infections. Transposon mutant libraries with more than 150 000
mutantsin M. smegmatis, M. avium and Mtb are available. We collaborate closely
with the systems inflammation group (R Kandasamy), the inflammation group
(T Espevik, JK Damds) and with CEMIR affiliated professors E Lien (UMass),
D Underhill (Cedars Sinai) and H Stenmark (OUS). We also pioneer the use
of Focused lon-Beam Scanning Electron Microscopy at NTNU Nanolab to
perform high resolution imaging of intracellular infections. Central external
collaborators are P Bruheim (NTNU, Dept. Biotechnology), A Simonsen (Ui0,
autophagy), AM D Riise (OUS, TB & HIV), K Tasken (OUS, T-cells), E Rubin
(Harvard, mycobacteria), R Brosch (Institut Pasteur, mycobacteria), N Reiling
(Research Center Borstel, mycobacteria), K Prasad (Yenepoya University,
proteomics), M Lerm (Linkgping University, TB screens), M Niederweis
(Univ Alabama, Mth).
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The Systems Inflammation Research Group

Infectious diseases and inflammatory disorders are major contributors to
the global burden of disease, thereby having a huge socio-economicimpact.
Decades of research have unraveled the arsenal of mechanisms by which
the host immune system detects an invading microbe and elicit an innate
immune response ensuring clearance of the pathogen while exerting a
minimal damage to the host. Any failure in this chain could lead to chronic
diseases such as Atherosclerosis; as well as devastating conditions like sepsis
and sepsis-induced death. It is critical for the host to restore homeostasis
and resolve the inflammation upon microbial infections through a collective
and meticulous coordination of a number of controlled molecular events
such as chromatin remodeling, transcription, translation, post-translational
modifications (PTMs) and metabolic reprogramming. The systems inflam-
mation research group aims to specifically study the role of metabolic
reprogramming and PTMs (phosphorylation, acetylation and succination)
in antiviral signaling and inflammation using state-of-the-art systems-level
approaches such as mass spectrometry-based proteomics and metabolo-
mics. Additionally, we employ CRISPR/Cas9-based genome-wide/targeted
genetic screens to identify key regulators; upon viral infection such as HIV,
Influenza, SARS-CoV-2, and other inflammatory stimuli. We believe that our
basic research-focused systems-level approaches would yield deeper and

broader understanding of inflammatory signaling which will have enormous
translational potential.

The research group led by Richard K. Kandasamy currently includes 1 Ph.D.
student, 1 Researcher, 1 post-docand 1 Masters student. We work in close
collaboration with CEMIR research groups led by Terje Espevik and Trude
H. Flo; as well as Per Bruheim (Department of Biotechnology, NTNU), Denis
Kainov (Department of Clinical and Molecular Medicine, NTNU) and Geir
Slupphaug (NTNU Proteomics Core).

Our international collaborators include Kate Fitzgerald (UMASS Medical
School, Worcester, USA), Kate Fitzgerald (UMASS Medical School, Worcester,
USA), Egil Lien (UMASS Medical School, Worcester, USA), Giulio Superti-
Furga (Center for Molecular Medicine, Vienna, Austria), Christoph Bock
(Center for Molecular Medicine, Vienna, Austria), André Miiller (Center
for Molecular Medicine, Vienna, Austria), Rune Linding (University of
Copenhagen, Copenhagen, Denmark), Keshava Prasad (Center for Systems
Biology and Molecular Medicine, Yenepoya University, Mangalore, India),
Andre Mueller (Center for Molecular Medicine, Vienna, Austria) and Akhilesh
Pandey (Mayo Clinic Rochester, USA).
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INNOVATIONS AND PATENTS

New drug candidates with a potential to inhibit flammatory responses

Expression of the SLAMF1 immuno receptor in human monocytes.
Photo: Mariya Yurchenko.

At CEMIR we currently have two innovation strategies for controlling inflam-
mation. The first one is to control inflammation by interfering with the
Toll-like receptor signaling pathway.

Microbial as well as sterile inflammation is initiated by pattern recognition.
This is the initial and most upstream event for the inflammatory response,
which subsequently leads to activation of a broad inflammatory network with
release of innumerable of mediators. In the presence of a systemic infection,
microbial pathogens and their soluble mediators induce strong inflam-
matory- and coagulation activation, leading to hypercytokinemia, severe
sepsis and septic shock. Despite current treatment strategies and advances
in supportive care of ritically ill patients, the mortality rate has barely decrea-
sed during the past decades. Thus, there is a need for identifying new targets
and new strategies for controlling inflammatory responses.

Researchers from CEMIR recently discovered that SLAMF1 protein interacts
with several key regulators of TLRs signaling (Yurchenko et al, | Cell Biol
2018). These interactions are crucial for pro-inflammatory cytokines expres-
sionin response to activation of both TLR4 and TLRY. Based on this discovery,
they developed a strategy to inhibit TLRs-mediated inflammatory response
by synthetic peptides derived from SLAMF1 protein.
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SLAMF1 derived drug candidate, target and mode of action
The drug candidate is a peptide composed of 10 amino acids, linked to a
cell penetrating peptide (CPP) sequence for effective intracellular delivery.
Several CPPs have been successfully tested, and penetratin was chosen for
further development. Intracellularly, the peptide blocks the recruitment
of crucial adaptor protein Mal/TIRAP and thereby inhibits the formation
of the Myddosome complex and TNFa, IL-6, Il-1B and several other pro-
inflammatory cytokines secretion. The peptide also directly interacts with
the TRIF-Related Adaptor Molecule (TRAM) and inhibits TLR4-mediated
expression of IFN.

The SLAMF1-derived peptides are currently in pre-clinical stage. The safety
and efficacy of the peptides to regulate the cytokine production were
thoroughly tested in primary human monocytes, THP-1 cell line and an ex
vivo whole blood model. The animal studies in several disease models will
be carried out in 2021.

The results show:

+ The effect of peptides is reversible, concentration dependent, with
working concentration in 5-20 uM range

+ Peptides inhibit pro-inflammatory cytokines (TNFa, I1-1B, IL-6) and
IFNB expression and secretion mediated by TLR4 and TLRI as well
as TLR8-mediated IFN expression

+ Peptides do not alter TLR2 and IL-1R-mediated signaling

+ Peptides inhibit uptake of G+ and G- bacteria

The anti-inflammatory peptides and their use are covered by pending patent
application filed in 2020.

Given broad inhibitory activity towards several TLRs and low
toxicity, SLAMF1-derived peptides have high potential for
efficient inhibition of inflammation in patients with different
acute and chronic inflammatory conditions as well as overall
decrease of inflammation-driven complications.

Colony stimulating factor 1 receptor inhibitor

The other innovation strategy is to control inflammation by interfering
with the colony stimulating factor 1 receptor (CSF1R). The tyrosine kinase
receptor CSF1R, specifically expressed on monocyte-derived cells, is crucial
for differentiation and survival of macrophages including bone-degrading
osteoclasts. CSFIR activity is also important for pro-tumorigenic macrop-
hages in solid tumors. Thus, chemical inhibitors of CSFIR may be useful in
several conditions driven by hyperactive macrophages such as bone diseases
and cancer. Organic chemists at NTNU (Hoff/Sundby) have designed and
synthesized novel compounds that inhibit CSF1R activity with potency and
specificity that is superior to current alternative inhibitors in enzyme assays.
At CEMIR, the autophagy group headed by Geir Bjgrkay has developed
a novel screening approach to evaluate the compounds in CSF1 induced
signalingin macrophages. The best candidates are further tested for admini-
stration, distribution, metabolism and excretion (ADME) at the Max-Planck,
Lead Discovery Center (LDC) in Dortmund. We are now testing lead drug
candidates for efficacy and toxicity in rat and mouse models. Based on these
analyses, the best compounds will now be tested in animal models of bone
disease and cancer.

A gene signature for personalized treatment of cancer patients
The cellular oxidative stress response coordinated by the gene regulator
NRF2 is importantin cellular stress responses and inflammatory conditions.
NRF2 is frequently hyper-activated by somatic mutations in several forms for
solid cancers. In breast cancer, somatic mutations in the NRF2 pathway is
rare but a high frequency of breast cancer biopsies show elevated transcrip-
tion of a discrete subset of NRF2 controlled genes. Based on this observation,
we have deduced a NRF2 related gene expression signature of 16 trans-
cripts in RNA from biopsies. Rise in this NRF2 signature strongly correlates
with poor prognosis for all breast cancer subtypes, including patients with
early-stage, hormone receptor positive tumors. Using several large breast
cancer cohorts, the NRF2 signature is a strong and independent predictor
of outcome compared to Pam50 ROR gene expression signature recently
introduced for breast cancer prognostics. We also find that the NRF2 adds
predictive strength to Pam50 ROR when these are combined. The aim is that
the NRF2 signature can aid in the identification of patients that can be treated
more carefully than current regimes. A patent application is approved, and
we are discussing with international actors how this approach may support
future personalized treatment of breast cancer patients.
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CEMIR-USE OF THE IMAGING CORE FACILITY

From a course where CMIC contributed with instruments, technical assistance and presentations. The microscope at the picture is a Leica SP8 STED. Photo: Bjgrnar Sporsheim.

The CEMIR laboratories are located in the Knowledge Centre and the Gastro
Centre at the @ya Campus of St.Olavs Hospital/NTNU. New laboratories
opened in the Knowledge Centre in June 2014, and in October 2015 we
opened a new Biosafety Level Three (BSL-3) laboratory, offering the highest
level of security for research on viruses and bacteria in Norway.

Researchers and students at CEMIR have access to a multitude of different
imaging techniques, for live cell studies as well as imaging of fixed cells
and tissue preparations. These instruments are all part of the Cellular and
Molecular Imaging Core Facility, CMIC, at Faculty of Medicine, NTNU, www.
ntnu.edu/mh/cmic. The CEMIR director is the scientific leader for this core
facility. CMICis closely integrated with the CEMIR's Iaboratories and its rese-
arch groups, and CEMIR scientists are the biggest user group of CMIC. The
core facility offers several services: standard confocal microscopy and live cell
imaging, fully automated high-throughput image acquisition, image visualiza-
tion and image processing, immune histochemistry and electron microscopy.

In2019 a Zeiss LSM 880 Airyscan super resolution confocal microscope was
installed at CMIC. During the last two years this microscope has become
one of the most used imaging system with 37 unique users, the majority of
which are from CEMIR. This microscope uses a special 32 array GaAsP PMT
detector to collect more light from the sample for each pixel, resulting in an
image with better resolution and greater signal efficiency. In combination
with state-of-the-art deconvolution we can achieve resolution down to about
80 nm, which is over two times better than conventional confocal
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microscopes. The array detector can also be used in “fast” mode for high
speed, high resolution live cell imaging. The instrument is otherwise well
equipped with an incubator system for controlled temperature and €02
environment. The Zeiss Zen Connect software can be used to combine and
correlate data from other microscopes and modalities, such as electron
microscopy for a better understanding of your samples.

Furthermore, CMIC has a high-end Leica SP8 STED 3X super-resolution
microscope with the possibility to perform single molecule detection and
analysis that is particularly useful for studying molecular interactions in
cells. This confocal microscope also has a Hamamatsu Orca-Flash 4.0, and
in combination with new Leica Navigator software, this enables high speed
fluorescence images for screening and overview. High contentimaging is also
possible on a Zeiss TIRF 11l fluorescence microscope equipped with a new
Hamamatsu Orca-Fusion camera. Rapid and initial fluorescence screening
is now available on rebuilt Zeiss Axiovert 200M with a new PCO camera plus
a CoolLED light source.

In addition, CEMIR researchers are using Focused-lon Beam Scanning
Electron Microscopy (FIB-SEM) in collaboration with the NTNU Nanolab.
A3-D serial block face scanning electron microscope is also a part of the CMIC
instrument park, enabling larger samples at high resolution. Data is proces-
sed with Amira imaging software to give insight into the three-dimensional
structures in tissue, single cells or organelles.
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INTERNATIONAL COLLABORATION

Canada Sweden ijand
Denmark
United Kingdom\\ Kazakhstan _
Netherlands Uzbekistan
Germany.
France—
Spa% “Japan
United States Switzerland “\ south Korea
Austria
Italy
India
Collaborating Countries Nepal
Australia
South Africa/

It is part of CEMIR's vision to contribute to NTNU's vision Knowledge for a
better world. CEMIR focuses on developing the knowledge and expertise the
global community needs. International collaboration is of great importance
to achieve this goal. CEMIR has a comprehensive collaboration with inter-
national scientists and institutions, and we believe that this improves the
overall quality and relevance of our work. CEMIR collaborates with more than
30 international research groups. These collaborations have led to important
scientific findings, joint publications and co-supervision of PhD candidates
and post docs.

Six outstanding professors from other institutions are affiliated with CEMIR:
Kate Fitzgerald and Egil Lien from UMass Boston, David Underhill from
Cedars-Sinai LA, Eicke Latz from Univ. Bonn, and Harald Stenmark and Tom
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Eirik Mollnes from Oslo University Hospital. They work in the fields of cell
biology and innate immunity and contribute extensively to the research
program at the Centre, as well as hosting and supervising our PhD students
and post docs.

Since 2013 CEMIR staff members have stayed as guest researchers with
our collaborators in USA, South Africa, England, Spain, Germany, Denmark,
Singapore and Scotland.

English is our daily working and teaching language

37 % of the CEMIR staff is international, representing 17 different countries.
All CEMIR seminars, guest lectures and courses at master- and PhD level
are held in English.

departments in 2020

Therese Standal og Tobias S. Slgrdahl.

Our goal is to develop new therapeutic approaches and biomarkers for
inflammatory and infectious diseases through basic research on molecular
innate immune responses. We investigate inflammatory pathways in various
infections, atherosclerosis/preeclampsia, multiple myeloma and inflamma-
tory bowel disease (1BD). We seek to exploit our findings in development of
dinical and patient-oriented tools and treatment strategies. To achieve this
goal in translational medicine, we have established a close collaboration
between CEMIR and St. Olav's hospital in several projects. Several papers
from 2020 includes analyses of clinical materials, further establishing the
dinical relevance of basis inflammatory processes. We have published
several studies using clinical samples from bath biobanks and interventional
studies in several infectious diseases, cardiovascular and gastrointestinal
diseases, cancers and preeclampsia. Researchers from CEMIR participated
in the ASSAIL-study where patients with ST-elevation myocardial infarction
received the IL-6 blocker tocilizumab or placebo. Late autumn 2020 we also
got approval for establishing a general biobank at the intensive care unit
(ICU) at St Olav's hospital. This will allow future studies for sepsis and severe
infections with organ failure as well as acute coronary syndromes. For many
of our projects, we have established access to the clinical and genetic data
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CEMIR and the cooperation with clinical

from the large genotyped HUNTZ study linked with clinical registries such as
the Mid-Norway Sepsis Registry. To illustrate the close interaction with the
dlinics, two groups at CEMIR have now been announced clinical academic
groups (CAG). The IBD-group at CEMIR got this status in 2019. In 2020 a
new CAG “Multiple Myeloma in Central Norway” was appointed, with Tobias
S. Slgrdahl, St. Olav's hospital, and Therese Standal, CEMIR, as leaders.
A CAG is an academic clinical research group, which consist of researchers
and clinicians from the NTNU and St Olav's hospital. This will be achieved
a strong professional network between CEMIR, St Olav's hospital and the
rest of the health region. Another major achievement in the cooperation
between clinical departments and CEMIR was the founding of the Colorectal
Cancer (CRC) Center at IKOM. The goal of CRCis to identify novel approaches
to improve colorectal cancer diagnostics and management. Group leader
Menno Oudhoff and researcher Nadra Jesmine Nilsen at CEMIR has contri-
buted to the establishment of a new Colorectal Cancer (CRC) Research Center
together with gastrosurgeons and oncologists at St Olav's hospital. The aim
is to is to lay ground where research groups at CEMIR will find good oppor-
tunities for collaborations at the CRC center, and to ensure this, Oudhoff
is one of the theme leaders on development and early detection of CRC.
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COMPLETED PHDs in 2020

for the degree of Philosophiae Doctor

ABOUT CEMIR

CEMIR's host department is Department of Clinical and Molecular Medicine

Siv Boon Mundal

defended her thesis Pathological processes
in the uterine wall decidua in preeclompsia
and fetal growth restriction

January 13., 2020.

Her supervisors have been

Professor Ann-Charlotte Iversen (NTNU),
Professor Il Ganesh Acharya (University
of Tromsg), and Professor Line Bjgrge
(University of Bergen).

Vlado Kovcic

defended his thesis New players

inan old game: Role of immunoglobulin
in the pathogenesis of multiple myeloma
April 23., 2020.

His supervisors have been

Professor Therese Standal and
postdoc Marita Westhrin

(both NTNU).

Kristin Roseth Aass

defended her thesis The role of IL-32
in multiple myeloma

September 23., 2020.

Her supervisors have been
Professor Therese Standal and
postdoc Marita Westhrin

(both NTNU).

Camilla Izabel Wolowczyk
defended her thesis Novel pathways
to metastasis of breast cancer
December 4., 2020.

Professor Geir Bjgrkgy has been her
supervisor, while General Manager
of PROMEC Lars Hagen,

Professor Anne Mary Bofin and
Researcher Toril Holien have been
co-supervisors (all NTNU).

at the Faculty of Medicine and Health Sciences, NTNU. In addition, CEMIR
has two main partners: Department of Biomedical Laboratory Science at the
Faculty of Natural Sciences hosting the Autophagy group, and The Central
Norway Regional Health Authority/St. Olavs Hospital that has provided finan-
ting. Agreement documents regulate the cooperation with our partners. The
Centre management reports to the CEMIR board.

The Centre activities integrate various research themes and unite research
groups across disciplines to break new grounds in inflammation research.
The Centre also has six international researchers employed as Professor II.

CEMIR board
One board meeting was held in 2020.
From 2018 the board members have been:
« Torstein Baade Rg — (Board chairman)
Head of Dep. of Clinical and Molecular Medicine, NTNU
* PalRomundstad - Vice Dean,
Faculty of Medicine and Health Sciences, NTNU
+ Lars Gunnar Landrg — Head of Dep.
of Biomedical Laboratory Science, NTNU
+ Gilda Susan Opland - Head of dlinic,
Clinic of Laboratory Medicine, St. Olavs Hospital

CEMIR Scientific Advisory Board (SAB)

Dept. of Clinical and
Molecular Medicine

The CEMIR leader group. Trude Helen Flo, Terje Espevik and Trine Aakvik Strand.

Dept. of Biomedical

The SAB members are: NTNU, Faculty of Medicine Laboratory Science
Gabriela Brettas Silva Helene Kolstad Skovdal * Professor Douglas Golenbock, and Health Sciences
defended her thesis /nflammation by pattern re- defended her thesis lmmunoregulatory roles University of Massachusetts Medical School (Faculty of Natural Sciences)
cognition receptors in the uterine wall decidua and of chemokines and epithelium in inflammatory * Professor Alan Aderem,
the placenta of normal and preeclamptic pregnancies bowel disease — CCL20 in mucosa, human colo- Seattle Biomedical Research Institute CEMIR
June 18., 2020. noids and peripheral blood mononuclear cells * Professor Goran Hansson,
Her supervisors have been December 14., 2020. Karolinska Institutet Board -
Professor Ann-Charlotte lversen, Her supervisors have been « Professor Stefanie Vogel, i ol S Sl

regional health Authority Director’s team and Advisory Board

Marie Hjelmseth Aune (NTNU), Professor Arne Kristian Sandvik, University of Maryland medical Center Theme leader group

and researcher Liv Thorsen researcher Atle van Beelen Granlund and + Professor Lynda Stuart,
(Haukeland Universitetssykehus). Professor Jan Kristian Damds (ann NTNU). B &M Gates Foundation

and St. Olavs hospital

The function of SAB is to review the scientific progress of the Centre and
to give guidance to future research directions.
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SCIENCE COMMUNICATION AND
OUTREACH ACTIVITY

The Bone disease group’s publication in Blood received a lot
of publicity, e.g. at NRK and Gemini. Therese Standal has also
been interviewed by “I margen” about their research.

Blogs and podcasts:

En faktablogg om medisin og helse ved NTNU EplSOde 20: H |V

NTNU Medisin og helse har flyttet til ny adresse:
www.ntnu.no/blogger/helse

Forskning o forskning & NTNUhealth

Hvordan vi oppdaget en ny mekanisme i

Tom Eirik Mollnes and coworkers' findings about covid-19-infections were described in Trude H. Flo was interviewed by NRK about their latest findings on how the tuberculosis immunceller for a vekke HIV virus som
the media, e.g. by Dagens Medisin. The study has been published in PNAS. bacterium kills host cell. The research has been published in Nat. Comm., and was also ligger i dvale
described by NRK viten and Norwegian SciTech News. ov@NTNURelse |26, februar 2020 Hany also contributed to a podcast about HIV at
Hany Meds had a “behind the paper” blog in Nature Markus Haug blogged about the same paper Diagnose (St. Olav), in which he talks about the findings
Research Micro community about their HIV paper. @NTNUhelse. in their recent publication in Nat. Comm.

Jan Kristian Damas and coworkers

Bldi Marianne S. Beckwith had a “behind the paper” blog in Ragnhild Saetra and Sindre Ullmann blogged about the Ragnhild and Sindre had a blog at NTNU
were interviewed by Aftenposten Nature Research Micro community about their paper same paper @NTNUhelse. Medisin og helse - Faghlogg at the World TB day
about their research published in on M. tuberculosis and inflammasomes. (March 24.).
PLoS Medicine.
Gabriela Silva and the InPreg group’s findings published in Front. Inmunol. were
presented at NRK. BOﬂUSQpiSOdE:
Koronavaksionen — forskning i superfart
Koronavaksinen er rett rundt hjgret. Hvem b fa den farst — og hvor mange Despite of the pandemic, CEMIR researchers have
ma ta den — og vil en vaksine egentlig lase problemet? contributed with presentations at some conferences

and meetings, such as:

* Keystone Symposium Tuberculosis
* «Innate immunity in cardiovascular disease» meeting

S + Blodkreftforeningens seminar om myelomatose
Apublication in Nat. Comm.

by Hany Megs and coworkers * The annual IBA meeting -
received a lot of attention in * AMR-BRIDGE workshop «The need for new antibiotics»
the media, e.g GEMINI, * GAK- Glgshaugen Akademiske Klubb

Aftenposten Viten, Norwegian

SciTechNews and several Adresseavisen described how Jan Kristian Damas and coworkers at NTNU and St. Olavs

international newspapers. hospital are working to try to find medicines that might help corona-patients. Jan Kristian Damas talked about the corona-situation in a podcast at Diagnose.
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GUEST LECTURES IN 2020

CEMIR aims at inviting a number of guest lecturers every
year. This is a great opportunity for the Centre members
as well as other researchers at the Faculty of Medicine
and Health Sciences to get scientific insight from excellent
researchers at other universities.

During the pandemic, this aim has been maintained by
arranging the guest lectures at zoom.

April 27th,

Professor Harald Stenmark,
University of Oslo and

Oslo University Hospital and
affiliated professor at CEMIR:
Regulation of cellular membrane
dynamics.

June 17th,

Dr. Charlotte Odendall,
King's College London, UK:
Interferon: tug of war between host
and pathogen.

June 17th,

Researcher Xavier Lahaye,
Institut Curie, Paris, France:
(GAS-STING, HIV and

genetic instabiliy.
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October 26th,

Professor Eicke Latz,
University of Bonn and affiliated
professor at CEMIR:

Unbiased analysis of mediators
of metaflammation.

October 28th,

Professor David Underhill,
Cedars-Sinai, Los Angeles, USA,

and affiliated professor at CEMIR:
Innate and Adaptive Immune Responses
to Malassezia in Crohn’s Disease.

November 13th,

Professor Tom Eirik Mollnes,
Oslo University Hospital and affiliated
professor at CEMIR: Treatment of
complement-mediated diseases in the
dlinic - from rare diseases to corona
pandemics?

November 17th,

Dr. John Brumell,
University of Toronto, Canada:
Mechanisms of cell-to-cell spread
by Listeria monocytogenes.

CEMIR STAFF 2020

CEMIR was established as a Centre of Excellence January 1, 2013. We have
emphasized the importance of establishing a unified research Centre in

which multidisciplinary research cooperation is encouraged and stimulated.

www.ntnu.no/cemir - ANNUAL REPORT 2020

By the end of 2020, 67 scientific staff members, 14 technicians, 21 students
and one administrative coordinator were associated with the Centre.
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CEMIR staff 2020

PhDs

Postdoc

Researchers

Professor

Techn./admin.
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Name
Aass
Alonso
Andersen
Bakke
Bjarkay
Brigant
Buene
Bugge
Cemalovic
Damaas
Diez
Dragset
Egeberg
Espevik
Fitzgerald
Flo
Giambelluca
Gidon
Gierman
Granlund
Gravastrand
Haug
Husebye
Iversen
Johansson
Kandasamy
Kastnes
Kim

Kojen
Lamsal
Latz

Lian

Lien
Lindholm
Louet

Ma
Marstad
Mediaas
Meds
Moen
Moen

Kristin Roseth
Mara

Sonja

Siril Skaret
Geir
Benjamin
Glenn

Marit

Ena

Jan Kristian
Alberto
Marte Singsas
Kjartan

Terje

Kate

Trude Helen
Miriam
Alexandre
Lobke

Atle van Beelen
Caroline
Markus
Harald
Ann-Charlotte
Ida

Richard Kumaran
Martin

Hera

June Frengen
Apsana

Eicke

Tone Aksnes
Egil

Havard Takle
(laire

Qianli

Anne

Sindre Dahl
Hany Zakaria
Siv

Ingrid Nyhus

Position
Postdoctor
Researcher
Staff engineer
Postdoctor
Professor
Postdoctor
Staff engineer
Researcher
PhD
Professor
Postdoctor
Researcher
Staff engineer
Professor
Professor Il
Professor
Postdoctor
Researcher
Researcher
Researcher
PhD
Researcher
Researcher
Professor
Researcher
Associate professor
PhD

PhD

Staff engineer
PhD
Professor Il
PhD
Professor Il
PhD

Staff engineer
Postdoctor
Staff engineer
PhD
Postdoctor
Researcher
PhD
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Nationality
Norway
Spain
Norway
Norway
Norway
France
Norway
Norway
Bosnia and Herzegovina
Norway
Spain
Norway
Norway
Norway
UK
Norway
Spain
France
Netherlands
Norway
Norway
Germany
Norway
Norway
Norway
India
Norway
South-Korea
Norway
Norway
Germany
Norway
Norway
Norway
France
China
Norway
Norway
Egypt
Norway
Norway

Research group
Bone disease
Regeneration
Support group
Inflammation
Autophagy
Inflammation
Bone disease
Bone disease
Inflammation
Inflammation
Regeneration
MYCOVIR
Support group
Inflammation

MYCOVIR

Autophagy

MYCOVIR

InPreg

IBD

Inflammation
MYCOVIR
Inflammation

InPreg

Autophagy

Systems inflammation
Bone disease
Systems inflammation
Support group
Autophagy

MYCOVIR

Regeneration
Support group
Bone disease
Support group
MYCOVIR
MYCOVIR
Bone disease
Autophagy

Mollnes
Nedal
Nilsen
Nilsen
Niynzima
Nonstad
Ostrop
QOudhoff
Parmar
Pettersen
Pinto
Rakner
Rokstad
Ryan
Sandvik
Selvik
Serra
Silva
Skjesol
Spanjers
Sporsheim
Standal
Starheim
Steigedal
Steinkjer
Stenmark
Stenvik
Stokkeland

Strand

Subbannayya
Sundan
Setra
Tande
Ullmann
Underhill
Vik
Vornewald
Wolowczyk
Yurchenko
Lwiggelaar

Tom Eirik
Tonje

Nadra

Kaja Elisabeth
Nathalie

Unni

Jenny

Menno
Naveen
Kristine

Sneha Maria
Johanne Johnsen
Anne Mari

Liv

Arne
Linn-Karina
lgnacio Catalan
Gabriela Brettas
Astrid

Roos

Bjgrnar
Therese
Kristian K.
Magnus

Bjorg

Harald

Jorgen

Live

Trine Aakvik

Yashwanth
Anders
Ragnhild
Erlend
Sindre
David
Randi
Pia
Camilla
Mariia
Rosalie

Professor Il
PhD
Researcher
PhD
Researcher
Staff engineer
Researcher
Researcher
Postdoctor
Postdoctor
Postdoctor
PhD
Researcher
Staff engineer
Professor
Staff engineer
Postdoctor
Researcher
Researcher
Staff engineer
Staff engineer
Professor
Researcher
Researcher
Staff engineer
Professor Il
Researcher
PhD

Head of administration/
Staff engineer

Researcher
Professor
PhD

PhD

PhD
Professor Il
Staff engineer
PhD

PhD
Researcher
PhD
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Norway
Norway
Norway
Norway
Burundi
Norway
Germany
Netherlands
India
Norway
India
Norway
Norway
Norway
Norway
Norway
Spain
Brazil
Norway
Netherlands
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway

Norway

India
Norway
Norway
Norway
Norway
USA
Norway
Germany
Norway
Ucraine
Netherlands

Bone disease
Inflammation
Inflammation
Inflammation
Support group
Regeneration
Regeneration
Regeneration
Autophagy
Systems inflammation
InPreg
Inflammation
Support group
IBD

Support group
IBD

InPreg
Inflammation
Regeneration
Support group
Bone disease
Inflammation
MYCOVIR
Support group

Inflammation
InPreg

Systems inflammation

MYCOVIR
Inflammation
MYCOVIR

Support group
Regeneration
Autophagy
Inflammation
Regeneration
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CEMIR SCIENTIFIC PUBLICATIONS 2020

Aasarad, Kristin Matre; Waldum, Helge; Stunes, Astrid Kamilla;
Sandvik, Arne Kristian; Flatherg, Arnar; Mjgnes, Patricia; Syversen,
Unni; Bakke, Ingunn; Fossmark, Reidar.

Gastric Corpus Mucosal Hyperplasia and Neuroendocrine Cell Hyperplasia, but not
Spasmolytic Polypeptide-Expressing Metaplasia, Is Prevented by a Gastrin Receptor
Antagonist in H+/K+ATPase Beta Subunit Knockout Mice. International journal of
Molecular Sciences 2020 ;Volum 21.(3)

NTNU STO

Aass, Kristin Roseth; Kastnes, Martin; Standal, Therese.
Molecular interactions and functions of IL-32. Journal of Leukocyte Biology 2020 NTNU
ST0

Agarwal, Shiuli; Vierbuchen, Tim; Ghosh, Sreya; Chan, Jennie;
Jiang, Zhaozhao; Kandasamy, Richard Kumaran; Ricci, Emiliano;
Fitzgerald, Katherine A..

The long non-coding RNA LUCATT is a negative feedback regulator of interferon
responses in humans. Nature Communications 2020 ;Volum 11. 5.6348

NTNU

Beckwith, Kai Sandvold; Beckwith, Marianne Sandvold;

Ullmann, Sindre; Satra, Ragnhild Sofie Ragnhildstveit; Kim, Hae Lin;
Marstad, Anne; Asberg, Signe Elisabeth; Strand, Trine Aakvik;

Haug, Markus; Niederweis, Michael; Stenmark, Harald Alfred;

Flo, Trude Helen.

Plasma membrane damage causes NLRP3 activation and pyroptosis during
Mycobacterium tuberculosis infection. Nature Communications 2020

Volum 11:2270.5.1-18

NTNU UiO

Berg, Leif Kyrre; Goll, Rasmus; Fagerli, Erik; Ludviksen, Judith K; Fure, Hilde; Odd
Sverre, Moen; Sgrbye, Sveinung; Mollnes, Tom Eirik; Florholmen, Jon.

Intestinal inflammatory profile shows increase in a diversity of biomarkers
inrritable bowel syndrome. Scandinavian journal of Gastroenterology

2020 :Volum 55.(5) 5.537-542

HELSEHELG NLSH NTNU OUS Ui UIT UNN

Chaban, Viktoriia; Clarke, Gerard; Skandsen, Toril; Islam, Rakibul;
Einarsen, Cathrine Elisabeth; Vik, Anne; Damas, Jan Kristian;
Mollnes, Tom Eirik; Haberg, Asta; Pischke, Soeren.

Systemic inflammation persists the first year after mild traumatic brain injury:
Results from the Prospective Trondheim Mild Traumatic Brain Injury Study.
Journal of Neurotrauma 2020 ;Volum 37.(19) 5.2120-2130

NLSH NTNU OUS STO Ui0 UT

Choudhury, Asmita; Bullock, Daniel; Lim, Arlene;

Argemi, Josepmaria; @rning, Mathias Pontus; Lien, Egil;
Bataller, Ramon; Mandrekar, Pranoti.

Inhibition of HSP90 and Activation of HSFT Diminish Macrophage NLRP3
Inflammasome Activity in Alcohol-Associated Liver Injury. Alcoholism: Clinical
and Experimental Research 2020 ;Volum 44.(6) 5.1300-1311

NTNU
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Ehrnstrem, Birgitta; Kojen, June Frengen; Giambelluca, Miriam;
Ryan, Liv; Moen, Siv Helen; Hu, Zhenyi; Yin, Hang;

Molines, Tom Eirik; Damas, Jan Kristian; Espevik, Terje;

Stenvik, Jorgen.

TLR8 and complement C5 induce cytokine release and thrombin activation in
human whole blood challenged with Gram-positive bacteria. journal of Leukocyte
Biology 2020 ;Volum 107.(4) 5.673-683

NLSH NTNU OUS STO Ui0 UiT

Escudero-Hernandez, Celia; Miinch, Andreas; @stvik, Ann Elisabet;
Granlund, Atle van Beelen; Koch, Stefan.

The water channel aquaporin 8 is a ritical regulator of intestinal fluid homeostasis
in collagenous colitis. fournal of Crohn’s and colitis 2020;Volum 14.(7) 5.962-973
NTNU STO

George, Marc J; Kleveland, Ola; Garcia-Hernandez, Jorge;
Palmen, Jutta; Lovering, Ruth; Wiseth, Rune; Aukrust, Pal;
Engmann, Jorgen; Damas, Jan Kristian; Hingorani, Aroon D;
Gullestad, Lars; Casas, Juan P; Ueland, Thor.

Novel Insights Into the Effects of Interleukin 6 Antagonism in Non-ST-Segment-
Elevation Myocardial Infarction Employing the SOMAscan Proteomics Platform.
Journal of the American Heart Association (JAHA) 2020 ;Volum 16.(12) 5.1-21
NTNU OUS STO Ui0 UiT

Gierman, Lobke; Silva, Gabriela; Pervaiz, Zahra;

Rakner, Johanne Johnsen; Mundal, Siv Boon; Thaning, Astrid Josefin;
Nervik, Ingunn; Elschot, Mattijs; Mathew, Seema;

Thomsen, Liv Cecilie Vestrheim; Bjorge, Line; Iversen, Ann-Charlotte.
TLR3 expression by maternal and fetal cells at the maternal-fetal interface in normal
and preeclamptic pregnancies. journal of Leukocyte Biology 2020 5.1-11

HAUKELAND NTNU STO UiB

Grinde, Dina Mikhailovna; @verland, Torstein; Lima, Kari; Schjalm,
Camilla; Mollnes, Tom Eirik; Abrahamsen, Tore G.

Complement Activation in 22q11.2 Deletion Syndrome. journal of Clinical Immunology
2020 ;Volum 40.(3) 5.515-523

AHUS NLSH NTNU OUS Uio UiT

Holter, Jan Cato; Pischke, Soeren; de Boer, Eline; Lind, Andreas;
Jenum, Synne; Holten, Aleksander Rygh; Tonby, Kristian;
Barratt- Due, Andreas; Sokolova, Marina; Schjalm, Camilla;
Chaban, Viktoriia; Kolderup, Heidi Anette; Tran, Trung;
Tollefsrud Gjelberg, Torleif; Skeie, Linda Gail; Hesstvedt, Liv;
Ormaasen, Vidar; Fevang, Barre; Austad, Cathrine;

Muller, Karl Erik; Fladeby, Cathrine; Holberg- Petersen, Mona;
Halvorsen, Bente; Miiller, Fredrik; Aukrust, Pal;

Dudman, Susanne Gjeruldsen; Ueland, Thor; Andersen, Jan Terje;
Lund-Johansen, Fridtjof; Heggelund, Lars; Dyrhol-Riise, Anne Ma;
Mollnes, Tom Eirik.

Systemic complement activation is associated with respiratory failure in COVID-19
hospitalized patients. Proceedings of the National Academy of Sciences of the United
States of America 2020 Volum 117.(40) 5.25018-25025

NLSH NTNU OUS UiB Ui0 UIT W

Hovland, Anders; Retterstel, Kjetil; Mollnes, Tom Eirik;

Halvorsen, Bente Evy; Aukrust, Pal; Lappegard, Knut Tore.
Anti-inflammatory effects of non-statin low-density lipoprotein cholesterol-lowering
drugs: an unused potential?. Scandinavian Cardiovascular journal 2020 5.1-7

NLSH NTNU OUS Ui0 UiT

Hovik, Lise Husby; Gjeilo, Kari Hanne; Lydersen, Stian;

Solligard, Erik; Damas, Jan Kristian; Gustad, Lise Tuset.

Use of peripheral venous catheters in two Norwegian hospitals.. Tidsskrift for Den
norske legeforening 2020

HNT NTNU STO

Jerandli, Jonas Woll; Thorsvik, Silje; Skovdahl, Helene Kolstad;
Kornfeld, Benedikt; Seterstad, Siri; Gustafsson, Bjorn;

Sandvik, Arne Kristian; Granlund, Atle van Beelen.

The serotonin reuptake transporter is reduced in the epithelium of active Crohn’s
disease and ulcerative colitis. American journal of Physiology - Gastrointestinal and Liver
Physiology 2020 ;Volum 319.(6) 5.G761-G768

NTNU STO

Jorgensen, Marthe Jentvedt; Holter, Jan Cato; Christensen, Erik;
Schjalm, Camilla; Tonby, Kristian; Pischke, Soeren; Jenum, Synne;
Skeie, Linda Gail; Nur, Sarah; Lind, Andreas; Opsand, Hanne;
Enersen, Tone Burvald; Grendahl, Ragnhild; Hermann, Anne;
Dudman, Susanne Gjeruldsen; Miiller, Fredrik; Ueland, Thor;
Molines, Tom Eirik; Aukrust, Pal; Heggelund, Lars;

Holten, Aleksander Rygh; Dyrhol-Riise, Anne Ma.

Increased interleukin-6 and macrophage chemoattractant protein-1 are associated
with respiratory failure in COVID-19. Scientific Reports 2020;Volum 10.

NLSH NTNU OUS UiB Ui0 UiT W

Kannan, Nisha; Haug, Markus; Steigedal, Magnus; Flo, Trude Helen.
Mycobacterium smegmatis Vaccine Vector Elicits CD4+ Th17 and CD8+ Tc17 T Cells
With Therapeutic Potential to Infections With Mycobacterium avium. Frontiers in
Immunology 2020 Volum 11.

NTNU STO

Keshari, Ravi Shankar; Silasi, Robert; Popescu, Narcis loan;

Regmi, Girija; Chaaban, Hala; Lambris, John D.; Lupu, Cristina;
Mollnes, Tom Eirik; Lupu, Florea.
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Photo page 42.
Intestinal organoids were treated with IL-22, and in response the antimicrobial protein RELM-beta (green) was induced, Beta-Catenin (purple) and Dapi (blue) were used as counterstain
for cell junctions and nuclei respectively. Photo: Naveen Parmar.
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