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Leaderś corner3 

Organization4 

Economy4 

Research groups11

Public outreach26

TEXT: RIIM 
PUBLISHER: Oslo University Hospital
ALL PHOTOS (if not otherwise noted):   
Åsne Rambøl Hillestad, Univeristy of Oslo
LAYOUT og TRYKK: Møklegaard Print Shop AS
SAMPLES: 100

RIIM ANNUAL REPORT 2023

More information at the web pages: 
http://ous-research.no/riim

5 Focus area

Awards27 

Publications28 

Dissertations10



3Research Institute of Internal Medicine (RIIM)  •  ANNUAL REPORT 2023

Leaderś corner

In 2023, The Research Institute of Internal Medicine (RIIM) 
continued as a leading translational institute, both nationally 
and internationally. The number of high impact publications is 
still rising, and several prestigious grants were awarded RIIM 
scientists in 2023. In addition, RIIM scientist and Institute 
leader, Prof. Bente Halvorsen received the distinguished OUS`s 
Excellent Researcher Award 2023. Further, RIIM reached the 
final round of evaluation as a possible new K.G. Jebsen Center, 
and although not successful, this was an important milestone 
for the Institute. 
 
After years with social restrictions due to the Covid 19 
pandemic, the annual RIIM Spring Seminar was back in 2023, in 
a new successful format with a designated “Owren-Stormorken 
lecture” inviting top level speakers both from Norway and 
abroad. An important move for a better scientific and social 
milieu at RIIM.
 
As part of building the new OUH 2030, 2023 became the 
start of heavy construction work outside RIIM. Further, the 
reorganization of OUH –resulted in the disruption of Division of 
Surgery, Inflammatory Medicine and Transplantation, and RIIM 
was transferred to Division of Head, Neck and Reconstructive 
Surgery. Also, in 2023 an important decision was made by OUH`s 
Administrative Director Bjørn Atle Bjørnebeth, after a year with 
heavy committee work to make the foundation of the gathering 
of 4 research institutes in the A building.  These four institutes 
comprise Department of Pediatric Research, Institute of 
Experimental Medical Research, Institute for Surgical Research 
and RIIM, and when placed together in the A building, this will 
create a translational research center in the New OUH. This 
is an important decision for RIIM and a fantastic opportunity 
to evolve further near other strong scientific milieus situated 
close to clinical activity. This process has been one of my most 
important task in my period as head of RIIM, and a strategic 
move to stay close to clinical activity. To build an even stronger 

Professor Bente Halvorsen
Head of the Research Institute of 
Internal Medicine

institute, we are dependent on good collaboration with clinical 
departments and collaborations with complementary skills. 
Importantly, RIIM must take an even more active role in clinical 
intervention studies and in the establishing of centers (i.e., K.G. 
Jebsen Center, Centre of Excellence etc.), and most importantly, 
RIIM scientist must continue to work hard to compete for ERC 
grants and funding from EU. 
 
With these milestones for 2023 and visions for 2024, I would 
like to thank everyone at RIIM including our collaborators at 
UiO and OUH for all the patience and loyalty you have shown 
in 2023. And last, but not least – thanks for an inspiring and 
productive year. Also, thanks to Espen Melum for heading 
the institute in a strong and enthusiastic manner while I was 
having a sabbatical year in USA 2022/2023. Thanks to RIIM staff 
for assisting Espen and me in our management of RIIM. The 
management team looks into 2024 and the years to come with 
great enthusiasm for the work and challenges that may come in 
building our new RIIM - a scientific rock in the new OUH 2030.
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ORGANIZATION

Upper panel: Organizational chart.  
Left panel: Funding sources for the institute (basal versus external funding).  
Right panel: External funding sources detailed. 

ECONOMY / FUNDING
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FOCUS AREA

By Thor Ueland 
 
AI, or Artificial Intelligence, refers to the simulation of 
human intelligence in machines programmed to think, 
learn, and problem-solve like humans. While most had 
some impression of what AI is through science fiction, 
typically posing an existential threat to humanity, the 
release of ChatGPT in 2022 and recent availability of 
AI chatbots has contributed the public’s awareness of 
AI capabilities forcing us to consider these new tools. 
Indeed, ChatGPT is only a part of a broader ecosystem of 
AI technologies and applications driving the AI revolution. 
In the realm of science, AI is becoming an indispensable 
tool, offering new avenues for discovery, optimization, 
and understanding of disease mechanisms. With 
emerging omics technologies generating more data that 
you can shake a stick at, we can anticipate that proposals 
for funding will score higher with a well-founded AI 
component for analysis of these data. Similarly, the 
government’s focus on personalized medicine being an 
integral part of prevention, diagnostics, treatment, and 
follow-up further encourages use of AI technologies. 

AI technologies can be divided in several fields, but for 
current medical research purposes, machine learning is 
the main AI technology utilized, focused on developing 
algorithms that allow computers to learn from and 
make predictions or decisions based on data. Machine 
learning has been used in research for several decades, 
with its roots dating back to the mid-20th century. Earlier 
attempts at personalized medicine such as IBM’s Watson 
a decade ago, had an impressive ability to process 
and analyze vast amounts of data, but had problems 
understanding context and despite the hype, it ultimately 
failed to deliver. Hopefully, AI will have more success 
this time around due to advancements in AI algorithms, 
data availability and quality, support for integration with 
healthcare systems and the shift towards a more patient-
centered approach.

The aim of personalized medicine is to provide tailored 
medical care based on an individual’s unique genetic, 

environmental, and lifestyle factors. AI can be crucial 
in advancing this in several ways: i) Genomic analysis, 
where AI algorithms analyze large-scale genomic data 
to identify genetic variations associated with specific 
diseases, drug responses, and susceptibility to various 
conditions. This information can be used to develop 
personalized treatment plans, predict disease risk, and 
guide preventive measures. ii) Precision diagnostics: AI-
powered diagnostic tools can interpret medical images, 
such as MRI scans, X-rays, and pathology slides, with high 
accuracy and efficiency. This can lead to earlier and more 
accurate diagnoses, allowing for timely interventions 
and improved patient outcomes. iii) Drug Discovery 
and Development: AI can accelerate the drug discovery 
process by predicting how different compounds will 
interact with biological targets and identify potential 
drug candidates more efficiently. This can lead to the 
development of targeted therapies tailored to individual 
patient profiles. iv) Predictive Analytics: AI algorithms 
can analyze patient data, including medical history, lab 
results, and real-time monitoring data, to predict disease 
progression, identify high-risk patients, and recommend 
personalized interventions. This approach can help in 
preventing complications and optimizing treatment 
strategies. AI can promote efficiency in other healthcare 
sectors as well, but the above represents applications at 
the intersection of research and clinical practice. 

While AI holds great promise in advancing personalized 
medicine, it also presents challenges related to data 
privacy, ethical considerations, regulatory compliance, 
and integration into existing healthcare systems. 
Addressing these challenges will be essential to realizing 
the full potential of AI in personalized medicine and 
ensuring equitable access to personalized healthcare 
solutions for all patients.

In this report, Simen Hyll Hansen and Jonas Øgaard offer 
excellent perspectives and examples on use of AI in 
predictive medicine based on omics data (microbiome) 
and imaging (histology).

AI as a research tool for precision medicine
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Perspectives on Artificial Intelligence in microbiome research

By Simen Hyll Hansen 
 
Microbiome research was 
revolutionized in the 2000’s with 
the advent of Next-Generation 
Sequencing technologies (NGS). In 
contrast to the traditional Sanger 
sequencing, NGS outputs millions to 
trillions of different DNA sequences 
from every single sample. This makes 
NGS very well suited for unbiased 
characterization of all DNA sequences 
in a sample, as is the desired goal in 
most microbiome studies. 
Depending on the exact NGS 
method, one typically ends up with 
hundreds to thousands of features 
(e.g. bacterial taxa or genetic 
functions) in a large dataset. This 
wealth of information provides 
research opportunities, but also 
several difficulties and pitfalls. If the 
study has recruited a relatively low 
number of participants (or mice), 
there is a good chance some features 
will correlate with any outcome of 
interest, just by chance. To a certain 
extent, controlling for the well-known 
False Discovery Rate (FDR) mitigates 
this problem. However, given large 

amounts of sequencing data, simply 
controlling for the FDR might not be 
enough: 
Consider a synthetic dataset A, 
consisting of completely random 
data for 10 cases and 10 controls, 
simulating a study where there 
is in fact no relation between 
the microbiome and the disease 
of interest. In this simulated 
experiment, several features were 
identified as different between the 
study groups after correcting for the 
FDR. Using traditional generalized 
linear models (GLMs), it is easy to 
create extremely optimistic models 
with AUC values close to 1 (Table 
1). While it could be tempting to 
apply artificial intelligence (AI) in 
such a scenario, it is important to 
acknowledge that AI is no magic 
solution for insufficient study sizes 
or bad study design. In fact, while 
most researchers would identify 
an AUC value of 1 as a clear sign 
of overfitting, many would see the 
AI’s average AUC of 0.75 (Table 1) 
and conclude that their model has 
found some predictive signal in 
the microbiome data. Only when 

the study design includes enough 
samples will AI behave properly and 
reflect the actual predictive capacity 
of the data. Though the optimal size 
of the dataset depends on many 
factors, there should at the very 
least be more samples than features 
before AI models are created [1]. 
Continuing the experiment, in the 
new dataset B we have increased 
the study size to 10 000 cases and 
10 000 controls. As shown in Table 
1, GLMs still report moderate 
predictive capacity from random 
data in dataset B, even though there 
is an exceptionally large amount 
of samples. Meanwhile, the AI 
methodology outputs an average 
AUC value of 0.5, correctly reflecting 
the random relationship between 
the features and the disease group. 
This shows that given enough data, 
AI models can correctly identify noise 
without overfitting. Similarly, figure 
1 shows a parallel experiment with a 
few features that associate with the 
outcome, as well as varying amounts 
of noise. Here, we see that AI only 
finds the signals among the noise if 
the study is large enough.

With the above caveats on study 
design in mind, AI methodologies 
within microbiome research has 
shown great potential in quickly 
identifying nonlinear patterns 
between large amounts of features, 
allowing accurate and reliable 
estimation of predictive capacity 
[2]. Within my own research using 
such models in inflammatory bowel 

disease (IBD), AI has been employed 
in the form of gradient boosted 
decision trees (e.g. XGBoost) to 
create diagnostic and prognostic 
models. Combining AI with Monte 
Carlo-based bootstrapping and 
differing data modalities (i.e. 
switching between using only 
biochemical features, microbiome 
features, clinical details on patients, 

or varying combinations of these), 
we have assessed the usefulness of 
microbiome data compared to the 
biochemical and clinical data already 
used in clinical practice. In brief, 
microbiome data seems less useful 
than traditional biochemical markers 
when it comes to separating IBD from 
symptomatic controls, but was the 
best source of data for within-IBD 

Simulated experiment using random data Dataset A Dataset B

Size 10 cases, 10 controls 10 000 cases, 10 000 controls

Number of features 3000 3000

Significant features (FDR-corrected) Several None

AUC (GLMs) ~1 ~0.72

AUC (AI) ~0.75 ~0.5

Correct AUC 0.5 0.5



7Research Institute of Internal Medicine (RIIM)  •  ANNUAL REPORT 2023

diagnostics (i.e. separating ulcerative 
colitis from Crohn’s disease) and for 
predicting future severe disease. 
The latter is especially interesting, 
given that early detection of high-risk 
patients is a critical goal for achieving 
personalized targeted therapy in IBD 
[3].
However, even in a future 
scenario where an AI model does 
exceptionally well in trials, there 
are ethical concerns with regards to 
clinical implications. Specifically, the 
fact that AI models tend to work as 
black boxes compared to the more 
transparent traditional models and 
clinical scores. For instance, the ELF 
test (used for estimating fibrosis) 
contains three markers with static 
multipliers and constants, while 
a hypothetical machine learning 
model for estimating fibrosis might 
give similar outputs, but without 
any explanation of why the model 
reaches its output. This poses an 
ethical problem, where a clinician 
that follows the output of an AI for 
decision making cannot explain or 
argue why the specific treatment was 
chosen, other than “the machine said 
so”. Solutions to this problem are 
actively being researched, and one 
of the solutions I have implemented 
in my microbiome research is the 
game-theoretical approach of 
“SHapley Additive exPlanations”, 
commonly referred to as SHAP [4]. 
In Figure 2, a SHAP plot is presented 
for a single person with ulcerative 
colitis (UC, a type of IBD). This plot 
represents an interesting case, 
where the F-calprotectin levels for 
the patient is actually on the low 
side, indicating that the person does 
not have IBD. The plot goes on to 
explain why the AI model still is fairly 
sure (with 99.17% certainty) that 
the person has IBD despite the low 
F-calprotectin levels. In particular, 
the combination of very low levels 
of Bilophila, Lachnoclostridium 
and Lachnospiraceae FCS020 led 
the model to conclude with an IBD 
diagnosis, even though it also shows 

that low levels of F-calprotectin 
contributed to a lower likelihood of 
IBD (with a moderate value of -0.22 
on the x-axis, indicating the SHAP-
value). Here a big advantage of AI 
models becomes apparent; even 
though an F-calprotectin value of 98 
gave a moderately lowered likelihood 
of IBD in this particular patient, the 
same value might give a substantially 
lowered likelihood of IBD in another 
patient. This might be counter-
intuitive at first, but this is simply 
because the model takes the totality 
of all variables into account, and the 
same value of F-calprotectin might 
mean something totally different 
given other contexts. To make this 
point clearer; a height of 150 cm 
might diagnostically mean something 
very different given different 
combinations of the sex and age 
of a patient. This intuitively makes 
sense, but when there are hundreds 
of variables it becomes much harder 
for humans to incorporate all the 
information in an objective way. It 
is in these cases it makes sense to 

outsource the thinking to AI models, 
and then interpret the output from 
these models with systems such as 
SHAP to make clinical improvements 
that ultimately benefits the patient 
in the form of increased diagnostic 
accuracy and personalized treatment.
All in all, AI systems have been 
effective at creating useful models, 
incorporating large amounts of 
data with hidden interactions. 
Especially in biological systems like 
the microbiome, with large amounts 
of novel taxa and interactions being 
discovered every year, AI models 
that automatically discover and 
incorporate such novel interactions 
are exceptionally well-suited. By 
leveraging methods like SHAP, we 
can peek into the inner workings of 
each model, casting light into the 
previously black boxes. With study 
designs large enough to mirror the 
vast amounts of data from modern 
sequencing technologies, AI is 
increasingly becoming an essential 
component for further advancing 
microbiome research.

Figure 1. Summary of a synthetic experiment where 5 informative features 
were mixed with various amount of noisy features, in datasets of variable sizes. 
The plot shows that AI models (here represented by XGBoost) fails to filter 
out the signals from the noise in small datasets, but as the number of samples 
increases to 500 cases and 500 controls, the model could perfectly pick out the 
5 informative features, even when the amount of noisy variables was increased 
to 995. **** p<0.0001, ns = not significant.
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By Jonas Øgaard
 
HISTOLOGY AT RESEARCH 
INSTITUTE OF INTERNAL MEDICINE
 
For years, the progress of microscopy 
techniques relied heavily on scientific 
breakthroughs within optics, and 
discoveries of dyes that would stain 
tissues according to morphological 
identities. After that, a race for finding 
high quality, specific antibodies that 
could target and unique molecules has 
been – and is still – ongoing. 
The past few decades have seen 
a different transformation of the 
histological arts, namely in the 
shape of computerised analysis, and 
later, with the emergence of in situ 
transcriptomics histology found an 
additional purpose. Common for both 

advancements are a need for handling 
massive amounts of data, and finding 
the hidden patterns which may not be 
perfectly visible at plain sight. Thus, 
with the addition of machine learning 
and AI, the field of digital histology has 
had a colossal bloom the last years, 
largely contributed to the fact that 
vision was one of the first complex 
tasks where the technology made the 
most progress in the beginning of the 
AI spring.
Research Institute of Internal Medicine 
has a long-standing tradition of using 
histology, both as a means to explore 
disease mechanisms as well as a 
tool to confirm findings from other 
methods of analysis. 10 years ago, 
we started utilizing WSI (whole-slide 
imaging – computerised, histological 
analyses of entire tissue sections), at a 

time when histological analyses were 
mostly done by eye, and if quantitative 
analyses were performed, they were 
done so on a fractional area of the 
tissue section (usually in the order of 
thousands). We quickly developed 
in-house algorithms to aid us (at 
this point, few tools were capable of 
dealing with massive images), created 
and set up a centralised storage- and 
analysis system (z9), and in 2017 we 
started implementing machine learning 
pipelines to aid WSI-analyses. Shortly 
after, fully fledged AI pipelines were 
running. 

As the year becomes 2024, we 
currently employ AI methodologies 
for two main purposes in the context 
of histology: Segmentation and 
classification.

1. Hua, J., et al., Optimal number of features as a function of sample size for various classification rules.  
Bioinformatics, 2004. 21(8): p. 1509-1515. 

2. Hernández Medina, R., et al., Machine learning and deep learning applications in microbiome research.  
ISME Communications, 2022. 2(1). 

3. Tamboli, C.P., D.B. Doman, and A. Patel, Current and future role of biomarkers in Crohn’s disease  
risk assessment and treatment. Clin Exp Gastroenterol, 2011. 4: p. 127-40. 

4. Lundberg, S.M. and S.-I. Lee, A unified approach to interpreting model predictions.  
Advances in neural information processing systems, 2017. 30.

Figure 2. SHAP plot for individual 
patient explaining why the 
model reaches a conclusion of 
a diagnosis of ulcerative colitis 
(a type of inflammatory bowel 
disease (IBD)). The y-axis shows 
features (i.e. bacterial taxa and 
biochemical markers) contributing 
to the model’s decision in the 
order of least to most important 
(bottom to top). The x-axis shows 
the SHAP-value, indicating the 
direction of effect per feature. 
Larger SHAP-values indicate 
increased likelihood of ulcerative 
colitis. The model ended on a 
SHAP-value of 4.786 for this 
particular IBD-patient, which 
translates to 99.17% probability 
for IBD. 

In situ veritas
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Segmentation
Within image analysis, segmentation 
is the process of dividing a picture into 
multiple zones. Transferring this to 
histology, we are often interested in 
working with morphologically distinct 
areas of the tissue separately. As an 
example, in a liver section, analysing 
bile ducts separately from parenchyma 
will give more informative results 
than taking averaged analytical results 
from the entire tissue section. In an 
infarct setting, identifying infarcted 
tissue from healthy tissue will make us 
able to focus on two very distinct cell 
populations. Due to heterogeneity of 
histological sampling and processing, 
these analyses are usually optimised 
per project basis, but since we have our 
histological data centrally organised, 
we are working on streamlining such 

processes to simplify future analyses by 
extrapolating from prior experiments.
Another application of segmentation 
is separating all individual cells in a 
histological image from each other. This 
enables us to analyse the cells in terms 
of morphology (size, granularity) as 
well as staining (Haematoxylin-Eosin/
antibody staining/special stain). A 
typical slide will often contain beyond 
100,000 cells, and with the capacity 
to morphologically describe them 
automatically yields an enormous 
advantage. This also allows us to 
analyse cellular neighborhoods to 
investigate interactions.
 
Classification
Classification is a more general 
concept, which goes hand-in-hand with 
segmentation. First you would identify 
out objects (spots, vessels, cells) in your 
tissue using a segmentation model, and 
then you can you use a classification 
model to identify subcategories of such 
an object. This works particularly well 
for cells, where we often are interested 
in finding the quantity of immune cells 
based on morphology, or specific cell 
types carrying an antibody tag. Due to 
the heterogeneity of histology, this feat 
may be more complex than it seems, 
as different parts of your tissue may 
stain differently, or due to variations 

between samples or batches. Typically 
we aim for our classification models 
to achieve a specificity and sensitivity 
towards 98-99%. 
 
Spatial Transcriptomics
Lastly, with the advent of spatial 
transcriptomics, there is a need to 
connect tissue morphology with 
genetic expression levels, i.e. to 
evaluate to what extent all our genes 
are turned on and correlate it to 
positioning within a tissue sample. In 
this way, we get a map of which genes 
go on and off, depending on where 
in the tissue we are looking. To fully 
utilise this technology, we are again 
dependent on extracting information 
from larger tissue sizes and cross 
referencing them with gene expression. 
Conventionally such histological 
examinations are performed by 
pathologists, but this is both resource 
demanding and time consuming, which 
is why we are currently working on 
semi-automated methods for linking 
genes and morphology through various 
projects. Here AI-like technologies 
also aid us in delineating which cells 
(from morphology) gives rise to what 
genes at each spot of analysis (cellular 
deconvolution).
 
Infrastructure
We are continuously working 
on improving infrastructure, 
keeping our data ready for the 
coming AI revolution. Part of our 
accomplishments during 2023 was 
adapting our 25TB histology database 
(hosted by Sigma2) for compatibility 
with state of the art, AI-connected 
WSI-analysis pipelines. In the same 
period we also financed and installed 
upgrades to our microscope utilities 
that paves the way for AI-supported 
real time assistance, and we hope to 
build on the same infrastructure int the 
future to allow for tighter integration 
of AI in our workflows. Equivalently, 
continuous effort is being made to 
standardize and centralize data storage 
such that application of current and 
future tools are supported.

1 Oldereid, T. S., Jiang, X., Øgaard, J., Schrumpf, E., Bjørnholt, J. V., Rasmussen, H., & Melum, E. (2024). Microbial exposure during early life regulates 
development of bile duct inflammation. Scandinavian Journal of Gastroenterology, 59(2), 192–201. https://doi.org/10.1080/00365521.2023.2278423
2 Newman, A.M., Steen, C.B., Liu, C.L., et al. (2019). Determining cell type abundance and expression from bulk tissues with digital cytometry. Nature 
Biotechnology, 37(7), 773–782. https://doi.org/10.1038/s41587-019-0114-2
3 Chung, B. K., Øgaard, J., Reims, H. M., Karlsen, T. H., & Melum, E. (2022). Spatial transcriptomics identifies enriched gene expression and cell types in 
human liver fibrosis. Hepatology communications, 6(9), 2538–2550. https://doi.org/10.1002/hep4.2001

Fig2: Original HE-image (left), segmented image where areas of necrosis is 
detected (middle), and heatmap of immune infiltration based on the number of 
cells classified as infiltrating immune cells (right).

Fig 1: Segmentation of liver HE-stain 
into its constituent individual cells.
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MSc. Ruth Elise Dybvik Matlary

Physical activity in young people 
with haemophilia A in Norway – 
The HemFitbit study
August 30, 2023
Committee:
1. opponent: Senior Clinical 
Lecturer in Haematology, Honorary 
Consultant in Haematology Dan 
Hart, Queen Mary University of 
London, UK
2. opponent: Senior Lecturer Sports 
& Exercise Biomechanics Ryan 
Mahaffey, St. Mary´s University, UK
3. opponent: Professor II Anne Flem 
Jacobsen, University of Oslo

Main supervisor: Professor II Pål 
André Holme, University of Oslo
Summary of PhD project:

Haemophilia A is a rare bleeding 
disorder where physical activity may 
pose an increased risk of bleeding, 
which may lead to joint damage 
(arthropathy) and functional 
impairment.

With current efficacious prophylactic 
medical treatment, people with 
haemophilia’s possibilities to be 
physically active may be similar 
to that of people in the general 
population.

The aims of the thesis were to; 
describe physical activity (PA) levels 
in young people with haemophilia 
A (on prophylaxis) in Norway 
compared to controls, examine 
factors associated with PA in these 
patients, and to investigate the 
accuracy of the activity tracker 
Fitbit in measuring PA in this 
group. Methods included objective 
measurements of PA, joint status, 
and other relevant factors.

The Fitbit-measured PA levels of 
40 men with haemophilia A aged 
13-30 years were similar to that of 
a large group of peers. People with 
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DISSERTATIONS 2023

haemophilia spent some more time 
in light intensity PA and exercised 
more frequently than controls. 
Investigation of factors associated 
with PA showed that those without 
signs of arthropathy engaged in 
some more moderate and vigorous 
intensity PA than those with signs of 
arthropathy, and that teenagers who 
met PA recommendations appeared 
to have slightly better joint status 
compared to those who did not.

Comparisons of PA estimates 
between an ActiGraph 
accelerometer and a Fitbit activity 
tracker showed moderate to 
high correlations between device 
measurements, but the Fitbit 
overestimated number of steps 
and minutes of light and vigorous 
intensity PA.

These findings demonstrate that 
PA levels of Norwegian young 
people with haemophilia A are 
similar to general population 
peers, and indicate that presence 
of haemophilic arthropathy is 
associated with reduced intensity of 
PA. Furthermore, the results suggest 
overestimation of PA estimates by 
the Fitbit.
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Immune regulation in atherosclerosis and other cardio-  
metabolic diseases

GROUP MEMBERS IN 2023
 
GROUP LEADER: 
Professor Bente Halvorsen, PhD 
(Sabbatical in Libbys lab at Bringham 
and Womens Hospital,  
Harvard School of Medicine, Boston, 
MA, USA , Jan-Aug) 
b.e.halvorsen@medisin.uio.no

Tuva Børresdatter Dahl, PhD 
(Constituted Jan-Aug) 
t.b.dahl@medisin.uio.no

RESEARCHERS: 
Sverre Holm, PhD 
Sverre.holm@ous-research.no

 
 

Professor Emeritus Pål Aukrust,  
MD, PhD 
paukrust@ous-hf.no

Ida Gregersen, PhD 
ida.gregersen@medisin.uio.no

Øystein Sandanger, MD, PhD 
oystein.sandanger@rr-research.no

Kari Otterdal, PhD 
kari.otterdal@ous-research.no

Jonas Øgaard, BSc 
jonas@ogaard.no 
 
POST DOCS: 
Xiang Yi Kong, PhD 
x.y.kong@medisin.uio.no

 

Maria Belland Olsen, PhD  
m.b.olsen@ous-research.no

Håvard Foyn, PhD 
havard.foyn@medisin.uio.no

Ana Quiles Jimenez, PhD 
a.m.t.q.jimenez@studmed.uio.no

Camilla Huse, MSc 
camilla.huse@studmed.uio.no 
 
PHD STUDENTS: 
Helene Grannes, MSc 
helene.grannes@ous-research.no

Sarah Murphy, MSc 
sl.murphy@hotmail.com

Fredric André Holme 
f.a.holme@studmed.uio.no

From left: Turid M Pedersen, Siva Krishna Vagolu, Sverre Holm, Maria Belland Olsen, Ida Gregersen, Tuva B Dahl, Øystein 
Sandanger, Vigdis Bjerkeli, Azita Rashidi, Bente Halvorsen, Kari Otterdal, Ylva Schanke, Sarah Louise Mikalsen Murphy, 
Jonas Øgaard, Xiang Yi-Kong.
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ENGINEERS: 
Turid Margrethe Pedersen, BSc 
t.m.pedersen@medisin.uio.no

Ellen Lund Sagen, BSc 
ellen.lund.sagen@rr-research.no

Vigdis Bjerkeli, BSc 
vigdis.bjerkeli@medisin.uio.no

Azita Rashidi, BSc 
azita.rashidi@rikshospitalet.no

Ylva Schanke, MSc 
ylva.schanke1995@gmail.com

SENIOR CONSULTANTS: 
Karolina Ryeng Skagen, MD, PhD 
kskagen@oushf.no

Mona Skjelland, MD, PhD 
moskje@oushf.no

About the group
Cardiovascular disease and related 
metabolic disorders such as diabetes, 
obesity and fatty liver disease are 
major causes of morbidity and 
mortality worldwide. They have 
many common features, such as 
dyslipidemia and inflammation. In 
our research group, we focus on 
immune-mediated mechanisms 
in these conditions. The last 
years we have also studied these 
mechanisms in Covid-19, and the 
association between Covid-19 
and risk of cardiovascular disease. 
By exploring these processes 
through a translational approach, 
connecting basic science and 
the clinic, we wish to build a 
foundation for the development 
of new diagnostic and treatment 
targets for cardiometabolic disease. 

Our research group works in the 
cross-section between molecular 
biology and biochemistry, and 
cardiovascular, cerebrovascular, and 
endocrine medicine. Our ambitious 
goal is to delineate novel therapeutic 
targets and biomarkers to change 
clinical practice.
The group uses different research 
approaches, ranging from analyses 
of blood and tissue samples from 
patients to studies in genetically 
modified mice and cell culture 
systems, using advanced cellular 
and molecular biology. The group 
consists of people with different 
educational background and includes 
medical doctors, nutritionists, 
biochemists, bioinformatics and 
engineers. Such multidisciplinary 
competence is a great strength of 
our research group.
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Activity in 2023
In 2023, the group has reached 
several important milestones. Prof. 
Halvorsen received the prestigious 
yearly “Excellent researcher award” 
at OUS. Further, the group applied 
for the establishment of a K.G. 
Jebsen Centre for Stroke Research 
lead by Halvorsen, and reached 
the final round. In 2023, the group 
had 30 publications, where group 
members had 10 first or last 
authorship.  
 
The group runs a large span of 
interconnected translational projects 
to study the immunological and 
molecular mechanisms in obesity, 
metabolic disorders, cardiovascular 
disease and Covid-19, and our main 
projects during 2023 were:

T cells in obesity and metabolic 
disease. One of the group’s largest 
projects aims to decipher the role 
of T cells in development of obesity 
and metabolic disease. We study 
a transgenic mouse model with 
altered T cell activation, resulting in 
increased T cell responsiveness and 
subsequent obesity development; 
and is thus a unique model to 
explore this association. In 2023, the 
first paper describing this phenotype 
was finalized and submitted for 
publication. Herein we present, for 
the first time, evidence that T cells 
can cause obesity development in 
mice; demonstrated by adoptive T 
cell transfer experiments and bone 
marrow transplantation experiment 
of cells from the transgenic mice 
to several mouse models resulting 
in obesity in recipient mice. The 
transgenic mice display increased 
adipose inflammation and increased 
T cell activation, however the 
mechanisms leading to obesity 
development is still unclear and will 
be an important research focus in 
the group for the years to come.

Clinical material and add-on 
studies to clinical intervention 
trials. In addition to a wide 
spectrum of animal models to 
study cardiometabolic disease, 
we study molecular mechanisms 
in patient materials, as a bridge 
between the lab and the clinic. 
In 2023, we continued this work 
and published papers describing 
altered immune status in patients 
with cardiovascular disease.  We 
have continued to characterize the 
immune response of myocardial 
infarction patients receiving anti IL-6 
treatment (in NSTEM and STEMI 
patients) to identify molecular 
mechanisms for the beneficial effects 
of tocilizumab in this group. Further, 
we have studied stroke the different 
signatures of atrial fibrillation stroke 
induced stroke compared to carotid 
stenosis – or cryptogenic stroke. 
 
Covid-19 and Covid-19 sequalae. 
In several publications, we have in 
2023 described different features 
of altered immune regulation in 
patients with Covid-19. We have 
studied markers of 

-  LDL aggregation and pro   
 inflammatory proteins

-  ECM in association to severity  
 of disease 

-  Epitranscriptomics

-  Coagulopathy

Of particular interest, we have in 
2023, published a paper describing 
altered LDL aggregation as well as 
pro-inflammatory LDL cholesterol 
particles 3 months after severe 
COVID-19. These data point 
to a possible increased risk of 
cardiovascular disease in these 
individuals, persistent for months 
after recovery. The possible severe 
cardiovascular sequela of COVID-19 
is a great research interest in the 

group and will be a research focus in 
the years to come.  
 
Other projects – cooperation. 
Experience and expertise possessed 
by our group members lead to 
fruitful collaborations also in 2023. 
To mention a few, we planned and 
performed a pre-clinical study in 
mice in collaboration with NTNU, 
where a synthetic peptide was used 
as a potential new treatment after 
myocardial infarction. In a different 
collaboration with Nofima and 
Division of Clinical Nutrition, UiO, we 
are now finalizing a pre-clinical study 
where we found that certain dietary 
lipids can dampen the development 
of atherosclerosis in mice. Of clinical 
collaborations, we are now studying 
the role of immune cells and 
inflammation in brain abscesses.  
 
EU-project – PainFACT. We 
are actively participating in an 
EU-funded project, PainFACT, 
investigating the link between pain 
sensation and immune response. 
The sensation of pain is an 
evolutionary adaptation for organism 
to identify danger. It is a hallmark for 
injury, inflammation and pathogen 
invasion, and is mediated through 
nociceptor sensory neurons. A 
cross-talk between nociceptors and 
the immune system is well known, 
especially the capability of immune 
modulators to sensitize nociceptors, 
thus increasing an individual’s 
sensation of pain. The PainFACT 
consortium integrates pre-clinical 
and clinical data to investigate the 
correlation between pain sensitivity/
threshold and risk of cardiovascular 
events. In 2023, we have further 
processed biological material from 
a large-scale pre-clinical study and 
made them suitable for down-
stream analysis to be conducted by 
the consortium.



14 ANNUAL REPORT 2023  •  Research Institute of Internal Medicine (RIIM)

Infectious Immunology

GROUP MEMBERS IN 2023
 
MAIN MEMBERS

GROUP LEADER:
Professor Marius Trøseid, 
MD Phd
marius.troseid@medisin.uio.no
 
RESEARCHER:
Silje F Jørgensen, MD Phd
s.f.jorgensen@ous-research.no
 

POST DOC:
Sajan Raju, Phd
sajan.raju@medisin.uio.no
 
PHD STUDENTS:
Hans-Kittil Viermyr, MD
h.k.viermyr@studmed.uio.no
 
Vegard Myhre, MSc
vegard-myhre@hotmail.no
 
ENGINEER:
Nuriye Basdag Tekin, MSc

ASSOCIATED MEMBERS 

SENIOR RESEARCHERS:
Xiangning Bai, 
xiangning.bai@ki.se
 
Tuva B Dahl, Phd
t.b.dahl@medisin.uio.no
 
Hedda Hoel, MD Phd
hedda_hoel@hotmail.com
 
Anders A Tveita, MD Phd
anders.tveita@medisin.uio.no

From left: Silje Jørgensen, Sajan Raju, Tuva B Dahl, Marius Trøseid, Xiangning Bai, Mai Fraz, Nuriye Basdag Tekin,  
Hanne Guldsten, Vegard Myhre.
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PHD STUDENT:
Mai Fraz, MD
maiaa@ous-hf.no
 
NETWORK ADMINISTRATOR:
Hanne Guldsten, MSc
hanne.guldsten@medisin.uio.no

RESEARCH PROFILE 

The Infectious Immunology group 
was established at the Research 
institute for Internal Medicine end 
of 2022. The overall research focus 
is to characterize and understand 
the interplay between infections and 
host immunology, aiming for more 
targeted and personalized treatment 
strategies. We perform clinical trans-
lational research within Infectious 
diseases including COVID-19, other 
respiratory infections and HIV, and 
primary immunodeficiency including 
common variable immunodeficiency 
(CVID). This includes randomized 
controlled trials (RCTs) and obser-
vational studies with biobanking, 
with a particular focus on innate and 
adaptive immunity, inflammation 
as well as the gut microbiota. Our 
main patient materials are blood, 
airway and fecal samples, which we 
use for microbiome analyses, viral 
analyses, metabolomics, proteomics 
and other omics analyses, as well as 
inflammatory profiles and host im-
munology. Within our HIV and CVID 
projects, we also perform epigenetic 
and epitranscriptomic analyses of 
biopsies from the gastrointestinal 
tract. Since most of the group`s 
members have been recruited the 
last year, we are now in a consolidat-
ing phase before planning further 
expansion. However, a thematic 
expansion will be increased focus 
on the airway microbiota, which 
links previous experience from gut 
microbiota research with a clinical 
focus on airway infections as well 
as respiratory comorbidities within 

primary immunodeficiencies and 
people with HIV. Internationalization 
is also part of our strategy as several 
ongoing and planned projects are 
EU funded with possibility for young 
and senior researchers to visit our 
collaborators for shorter or longer 
periods of a project period. Regard-
ing mobility, one post doc has been 
part time hired in an EU project 
lead from Madrid, and one senior 
researcher was recruited from 
Karolinska Institute in 2023, and is 
currently performing collaborative 
projects between these institutions. 
Funding is exclusively based on com-
petitive funding from NRC, HSØ and 
EU, and the group has been success-
ful in securing several major grants 
the last years.

Examples of activity in 2023: 
 
• COMicS (Copenhagen-Oslo  
 Comorbidity and Microbiota  
 Study in HIV infection).  
 Planned as the largest  
 prospective microbiome study  
 in HIV-infected individuals.  
 Several papers on 16s DNA  
 microbiota data have been  
 published. Full metagenomic  
 sequencing data were finalized  
 in 2023, which will spark new  
 insight and papers from this  
 unique cohort. 
 
• Targeting the NLRP3  
 inflammasome in HIV infection.  
 The aim is to explore whether  
 inflammasome activation is  
 enhanced during HIV infection,  
 and if so, if inflammasome  
 activation could explain  
 increased cardiovascular risk  
 in HIV-infected individuals.  
 Several papers have been  
 published from this ongoing  
 project based on circulating  
 inflammasome markers, whereas  

 in vitro data have been analyzed  
 during 2023. 
 
• In collaboration with Johannes  
 Hov group we have established  
 the regional research network  
 ReMicS (Regional research  
 network for clinical Microbiota  
 Science), encompassing >  
 25 research groups. In 2023, we  
 hosted the 10th consecutive  
 national microbiota meeting  
 with around 100 participants,  
 and initiated plans for the first  
 Nordic Microbiota meeting  
 (NoMic) starting in 2024. 
 
• We have received funding  
 through the Era-Net for  
 managing a WP on multi-level  
 integrated bioinformatics in the  
 SCRATCH consortium  
 (Microbiota-based SCReening  
 of Anal Cancer in HIV-infected  
 individuals), aiming to improve  
 diagnostic screening of HIV- 
 associated anal cancer, taking  
 o clinical practice. This project  
 resulted in a groundbreaking  
 paper published in Nature  
 Medicine 2023, showing that  
 microbiota produced proteins  
 has the potential to markedly  
 improve screening of anal cancer  
 compared to cytology. 
 
• We have also received NRC  
 funding for the project  
 “Targeting the gut heart axis”.  
 A common theme in this project  
 and SCRATCH is to develop  
 integrated multi-level  
 bioinformatics on metagenomics,  
 metabolomics and proteomics  
 analyses. This project resulted  
 in novel data in 2023, showing  
 that microbiota produced  
 Imidazole propionate links the  
 heart failure-related microbiome  
 with disease severity. 
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• We have also finalized the first  
 studies over the EU-funded  
 adaptive platform trial for  
 COVID and emerging pandemics,  
 EU SolidAct, set up to run phase  
 II and phase III trials in around  
 15 European countries, with  
 OUH as sponsor. The first phase  
 III trial evaluating baricintib for  
 severe Covid-19 was published  
 in Critical care in 2023,  
 whereas the first phase II trial on  
 bemcentinib was stopped in  
 2023 due to end of the COVID  
 pandemic. Biobanked material  
 from this platform study is  
 currently being analyzed as part  
 of the HSØ-funded T3C (Tailored  
 therapeutics targeting Covid-19  
 in hospitalized patients) project.  

• We have also received an “Open  
 research grant” in 2023 from  
 HSØ on a project entitled “A new  
 approach to disease prevention  
 and therapy in  
 Immunodeficiency”. In this  
 project, we will use a unique  
 human biobank material  
 with intestinal biopsies, blood  
 cells, intestinal flora, diet data  
 together with high-tech methods  
 to study changes in DNA and  
 RNA in intestinal biopsies and in  
 inflammatory cells in the blood.  
 The manuscript on epigenetic  
 analyses is already submitted.  
 
• In the HSØ -funded post-doc  
 project (HDL beyond  
 atherosclerosis - altered  

 lipid metabolism as a driver  
 of inflammation in Common  
 variable immunodeficiency),  
 we have used Common variable  
 immunodeficiency, as a model  
 to study the role cholesterol  
 and fat metabolism have on  
 chronic inflammation without an  
 increased risk of heart disease.  
 This year we have published  
 an article on triglyceride and  
 VLDL-cholesterol (very low- 
 density lipoprotein) in CVID  
 and how increased triglyceride  
 levels in CVID coincided with  
 high inflammatory markers in  
 the blood, and increased  
 microbial imbalance in stool  
 samples, but not heart disease. 
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GROUP MEMBERS IN 2023
 
GROUP LEADER: 
Thor Ueland, Phd  
thor.ueland@medisin.uio.no 
 
RESEARCHERS: 
Tove Lekva, Phd 
tove.lekva@ous-research.no 
 
Annika Elisabet Michelsen, Phd 
annika.michelsen@medisin.uio.no 
 

Inflammatory Biomarkers in Cardiovascular and  
Metabolic disease

From left: Kristin Godang, Merisa Abusdal, Thor Ueland, Annika E Michelsen, Maren Wessel, Kari Otterdal, Tove Lekva, 
Monica Frøystad.

PHD STUDENT: 
Monica Frøystad, MSc 
monica.frøystad@ous-research.no 
 
ASSOCIATED MEMBERS: 
Kari Otterdal, MSc, Phd 
kari.otterdal@ous-research.no 
 
Nicoleta C. Olarescu, MD, Phd, 
Researcher 
n.c.olarescu@medisin.uio.no   
 
Kristin Godang, bioengineer 
kgodang@ous-hf.no  

Maria Walewska, MSc, bioengineer 
maewal@ous-hf.no 
 
Maren Wessel, MSc, Engineer 
maren.wessel@medisin.uio.no  
 
Camilla Maria Falch, MD, Phd 
student 
c.m.falch@studmed.uio.no  
 
Merisa Abusdal MD, Phd student 
merabu@ous-hf.no 



18 ANNUAL REPORT 2023  •  Research Institute of Internal Medicine (RIIM)

RESEARCH PROFILE 
 
Many disease states are associated 
with low-grade chronic inflamma-
tion that may result in changes in 
inflammatory proteins in biological 
fluid such as serum and plasma. 
Measurement of these biomarkers 
will therefore be useful for detecting 
diseases before the diagnosis and/
or offer information on the mech-
anisms of disease and treatment 
targets, or be helpful in evaluating 
treatment responses and predicting 
outcomes. 

A cornerstone in our research is 
the close collaboration with the 
Department of Cardiology, and 
evaluation of biomarkers in heart 
failure, acute coronary syndromes 
and aortic stenosis. Biomarkers 
reflect a wide range of inflammatory 
processes in the patients and can 
further predict adverse outcome 
and treatment responses.
We are evaluating the impact of 
systemic inflammation in pregnancy 
on future cardiovascular and 
metabolic risk. The project “Early 
detection of preeclampsia and 
future cardiovascular disease using 
non-coding RNA” was started in 
2023 by Tove Lekva with open 
support grants from HSØ in 
collaboration with the Department 
of Obstetrics, Norwegian Institute 
of Public Health, Section of 
Endocrinology and the Department 
of Cardiology. Our hypothesis is that 
non-coding RNA is crucial for both 
development of preeclampsia and 
later development of cardiovascular 
disease. Hopefully our research 
will lead to an early prediction and 
better monitoring of this condition, 
in addition to possible new 
treatment opportunities, and more 

understanding of the mechanisms of 
non-coding RNA in the development 
of preeclampsia and cardiovascular 
disease.
The endocrine unit is a part of the 
research group. The main research 
focuses on the molecular character-
ization of the pituitary adenomas 
and finding novel biomarkers to 
predict the aggressiveness and re-
currence, or the response to medical 
treatment. In addition, we carry 
several projects on the role of the 
adipose tissue and bone on the glu-
cose metabolism and cardiovascular 
risk in different endocrine diseases.

Severe mental disorders like 
schizophrenia and bipolar disorders 
are major contributors of morbidity 
globally and is associated with both 
cardiovascular and cancer disease. 
Together with the Norwegian 
Centre for Mental Disorders 
Research (NORMENT) we have 
for more than 10 years analyzed 
levels of inflammatory molecules 
in circulation and demonstrated 
dysregulation of immune cells and 
endothelial cells. More recently the 
use of induced pluripotent stem cell 
(iPSC) models have enabled more 
mechanistic studies of how brain 
cells function in mental disorders.

We have an ongoing strong 
collaboration with TREC, a 
translational research center at the 
University of Tromsø, focusing on 
patient-oriented and population-
based research to reveal new risk 
factors and mechanisms for the 
formation of venous thrombosis.

In addition, we have strong 
collaborations with other clinical 
research, national and international 
projects.

EXAMPLES OF ACTIVITY IN 2023 
 
• Also, in 2023 we worked on  
 samples collected during the   
 COVID-19 pandemic, resulting in  
 several published papers  
 focusing on biomarkers  
 associated with poor prognosis  
 in hospitalized patients. This  
 work is in collaboration with  
 other research groups at RIIM  
 as well as national and  
 international collaborating  
 hospitals and research units. 
 
• The project “Regulation of non- 
 coding RNAs in preeclampsia  
 and impact on future  
 cardiovascular risk” with  
 grants from the Norwegian  
 Health Association was  
 finalized in 2023. Two papers  
 were published showing  
 decreased anti-ferroptotic  
 activity in maternal leukocytes  
 in women developing  
 preeclampsia that correlated  
 with anti-inflammatory  
 expression. In the extracellular  
 vesicle project, we found  
 platelet-derived and  
 mitochondrial RNA were highly  
 expressed in plasma extracellular  
 vesicles and were decreased  
 in extracellular vesicles isolated  
 from women with preeclampsia.  
 We found the non-coding RNA  
 TUG1 and MT-TA in leukocytes as  
 promising early prediction  
 markers of preeclampsia. 
 
• Kjersti Oppen defended her PhD  
 thesis “Iron-Related Biomarkers  
 as Predictors of Etiology and  
 Prognosis in Pneumonia” where  
 Annika Michelsen contributed as  
 supervisor?
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GROUP MEMBERS IN 2023
 
GROUP LEADER: 
Professor Johannes R. Hov, 
MD, PhD 
j.e.r.hov@medisin.uio.no  
 
POST DOCS: 
Georg Schneditz, MSc, PhD 
georg.schneditz@medisin.uio.no 

Peder Braadland, MSc, PhD 
pbraadland@gmail.com

Petra Hradicka, MSc. , PhD 
petra.hradicka@medisin.uio.no 

Beate Vestad, MSc. PhD 
beate.vestad@studmed.uio.no 

 

Antonio Molinaro, MD, PhD 
Antonio.Molinaro@wlab.gu.se  
 
PHD STUDENTS: 
Amandeep Kaur Dhillon, MD 
a.k.dhillon@medisin.uio.no  

Lise Katrine Engesæther, MD 
lisek78@hotmail.com 

Mikal J. Hole, MD 
m.j.hole@studmed.uio.no

Simen Hyll Hansen, MSc 
s.h.hansen@medisin.uio.no 

Maria Maseng, MSc 
maria@bio-me.com 

Jørgen D Rønneberg, MSc 
j.d.ronneberg@studmed.uio.no 

Sara Tjønnfjord 
s.k.v.tjonnfjord@studmed.uio.no  
 
NETWORK/LAB ADMINISTRATOR:  
Hanne Guldsten, MSc 
hanne.guldsten@medisin.uio.no  
 
BIOINFORMATICIANS: 
Kristian Holm, MSc 
kristian.holm@medisin.uio.no  
 
STUDY NURSE: 
Hanne Lyche Alme, BSc 
hanlyc@ous-hf.no  
 
ASSOCIATED RESEARCHERS: 
Brian Chung, Phd. 
b.k.chung@medisin.uio.no  

Genomics and metagenomics in inflammatory diseases

From left: Georg Schneditz, Jørgen D Rønneberg, Lise Kathrine Engesæther, Petra Hradicka, Simen Hyll Hansen,  
Johannes R. Hov, Hanne Guldsten, Hanne Lyche Alme, Kristian Holm.
In front: Maria Maseng, Sara Kristina Viberg Tjønnfjord, Mikal J Hole, Peder Braadland, Beate Vestad, Antonio Molinaro. 
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Martin Kummen, MD, PhD 
martin.kummen@medisin.uio.no  

Trine Folseraas, MD, PhD 
trine.folseraas@medisin.uio.no

Sajan Raju, MSc, PhD 
sajan.raju@medisin.uio.no 
 
RESEARCH PROFILE

The genomics and metagenomics 
group aim to characterize and 
understand how the human genome 
and the gut microbiome influence 
inflammatory disease, and how 
this knowledge can be applied 
clinically. Our general approach is to 
used nontargeted high-throughput 
omics like sequencing and 
metabolomics, followed by targeted 
our hypothesis-driven methods, 
supported by bioinformatics and 
biostatistics including machine-
learning. Increasingly, experimental 
approaches in vitro and in vivo 
(mouse models) are important to 
define cause-or-effect and disease 
mechanisms. 

Our main interest is primary 
sclerosing cholangitis, a disease of 
the bile ducts of the liver, but we are 
also involved in research in multiple 
other conditions relevant for the 
institute, including heart failure 
and immunodeficiencies. Our main 
human materials are blood and fecal 
samples, but we are also establishing 
methodology for microbiota profiling 
in low-biomass material (blood, 
tissue, bile), while our experimental 
agenda involves germ-free and 
conventional mice with induced 
inflammatory biliary or intestinal 
disease, in collaboration with the 
Melum group.  
 
Our current main working hypothesis 
is that biochemical footprints of 
microbial activity is driving disease. 
We aim to define altered functional 

microbial changes using metagenome 
sequencing (i.e. the study of all 
microbial genes) and metabolomics. 
Our first interesting finding was 
of altered microbial metabolism 
of essential nutrients is altered in 
PSC, with deficiency of vitamin B6 
as a potential disease-modifying 
factor caused by microbiome 
changes. A clinical trial focusing on 
translational aspects of vitamin B6 
supplementation was approved in 
2023 and will recruit the first patients 
1st half of 2024 (Pyridoxine in primary 
sclerosing cholangitis, PiPSC). This 
represents an example on how we 
work to identify and potential treat 
altered microbial functions, defining 
their clinical impact as biomarkers 
or in therapy. We are applying this 
methodology also on recurrence 
of PSC after liver transplantation, 
which is a significant clinical 
problem. This is the underlying idea 
of the ERC Starting Grant project 
StopAutoimmunity, which directs 
many of the priorities in the group. 
With growing data size and 
complexity, we increasingly depend 
on bioinformatics and statistics. 
In our IBD focused projects, now 
comprising thousands of samples, in 
collaboration with the Inflammatory 
Bowel Disease in South-Eastern 
Norway 3 study, we now apply more 
advanced bioinformatics and e.g. 
artificial intelligence to improve the 
yield from big data from microbiome 
or metabolome analyses. 

The groups also work more disease 
independent with Clinical microbiota 
medicine, as part of a Strategic 
research area at Oslo University 
Hospital awarded to the group in 
2019. Interventions targeting the 
gut microbiome to treat disease 
may provide evidence of causal 
relationships between the gut 
microbiome and disease. In 2023, 
one important focus was to increase 

the activity and capacity of the 
donor bank for fecal microbiota 
transplants. Finally, the annual 
National Microbiota conference was 
a success – the tenth event since 
2014. We are excited that from 2024 
onward we aim for this to become a 
Nordic event. 

FUNDING
 
The people in the group were in 
2023 funded by one ERC Starting 
Grant, five grants from Regional 
Health Authorities of South Eastern 
Norway, one PhD student following 
an industrial PhD scheme (funded 
by Research Council of Norway), one 
Strategic research area grant in Oslo 
University Hospital, one postdoc 
is funded by a grant from UEG, in 
addition to Canica, funding one 
bioinformatician, and Nordforsk. In a 
collaboration with the Experimental 
group and partners from the Baltic 
area (driven from Lithuania) we also 
have funding from the EEA Baltic 
research funds, which is funding one 
post doc.
 
KEY NATIONAL AND INTERNATIONAL 
COLLABORATORS
 
Locally, the group has extensive 
collaborations ongoing within NoPSC 
and the Research Institute of Internal 
Medicine, multiple clinical research 
groups (including in particular the 
IBD group at the Ullevål campus) as 
well as pathology and radiology. 
Regionally and nationally, the group 
has been working in the ReMicS 
network (Regional research network 
for clinical Microbiota Science), with 
Hanne Guldsten as administrator. 
Internationally, we continue strong 
collaborations both within and 
outside the International PSC Study 
Group, with the currently strongest 
links to Swedish groups in Stockholm, 
Gothenburg and Uppsala.
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GROUP MEMBERS IN 2023

GROUP LEADER:
Professor Espen Melum, MD, PhD
espen.melum@medisin.uio.no

SENIOR SCIENTISTS: 
Xiaojun Jiang, MSc, PhD
xiaojun.jiang@medisin.uio.no

Brian Chung, PhD
b.k.chung@medisin.uio.no 

Kathrine Sivertsen Nordhus,  
MSc, PhD
k.s.nordhus@medisin.uio.no

Anna Frank, MSc, PhD
anna.frank@medisin.uio.no

POST DOCS:
Elisabeth Schrumpf, MD, PhD
el.schrumpf@gmail.com

Henry W. Hoyle, MSc, PhD
h.w.hoyle@medisin.uio.no

PHD STUDENTS: 
Laura Valestrand, MD
lauravalestrand@gmail.com

Tine Simensen Oldereid, MD
tine.oldereid@gmail.com

Markus Jördens, MD
m.s.jordens@studmed.uio.no

Lisa Brynjulfsen, MSc 
l.r.v.brynjulfsen@medisin.uio.no

CORE STAFF:
Oda Helgesen Ramberg, MSc,  
Lab. Manager 
odaram@ous-hf.no

Enya Amundsen-Isaken,  
MSc, Technician
enya.amundsen-isaksen@ 
medisin.uio.no

Yuliia Boichuk, MSc, Technician
boichukyv@gmail.com

Jonas Øgaard, BSc, Researcher
jonas.ogaard@medisin.uio.no

The Experimental liver research group

From left: Oda Helgesen Ramberg, Henry W Hoyle, Lisa Brynjufsen, Brian Chung, Espen Melum, Kathrine Sivertsen 
Nordhus, Anna Frank, Xiaojun Jiang, Markus Jördens, Jonas Øgaard.
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RESEARCH PROFILE
 
The experimental liver research 
group is focusing on experimental 
and translational studies related 
to primary sclerosing cholangitis 
(PSC). Our laboratory activities take 
place at the Research institute of 
Internal Medicine. In 2023 the group 
consisted of the group leader, four 
senior researchers, two postdocs, 
four PhD students, the lab manager, 
one researcher and two technicians. 
The overarching topic in the group 
is to understand mechanisms 
regulating cholangitis with a clear 
focus on immunology and the 
interaction of the immune system 
with the microbiome and the role 
of cholangiocytes in propagation of 
inflammatory processes. 

Our strong collaboration with 
the Hybrid-technology-hub on 
establishing a bile-bile-duct-on-
a-chip continued and in 2023 the 
project moved from the prototype 
stage into a system that is useable in 
a range of experimental conditions. 
Seeding organoids in the chip now 
leads to a tight barrier allowing flow 
of relevant compounds through the 
duct. We have also tested how this 
barrier respond to pharmacological 
substances. The bile-duct-on-a-chip 
system was also in 2023 accepted 
into the University of Oslo’s SPARK 
program for commercialization. 
This project will be led by Dr. Henry 
W. Hoyle and Dr. Anne Frank from 
the group. Being admitted to the 
SPARK program allows us to follow 
up on the commercial potential of 
the system and to get a dedicated 
mentor from the industry. In 
2023 we used our experience 
with organoids coming out of the 
collaboration with HTH in a large 
project with Novartis in Basel where 
we use their automated systems 
to examine the impact of various 
pharmacological substances on an 

induced inflammatory phenotype in 
the organoids.   

In a follow-up study of our previous 
work on CD100 we got a paper 
describing a direct interaction 
of T-cells with cholangiocytes 
that leads to a clear Th17 profile 
driving inflammation accepted for 
publication in Gastroenterology. We 
also established a joint collaboration 
with the Seoul National University, 
SINTEF and OsloMet that was 
funded through the National 
Research Foundation of Korea. This 
project is headed from our side 
by senior scientist Xiaojun Jiang. 
A new concept on integration of 
big data with genetics for patient 
stratification was funded by a HSØ 
grant towards the end of the year.

The group also has large projects 
related to single-cell sequencing and 
spatial transcriptomics using both 
human and murine material. The 
laboratory work and sequencing 
in several of these projects were 
finished in 2023 and bioinformatics 
analyses are currently ongoing. 
In our project examining liver 
infiltrating mononuclear cells we 
finished the sequencing and initial 
bioinformatics analysis of samples 
from a range of different liver 
diseases. Preliminary data from this 

project was presented at Norwegian 
Society of Immunology meeting. To 
comply with the current regulations 
when expanding our sequencing-
based studies in humans we have 
developed secure bioinformatics 
pipelines for single cell and spatial 
transcriptomics data through TSD 
(Tjenester for sensitive data) at 
the University of Oslo. All ongoing 
projects have been adapted to this 
infrastructure.  

Our projects using germ-free 
animals to assess the importance of 
timing of microbiome introduction 
on development of bile duct 
inflammation using the NOD.c3c4 
model and immune maturation in 
wild-type mice were accepted for 
publication in 2023. The project 
using the bile-duct injection 
model for assessing MAIT-driven 
inflammation in the bile duct was in 
2023 supplemented by a range of 
immunohistochemical assessments 
and additional analyses. For 
investigating the specific role of 
CD1d on the bile duct epithelium 
we have established a conditional 
knock-out mouse model and have 
used this model together with our 
bile-duct injection technique using 
oxazolone to further dissect the role 
of NKT-cells in the bile ducts.
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Haemostasis, Thrombosis, and Vascular Biology Research

GROUP MEMBERS IN 2023

GROUP LEADER:  
Benedicte Stavik, MSc, PhD
benedicte.stavik@ous-research.no 
 
PRINCIPAL INVESTIGATORS: 
Per Morten Sandset, Professor,  
MD, PhD
p.m.sandset@medisin.uio.no 
 
Pål André Holme, Professor,  
MD, PhD
pholme@ous-hf.no 
 
SENIOR RESEARCHER: 
Xue-Yan Cui, MD, PhD
x.y.cui@medisin.uio.no 
 
RESEARCHERS: 
Maria Eugenia Chollet, MD, PhD
m.e.c.dugarte@ous-research.no

Knut Husø Lauritzen, MSc, PhD
k.h.lauritzen@ous-research.no 
 
POST DOCS: 
Anindita Bhattacharya, MSc, PhD
anindita.bhattacharya@ 
medisin.uio.no 
 
Nina Haagenrud Schultz, MD, PhD
nisc@ahus.no 
 
Christian Qvigstad, MD, PhD
chrqvi@ous-hf.no  
 
PHD STUDENTS: 
Giacomo Roman
giacomo.roman@medisin.uio.no 
 
Ruth Elise Dybvik Matlary, MSc
r.e.d.matlary@studmed.uio.no 
 

ENGINEERS: 
Marianne Seierstad Andresen,  
MSc, PhD
Marianne.Andresen@ 
ous-research.no 
 
Marie-Christine Mowinckel, MSc
UXMAOW@ous-hf.no 
 
STUDY COORDINATORS: 
Jørn Dehli Kristiansen 
jokristi@ous-hf.no 
 
Vilma Naujokaite
vilnau@ous-hf.no 
 
ADMINISTRATIVE COORDINATOR: 
Britt Jakobsen
brjakobs@ous-hf.no

In front, from left: Malu Katalina Marie Lian Hestdalen, Knut Husø Lauritzen, Anindita Bhattacharya, Marie-Christine 
Raymonde Mowinckel. Second row, from left: Trym Døviken, Jørn Dehli Kristiansen, Xue Yan Cui, Benedicte Stavik,  
Maria Eugenia Chollet Dugarte, Giacomo Roman. Third row, from left: Christian Qvigstad, Britt Jakobsen.  
Back row, from left: Marianne Seierstad Andresen, Pål André Holme, Ragnhild Johanne Måseide.
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ASSOCIATED RESEARCHERS:

Geir E. Tjønnfjord, Professor,  
MD, PhD
gtjonnfj@ous-hf.no 
 
Heidi Glosli, MD, PhD
hglosli@ous-hf.no 
 
Nina Iversen, MSc, PhD
UXNAIV@ous-hf.no 
 
The group conduct basic, 
translational, and clinical research 
within the field of haematology. Last 
year, several new clinical projects 
were started up, important project 
milestones were reached, a PhD 
was successfully defended, and we 
hosted the 56th Nordic Coagulation 
Meeting with >100 participants from 
the Nordic and Baltic countries. The 
research group has two areas of 
interest within haematolgy, one lead 
by Stavik and Sandset, and one lead 
by Holme.     
 
 
RESEARCH PROFILE  
Sandset/Stavik: 

“Coagulation Factors: Role in the 
Development of Thrombosis, 
Inflammation and Cancer”

Our group studies the 
pathophysiological role of blood 
coagulation proteins in thrombosis 
and haemorrhage, but also in 
other pathologic conditions such 
as inflammation and cancer. Our 
main goal is to identify how and 
why components of the blood 
coagulation process contribute to 
disease development, and to utilize 
this knowledge to improve patient 
care. 

Activity in 2023:

Inherited coagulation disorders – 
ex vivo liver cell models and cell 
therapy

Inherited deficiency in coagulation 

proteins can cause mild to severe 
bleeding or thrombosis in affected 
individuals. The deficiency is caused 
by a mutation in the corresponding 
gene that results in reduced or 
diminished activity of the protein 
in plasma. Most coagulation 
proteins are produced in the 
liver and secreted to plasma and, 
with help from our collaborator 
Gareth Sullivan, we utilize stem 
cell differentiation techniques to 
generate stem cell derived liver 
organoids in the lab to model 
coagulation protein production and 
secretion. In 2023, we successfully 
corrected several mutations in the 
genes encoding Factor (F) VII and 
Antithombin in patient-derived 
induced pluripotent stem cells using 
CRISPR-CAS9 gene editing. The work 
required extensive optimization 
of protocols for gene editing and 
single cell seeding and culturing, 
but we have now created a robust 
and efficient pipeline for the gene 
correction. With valuable help 
from colleagues at the institute 
and collaborators at Kings College 
Hospital in the UK, we have also 
moved into the pre-clinical stage 
of these projects and started to 
optimize liver organoid transplant 
procedures in mice.   
 
Bone marrow microenvironment in 
Multiple Myeloma
Multiple myeloma (MM) is a B 
cell malignancy where abnormal 
plasma cells accumulate in the 
bone marrow. These patients are 
prone to cancer-related thrombosis 
already at the precursor stages of 
the disease and we are deciphering 
the tumor microenvironment 
for possible explanations using 
single cell sequencing. In the last 
year, sequencing data have been 
subjected to extensive quality 
control, clustering and analyses 
and we are awaiting sequencing of 
additional samples. 

Drug repurposing
Drug repurposing has become a 
valuable tool to find new treatments 
to various diseases with low cost 
and little time. Previous findings 
in our lab indicated that an 
approved drug was able to increase 
the activity of mutated FVII. We 
therefore performed a larger screen 
using >1000 FDA approved drugs to 
identify potential compounds. The 
screen identified two hits, which 
have been confirmed in in vitro 
studies in 2023 and a publication 
on this finding is currently under 
preparation.   

Coagulation proteins in 
atherosclerotic disease
Atherosclerosis is an inflammatory 
disease that culminates in 
thrombotic complications. Using a 
biobank of human carotid plaques, 
we are looking into the presence of 
coagulation factors inside the plaque 
and investigate their potential role 
in regulating inflammation and 
plaque development. The aim is to 
identify regulatory targets that can 
reduce the inflammatory burden 
and, potentially, be beneficial in 
attenuating atherothrombosis. 

Biobanking
Our general biobank for thrombosis 
and hemostasis research is growing 
and we have now collected samples 
from >100 patients with bleeding or 
thrombosis for future research. We 
are now setting up the registry that 
will accompany the biobank.  
 
RESEARCH PROFILE  
Holme: 
 
“Haemostasis and Bleeding 
Disorders”
Our scientific interests are focused 
on clinical and basic aspects of 
normal and disturbed haemostasis 
in particular bleeding disorders like 
hereditary and acquired coagulation 
disorders. 
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Oslo University hospital, 
Rikshospitalet is the only 
Haemophilia Comprehensive Care 
Centre in Norway and is one of the 
biggest haemophilia centres in the 
Nordic region taking care of more 
than 1200 persons with bleeding 
disorders. Several research projects 
are ongoing besides clinical activity. 

Investigator initiated activity in 
2023:
Age related comobidities in 
haemophilia
Our group is the coordinating 
centre for an epidemiologic 
European multicentre study on 
behalf of the ADVANCE (Agerelated-
DeVelopments-ANd-Comorbidities-
in-hemophilia Working Group)
The group is interested in 
determining, among consecutively 
screened people with haemophilia 
(800 pts.), aged ≥40 years with 
a follow up period of 10 years 
whether rates of hypertension/renal 
disease/ and other cardiovascular 
and malignant comorbidities vary 
with specific influencing factors in 
haemophilia. Four papers from the 
cross-sectional study have already 
been published and now further 
followed up in the longitudinal 
prospective study. 
 
HemFitBit study- Defining Normal 
Activity in Hemophilia
The overarching aim of the 
HemFitbit study was to investigate 
aspects related to the habitual 
physical activity (PA) of young 
persons with hemophilia A on 
prophylaxis in Norway. This project 
has collected information on physical 
activity levels in 40 patients with 
haemophilia A aged 12-30 years over 
a 3-month period using the wearable 
technology ‘Fitbit’.  A subgroup 
of participants has also wear the 
accelerometer ‘ActiGraph’ in order to 
validate the two devices against each 
other. Through this work we have 
been able study and (1) to compare 
PA measurements of the consumer-

grade activity tracker Fitbit Charge 3 
to the research-grade accelerometer 
ActiGraph GT3X-BT in young PWH 
A, (2) to compare objectively 
measured levels and types of 
habitual PA among young PWH A on 
prophylaxis to general population 
peers over a period of 12 weeks, 
and to investigate the proportion 
of study participants meeting the 
WHO recommendations for weekly 
MVPA and (3) to investigate factors 
associated with PA in young people 
with haemophilia A on prophylaxis. 
Three papers have been published 
from this PhD project and Ruth Elise 
Dybvik Matlary, MSc successfully 
defended her thesis entitled: 
Physical activity in young people 
with haemophilia A in Norway - 
The HemFitbit study on the 30th of 
August 2023. 
 
VITT- Vaccine-induced immune 
thrombotic thrombocytopenia
From March 2021 the group 

has worked extensively on the 
SARS-CoV-2 vaccination-related 
thrombotic complications and 
thrombocytopenia giving devastating 
adverse events. This has been done 
in close collaboration with other 
groups here at RIIM and Department 
of immunology, OUS and the 
Norwegian National Unit for Platelet 
Immunology, Division of Diagnostics, 
University Hospital of North Norway. 
This work lead to the first main 
publications: Thrombosis and 
Thrombocytopenia after ChAdOx1 
nCoV-19 Vaccination. N Engl J Med. 
2021;384: 2124-30 and Immune 
Complexes, Innate immunity, and 
NETosis in ChadOx1 vaccine-induced 
thrombocytopenia. Eur Heart J. 
2021; 42:4064-72. Further work on 
this and thrombosis associated with 
SARS-CoV-2 vaccination is ongoing to 
study causal relationships including 
mRNA SARS-CoV-2 vaccines.  In 2023, 
the group published 2 papers on this 
subject.
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PUBLIC OUTREACH

 

 

 

 

 

During 2023, Maria Belland Olsen, Ida Gregersen and Xiang Yi Kong have successfully continued producing 
the podcast “Labprat”. The podcast was started with a desire to reach out with research and knowledge 
dissemination to the general public, and that it can be used as an advertising or recruitment method for 
scientific and medical studies. At the same time, parts of research life and research in general that do not 
always appear in public is presented. It’s rarely just scandals or just magical discoveries, but also a lot of 
trial and errors and hidden bureaucracy. More than 50 episodes of the podcast is now available for 
download from most platforms, and “Labprat” is established among the most popular podcasts in its field 
here in Norway. 
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AWARDS

Excellent Researcher Award
Bente Halvorsen, the head of the Research Institute 
of Internal Medicine (RIIM) was in 2023 awarded 
the Excellent Researcher award from Oslo University 
Hospital for her contributions to science.
 
Committee statement:
«Halvorsen is a professor at the Institute of Clinical 
Medicine at the University of Oslo and the Head of 
the Research Institute of Internal Medicine (RIIM) at 
Oslo University Hospital. She is an authority in the 
field of atherosclerosis research. She has developed 
a wide range of methods and models, and combines 
mouse models with clinical studies in large patient 
populations. In addition, she masters advanced cell 
and molecular biology methods. Notably, she has 
identified a role of the NAD generation pathway in 
inflammation and metabolism in 
relation to myocardial infarction, as well as a role for 
cholesterol crystals in atherogenesis. She has also 
elucidated important roles of the cytokines CCL19 
and CCL21 as inflammatory mediators in clinical and 
experimental atherosclerosis, and has clarified the 
mechanisms for the beneficial effects of inhibition 
of IL-6 in patients with myocardial infarction, 
with important clinical implications. Recently, Dr 
Halvorsen has studied the effect of Covid-19 on the 
epitranscriptome regulation in atherosclerosis and 
has characterized the immune response to Covid-19 
vaccines.
Halvorsen has developed RIIM into a world leading 

translational research institute with extensive 
collaborations and unique biobanks and been 
very effective in promoting the careers for young 
researchers. She is very successful in obtaining 
research grants for her studies. The publication 
record is excellent with more than 300 research 
papers (29 as first author and 44 as last author). 
Several of the papers report significant findings and 
are found in journals of high impact. Professor Bente 
Halvorsen is an excellent scientist with impressive 
leadership skills. She has contributed, and continues 
to contribute, in a profound manner to the research 
environment at Oslo University Hospital and 
is a most suitable candidate for the Excellence 
Researcher Award 2023 at Oslo University Hospital.»

Travel Award
Phd Student Giacomo Roman received $500 USD as 
an “Early Career Travel Award” for his “highly rated 
abstract at the 31st Congress of the International 
Society on Thrombosis and Haemostasis (ISTH) in 
Montréal, Canada”.



28 ANNUAL REPORT 2023  •  Research Institute of Internal Medicine (RIIM)

Publications 2023

1. Prapiadou S, Živković L, Thorand B, George MJ, van der 
Laan SW, Malik R, Herder C, Koenig W, Ueland T,  
Kleveland O, Aukrust P, Gullestad L, Bernhagen J, Paster-
kamp G, Peters A, Hingorani AD, Rosand J, Dichgans M,  
Anderson CD, Georgakis MK (2023) 
Proteogenomic Data Integration Reveals CXCL10 as a 
Potentially Downstream Causal Mediator for IL-6  
Signaling on Atherosclerosis 
Circulation, 149 (9), 669-68 

2. Wacker EM, Uellendahl-Werth F, Bej S, Wolkenhauer 
O, Vesterhus M, Lieb W, Franke A, Karlsen TH, Folseraas 
T, Ellinghaus D (2023) 
Whole blood RNA sequencing identifies transcriptional 
differences between primary sclerosing cholangitis and 
ulcerative colitis 
JHEP Rep, 6 (2), 100988 

3. Dahlberg D, Holm S, Sagen EML, Michelsen AE, Stensland 
M, de Souza GA, Müller EG, Connelly JP, Revheim ME,  
Halvorsen B, Hassel B (2023) 
Bacterial Brain Abscesses Expand Despite Effective  
Antibiotic Treatment: A Process Powered by Osmosis Due 
to Neutrophil Cell Death 
Neurosurgery (in press) 

4. Skytte HN, Roland MCP, Christensen JJ, Holven KB, Lekva 
T, Gunnes N, Michelsen TM (2023) 
Maternal metabolic profiling across body mass index 
groups: An exploratory longitudinal study 
Acta Obstet Gynecol Scand, 103 (3), 540-550 

5. Ueland T, Michelsen AE, Tveita AA, Kåsine T, Dahl 
TB, Finbråten AK, Holten AR, Skjønsberg OH, Mathiessen 
A, Henriksen KN, Trøseid M, Aaløkken TM, Halvorsen 
B, Dyrhol-Riise AM, Barratt-Due A, Aukrust P (2023) 
Coagulopathy and adverse outcomes in hospitalized  
patients with COVID-19: results from the NOR-Solidarity 
trial Res Pract Thromb Haemost, 8 (1), 102289 

6. Stø K, Skagen KR, Valeur J, Yang K, Bjerkeli V, Aukrust P,  
Skjelland M, Halvorsen B (2023) 
Increased plasma levels of non-sugar sweeteners in  
patients with symptomatic carotid atherosclerosis 
Scand Cardiovasc J, 57 (1), 2205068 

7. Lekva T, Sundaram AYF, Roland MCP, Åsheim J, Michelsen 
AE, Norwitz ER, Aukrust P, Gilfillan GD, Ueland T (2023) 
Platelet and mitochondrial RNA is decreased in  
plasma-derived extracellular vesicles in women with  
preeclampsia-an exploratory study 
BMC Med, 21 (1), 458 
 
 
 

8. Måseide RJ, Berntorp E, Astermark J, Olsson A,  
Bruzelius M, Frisk T, Nummi V, Lassila R, Tjønnfjord 
GE, Holme PA (2023) 
Health-related quality of life and physical activity in  
Nordic patients with moderate haemophilia A and B (the 
MoHem study) 
Haemophilia, 30 (1), 98-105 

9. Halvorsen B, Aukrust P, Dahl TB, Gregersen I (2023) 
Increased cardiovascular mortality during the COVID-19 
pandemic: do not neglect causality 
Eur Heart J Open, 3 (6), oead119 

10. Helgadottir H, Folseraas T, Kemmerich G, Aabakken L,  
Jørgensen KK, Vesterhus M (2023) 
Primær skleroserende kolangitt 
Tidsskr Nor Laegeforen, 143 (17) 
DOI 10.4045/tidsskr.23.0156, PubMed 37987062 (Details)

11. Sasi A, Romaine A, Erusappan PM, Melleby AO, Hasic 
A, Dahl CP, Broch K, Almaas VM, Puertas RD, Roderick 
HL, Lunde IG, Sjaastad I, Vistnes M, Christensen G (2023) 
Temporal expression and spatial distribution of the  
proteoglycan versican during cardiac fibrosis development 
Matrix Biol Plus, 19-20, 100135 

12. Tedbury PR, Manfredi C, Degenhardt F, Conway J,  
Horwath MC, McCracken C, Sorscher AJ, Moreau S, Wright 
C, Edwards C, Brewer J, Guarner J, de Wit E,  
Williamson BN, Suthar MS, Ong YT, Roback JD, Alter 
DN, Holter JC, Karlsen TH, Sacchi N, Romero-Gómez M,  
Invernizzi P, Fernández J, Buti M et al. (2023) 
Mechanisms by which the cystic fibrosis transmembrane 
conductance regulator may influence SARS-CoV-2  
infection and COVID-19 disease severity 
FASEB J, 37 (11), e23220 

13. Lekva T, Michelsen AE, Roland MCP, Norwitz ER,  
Estensen ME, Olstad OK, Akkouh IA, Henriksen T, Bollerslev 
J, Aukrust P, Ueland T (2023) 
Increased ferroptosis in leukocytes from preeclamptic 
women involving the long non-coding taurine  
upregulated gene 1 (TUG1) 
J Intern Med, 295 (2), 181-195 

14. Thudium RF, Arentoft NS, Hoel H, Afzal S, von Stemann 
JH, Forman JL, Wilcke JT, Benfield T, Trøseid M, Borges 
ÁH, Ostrowski SR, Vestbo J, Kunisaki KM, Jensen JS, Nielsen 
SD (2023) 
Elevated Levels of Interleukin-1β and Interleukin-10 Are 
Associated With Faster Lung Function Decline in People 
With Well-Treated Human Immunodeficiency Virus 
J Infect Dis, 228 (8), 1080-1088 
 
 
 

PUBLICATIONS PUBLISHED IN 2023 FROM OUS - RESEARCH INSTITUTE OF INTERNAL MEDICINE



29Research Institute of Internal Medicine (RIIM)  •  ANNUAL REPORT 2023

22. Akkouh IA, Ueland T, Szabo A, Hughes T, Smeland OB,  
Andreassen OA, Osete JR, Djurovic S (2023) 
Longitudinal Transcriptomic Analysis of Human Cortical 
Spheroids Identifies Axonal Dysregulation in the Prenatal 
Brain as a Mediator of Genetic Risk for Schizophrenia 
Biol Psychiatry, 95 (7), 687-698 

23. COVID-19 Host Genetics Initiative (2023) 
A second update on mapping the human genetic  
architecture of COVID-19 
Nature, 621 (7977), E7-E26 

24. Harrison SP, Siller R, Tanaka Y, Chollet ME, de la  
Morena-Barrio ME, Xiang Y, Patterson B, Andersen E,  
Bravo-Pérez C, Kempf H, Åsrud KS, Lunov O, Dejneka A, 
 Mowinckel MC, Stavik B, Sandset PM, Melum 
E, Baumgarten S, Bonanini F, Kurek D, Mathapati S, Almaas 
R, Sharma K, Wilson SR, Skottvoll FS et al. (2023) 
Scalable production of tissue-like vascularized liver  
organoids from human PSCs 
Exp Mol Med, 55 (9), 2005-2024 

25. Krag A, Buti M, Lazarus JV, Allen AM, Bowman J,  
Burra P, Donnini G, Duseja A, El-Sayed MH, Gastaldelli A,  
Hainsworth B, Karlsen TH, Kessler M, Korenjak 
M, Mark HE, Mann JP, Miller V, Pessoa MG, Piñeiro 
D, Sarin SK, Singh SP, Rinella ME, Willemse J, Younossi 
ZM, Francque SM (2023) 
Uniting to defeat steatotic liver disease: A global mission 
to promote healthy livers and healthy lives 
J Hepatol, 79 (5), 1076-1078 

26. Ecklu-Mensah G, Choo-Kang C, Maseng MG, Donato 
S, Bovet P, Viswanathan B, Bedu-Addo K, Plange-Rhule 
J, Oti Boateng P, Forrester TE, Williams M, Lambert EV, Rae 
D, Sinyanya N, Luke A, Layden BT, O’Keefe S, Gilbert JA,  
Dugas LR (2023) 
Gut microbiota and fecal short chain fatty acids differ 
with adiposity and country of origin: the METS- 
microbiome study 
Nat Commun, 14 (1), 5160 

27. Hindley G, Drange OK, Lin A, Kutrolli G, Shadrin AA, Parker 
N, O’Connell KS, Rødevand L, Cheng W, Bahrami S, Karadag 
N, Holen B, Jaholkowski P, Woldeyohannes MT, Djurovic 
S, Dale AM, Frei O, Ueland T, Smeland OB, Andreassen 
OA (2023) 
Cross-trait genome-wide association analysis of 
 C-reactive protein level and psychiatric disorders 
Psychoneuroendocrinology, 157, 106368 

28. Vistnes M, Erusappan PM, Sasi A, Nordén ES, Bergo KK,  
Romaine A, Lunde IG, Zhang L, Olsen MB, Øgaard J,  
Carlson CR, Wang CH, Riise J, Dahl CP, Fiane 
AE, Hauge-Iversen IM, Espe E, Melleby AO, Tønnessen 
T, Aronsen JM, Sjaastad I, Christensen G (2023) 
Inhibition of the extracellular enzyme A disintegrin and 
metalloprotease with thrombospondin motif 4 prevents 
cardiac fibrosis and dysfunction 
Cardiovasc Res, 119 (10), 1915-1927 

15. Heldal TF, Åsberg A, Ueland T, Reisæter AV, Pischke 
SE, Mollnes TE, Aukrust P, Reinholt F, Hartmann A, Heldal 
K, Jenssen TG (2023) 
Systemic inflammation early after kidney transplantation 
is associated with long-term graft loss: a cohort study 
Front Immunol, 14, 1253991 

16. Carbone M, Della Penna A, Mazzarelli C, De Martin E,  
Villard C, Bergquist A, Line PD, Neuberger JM, Al-Shakhshir 
S, Trivedi PJ, Baumann U, Cristoferi L, Hov J, Fischler 
B, Hadzic NH, Debray D, D’Antiga L, Selzner N, Belli LS,  
Nadalin S (2023) 
Liver Transplantation for Primary Sclerosing Cholangitis 
(PSC) With or Without Inflammatory Bowel Disease (IB-
D)-A European Society of Organ Transplantation (ESOT) 
Consensus Statement 
Transpl Int, 36, 11729 

17. Murphy SL, Halvorsen B, Holter JC, Huse C, Tveita A,  
Trøseid M, Hoel H, Kildal AB, Holten AR, Lerum TV,  
Skjønsberg OH, Michelsen AE, Aaløkken TM,  
NORSOLIDARITY Consortium, The Norwegian SARS-CoV-2 
study group investigators, Tonby K, Lind A, Dudman S,  
Granerud BK, Heggelund L, Bøe S, Dyrholt-Riise 
AM, Aukrust P, Barratt-Due A, Ueland T, Dahl TB (2023) 
Circulating markers of extracellular matrix remodelling in 
severe COVID-19 patients 
J Intern Med, 294 (6), 784-797 

18. Kreyberg I, Schrumpf E, Fredrik von Krogh C, Lilleng 
R, Tjønnfjord GE (2023) 
Successful treatment of subcorneal pustular dermatosis 
targeting an underlying monoclonal IgA gammopathy 
JAAD Case Rep, 41, 33-36 

19. Hjell G, Rokicki J, Szabo A, Holst R, Tesli N, Bell C,  
Fischer-Vieler T, Werner MCF, Lunding SH, Ormerod 
MBEG, Johansen IT, Djurovic S, Ueland T, Andreassen 
OA, Melle I, Lagerberg TV, Mørch-Johnsen L, Steen 
NE, Haukvik UK (2023) 
Impulsivity across severe mental disorders: a cross- 
sectional study of immune markers and  
psychopharmacotherapy 
BMC Psychiatry, 23 (1), 659 

20. Steen NE, Rahman Z, Szabo A, Hindley GFL, Parker 
N, Cheng W, Lin A, O’Connell KS, Sheikh MA, Shadrin 
A, Bahrami S, Karthikeyan S, Hoseth EZ, Dale AM, Aukrust 
P, Smeland OB, Ueland T, Frei O, Djurovic S, Andreassen 
OA (2023) 
Shared Genetic Loci Between Schizophrenia and White 
Blood Cell Counts Suggest Genetically Determined  
Systemic Immune Abnormalities 
Schizophr Bull, 49 (5), 1345-1354 

21. Andersen T, Ueland T, Aukrust P, Nilsen DWT, Grundt 
H, Staines H, Pönitz V, Kontny F (2023) 
Procollagen type 1 N-terminal propeptide is associated 
with adverse outcome in acute chest pain of suspected 
coronary origin 
Front Cardiovasc Med, 10, 1191055 



30 ANNUAL REPORT 2023  •  Research Institute of Internal Medicine (RIIM)

37. Mayer C, Nehring S, Kücken M, Repnik U, Seifert S,  
Sljukic A, Delpierre J, Morales-Navarrete H, Hinz S, Brosch 
M, Chung B, Karlsen T, Huch M, Kalaidzidis Y, Brusch 
L, Hampe J, Schafmayer C, Zerial M (2023) 
Apical bulkheads accumulate as adaptive response to 
impaired bile flow in liver disease 
EMBO Rep, 24 (9), e57181 

38. Nissen-Meyer LSH, Macpherson ME, Skeie LG, Hvalryg 
M, Llohn AH, Steinsvåg TT, Fenstad MH, Tveita A,  
Kristoffersen EK, Sundic T, Lund-Johansen F, Vaage 
JT, Flesland Ø, Dyrhol-Riise AM, Holter JC, Hervig TA,  
Fevang B (2023) COVID-19 patients treated with convales-
cent plasma. Tidsskr Nor Laegeforen, 143 (11) 

39. Jacobsen DP, Fjeldstad HE, Sugulle M, Johnsen GM, Olsen 
MB, Kanaan SB, Staff AC (2023) 
Fetal microchimerism and the two-stage model of  
preeclampsia 
J Reprod Immunol, 159, 104124 

40. Ueland T, Waagsbø B, Berge RK, Trøseid M, Aukrust 
P, Damås JK (2023) 
Fatty Acids Composition and HIV Infection: Altered Levels 
of n-6 Polyunsaturated Fatty Acids Are Associated with 
Disease Progression 
Viruses, 15 (7) 

41. Jorgensen SF, Macpherson ME, Skarpengland T, Berge 
RK, Fevang B, Halvorsen B, Aukrust P (2023) 
Disturbed lipid profile in common variable immunodefi-
ciency - a pathogenic loop of inflammation and metabolic 
disturbances 
Front Immunol, 14, 1199727 

42. Hope S, Nærland T, Olav Kolset S, Ueland T, Andreassen 
OA, Nordstrøm M (2023) 
Systemic immune profile in Prader-Willi syndrome:  
elevated matrix metalloproteinase and myeloperoxidase 
and reduced macrophage inhibitory factor 
Orphanet J Rare Dis, 18 (1), 185 

43. Serrano-Villar S, Tincati C, Raju SC, Sáenz JS, Moreno 
E, Bargiela R, Cabello-Ubeda A, Sendagorta E, Kurz A, Perez 
Molina JA, de Benito A, Hov JR, Fernandez-Lopez L, Muriel 
A, Del Campo R, Moreno S, Trøseid M, Seifert J, Ferrer 
M (2023) 
Microbiome-derived cobalamin and succinyl-CoA as  
biomarkers for improved screening of anal cancer 
Nat Med, 29 (7), 1738-1749 

44. Schneider KM, Kummen M, Trivedi PJ, Hov JR (2023) 
Role of microbiome in autoimmune liver diseases 
Hepatology (in press) 

45. Juul FE, Hov JER, Trøseid M, Johnsen PH, Valeur J (2023) 
Tarmflora og tarmsykdom – en edruelig formaning 
Tidsskr Nor Laegeforen, 143 (10)

 

29. Heck A, Godang K, Lekva T, Markussen KN, De Vincentis 
S, Ueland T, Bollerslev J (2023) 
Endocortical Trabecularization in Acromegaly: The Cause 
for the Paradoxically Increased Vertebral Fracture Risk? 
JBMR Plus, 7 (10), e10787 

30. Sikkeland LIB, Ueland T, Lund MB, Durheim MT, Mollnes 
TE (2023) 
A role for the terminal C5-C9 complement pathway in 
idiopathic pulmonary fibrosis 
Front Med (Lausanne), 10, 1236495 

31. Serra-Burriel M, Juanola A, Serra-Burriel F, Thiele M,  
Graupera I, Pose E, Pera G, Grgurevic I, Caballeria L, Piano 
S, van Kleef L, Reichert M, Roulot D, Pericàs JM,  
Schattenberg JM, Tsochatztis EA, Guha IN, Garcia-Retortillo 
M, Hernández R, Hoyo J, Fuentes M, Expósito C, Martínez 
A, Such P, Madir A et al. (2023) 
Development, validation, and prognostic evaluation of 
a risk score for long-term liver-related outcomes in the 
general population: a multicohort study 
Lancet, 402 (10406), 988-996 

32. Solberg OG, Aaberge L, Bosse G, Ueland T, Gullestad 
L, Aukrust P, Stavem K (2023) 
Microvascular function and inflammatory activation in 
Takotsubo cardiomyopathy 
ESC Heart Fail, 10 (5), 3216-3222 

33. Bang-Kittilsen G, Egeland J, Ueland T, Andersen E, Bigseth 
TT, Holmen TL, Mordal J, Holst R, Engh JA (2023) 
The relationship between the brain-derived neurotrophic 
factor and neurocognitive response to physical exercise in 
individuals with schizophrenia 
Psychoneuroendocrinology, 157, 106356 

34. Hillarp A, Holme PA, Wåland EP, Le MS, Henriksson 
CE, Tjønnfjord GE, Måseide RJ (2023) 
Report on 4 cases with decreased recovery due to n 
eutralizing antibodies specific for PEGylated recombinant 
factor VIII 
J Thromb Haemost, 21 (10), 2771-2775 

35. De Muynck K, Heyerick L, De Ponti FF, Vanderborght 
B, Meese T, Van Campenhout S, Baudonck L, Gijbels E,  
Rodrigues PM, Banales JM, Vesterhuus M, Folseraas 
T, Scott CL, Vinken M, Van der Linden M, Hoorens A, Van 
Dorpe J, Lefere S, Geerts A, Van Nieuwerburgh F, Verhelst 
X, Van Vlierberghe H, Devisscher L (2023) 
Osteopontin characterizes bile duct-associated macro-
phages and correlates with liver fibrosis severity in pri-
mary sclerosing cholangitis 
Hepatology, 79 (2), 269-288 

36. Woxholt S, Ueland T, Aukrust P, Anstensrud AK, Broch 
K, Tøllefsen IM, Ryan L, Bendz B, Hopp E, Kløw NE, Seljeflot 
I, Halvorsen B, Dahl TB, Huse C, Andersen GØ, Gullestad 
L, Wiseth R, Amundsen BH, Damas JK, Kleveland O (2023) 
Cytokine pattern in patients with ST-elevation myocardial 
infarction treated with the interleukin-6 receptor antago-
nist tocilizumab 
Open Heart, 10 (2)



31Research Institute of Internal Medicine (RIIM)  •  ANNUAL REPORT 2023

46. Parker N, Cheng W, Hindley GFL, O’Connell KS, Karthikeyan 
S, Holen B, Shadrin AA, Rahman Z, Karadag N, Bahrami 
S, Lin A, Steen NE, Ueland T, Aukrust P, Djurovic S, Dale 
AM, Smeland OB, Frei O, Andreassen OA (2023) 
Genetic Overlap Between Global Cortical Brain Structure, 
C-Reactive Protein, and White Blood Cell Counts 
Biol Psychiatry, 95 (1), 62-71 

47. Braadland PR, Bergquist A, Kummen M, Bossen L,  
Engesæter LK, Reims HM, Björk I, Grzyb K, Abildgaard 
A, Småstuen MC, Folseraas T, Trøseid M, Ulvik A, Ueland 
PM, Melum E, Line PD, Høivik ML, Grønbæk H, Karlsen 
TH, Vesterhus M, Hov JR (2023) 
Clinical and biochemical impact of vitamin B6 deficiency 
in primary sclerosing cholangitis before and after liver 
transplantation 
J Hepatol, 79 (4), 955-966 

48. Gui W, Hole MJ, Molinaro A, Edlund K, Jørgensen KK,  
Su H, Begher-Tibbe B, Gaßler N, Schneider CV, Muthuku-
marasamy U, Mohs A, Liao L, Jaeger J, Mertens CJ,  
Bergheim I, Strowig T, Hengstler JG, Hov JR, Marschall 
HU, Trautwein C, Schneider KM (2023) 
Colitis ameliorates cholestatic liver disease via suppres-
sion of bile acid synthesis 
Nat Commun, 14 (1), 3304 
 

49. Nendl A, Raju SC, Broch K, Mayerhofer CCK, Holm K,  
Halvorsen B, Lappegård KT, Moscavitch S, Hov JR, Seljeflot 
I, Trøseid M, Awoyemi A (2023) 
Intestinal fatty acid binding protein is associated with 
cardiac function and gut dysbiosis in chronic heart failure 
Front Cardiovasc Med, 10, 1160030 

50. Andel PM, Aukrust P, Gleditsch J, Gude E, Haugeberg 
G, Høie S, Salte T, Steine K, Atar D (2023) 
Recurrent pericarditis 
Tidsskr Nor Laegeforen, 143 (8) 

51. Graupera I, Thiele M, Ma AT, Serra-Burriel M, Pich J,  
Fabrellas N, Caballeria L, de Knegt RJ, Grgurevic I,  
Reichert M, Roulot D, Schattenberg JM, Pericas JM, Angeli 
P, Tsochatzis EA, Guha IN, Garcia-Retortillo M, Morillas 
RM, Hernández R, Hoyo J, Fuentes M, Madir A, Juanola 
A, Soria A, Juan M et al. (2023) 
Correction: LiverScreen project: study protocol for screen-
ing for liver fibrosis in the general population in European 
countries 
BMC Public Health, 23 (1), 923 

52. Swamy S, Ueland T, Hansen JB, Snir O, Brækkan SK (2023) 
Plasma levels of P-selectin and future risk of incident 
venous thromboembolism 
J Thromb Haemost, 21 (9), 2451-2460 

53. Bigseth TT, Engh JA, Andersen E, Bang-Kittilsen G, Egeland 
J, Falk RS, Holmen TL, Mordal J, Nielsen J, Ueland T, Vang 
T, Fredriksen M (2023) 
Alterations in inflammatory markers after a 12-week 
exercise program in individuals with schizophrenia-a 
randomized controlled trial 
Front Psychiatry, 14, 1175171

54. Ratajczak-Tretel B, Lambert AT, Al-Ani R, Arntzen K,  
Bakkejord GK, Bekkeseth HMO, Bjerkeli V, Eldøen G,  
Gulsvik AK, Halvorsen B, Høie GA, Ihle-Hansen H,  
Ihle-Hansen H, Ingebrigtsen S, Kremer C, Krogseth 
SB, Kruuse C, Kurz M, Nakstad I, Novotny V, Næss H, Qazi 
R, Rezaj MK, Rørholt DM, Steffensen LH et al. (2023) 
Prediction of underlying atrial fibrillation in patients with 
a cryptogenic stroke: results from the NOR-FIB Study 
J Neurol, 270 (8), 4049-4059 

55. Reponen EJ, Ueland T, Rokicki J, Bettella F, Aas M, Werner 
MCF, Dieset I, Steen NE, Andreassen OA, Tesli M (2023) 
Polygenic risk for schizophrenia and bipolar disorder in 
relation to cardiovascular biomarkers 
Eur Arch Psychiatry Clin Neurosci (in press) 

56. Jensen SB, Sheikh MA, Akkouh IA, Szabo A, O’Connell 
KS, Lekva T, Engh JA, Agartz I, Elvsåshagen T, Ormerod 
MBEG, Weibell MA, Johnsen E, Kroken RA, Melle I, Drange 
OK, Nærland T, Vaaler AE, Westlye LT, Aukrust P, Djurovic 
S, Eiel Steen N, Andreassen OA, Ueland T (2023) 
Elevated Systemic Levels of Markers Reflecting Intestinal 
Barrier Dysfunction and Inflammasome Activation Are 
Correlated in Severe Mental Illness 
Schizophr Bull, 49 (3), 635-645 

57. Kartsonaki C, Baillie JK, Barrio NG, Baruch J, Beane 
A, Blumberg L, Bozza F, Broadley T, Burrell A, Carson G,  
Citarella BW, Dagens A, Dankwa EA, Donnelly CA, Dunning 
J, Elotmani L, Escher M, Farshait N, Goffard JC, Gonçalves 
BP, Hall M, Hashmi M, Sim Lim Heng B, Ho A, Jassat W et 
al. (2023) 
Characteristics and outcomes of an international cohort 
of 600 000 hospitalized patients with COVID-19 
Int J Epidemiol, 52 (2), 355-376 

58. Cho SM, White N, Premraj L, Battaglini D, Fanning J, Suen 
J, Bassi GL, Fraser J, Robba C, Griffee M, Singh B, Citarella 
BW, Merson L, Solomon T, Thomson D, (2023) 
Neurological manifestations of COVID-19 in adults and 
children 
Brain, 146 (4), 1648-1661 

59. Fevang B (2023) 
Treatment of inflammatory complications in common 
variable immunodeficiency (CVID): current concepts and 
future perspectives 
Expert Rev Clin Immunol, 19 (6), 627-638 

60. Bonacina F, Di Costanzo A, Genkel V, Kong XY, Kroon 
J, Stimjanin E, Tsiantoulas D, Grootaert MO (2023) 
The heterogeneous cellular landscape of atherosclerosis: 
Implications for future research and therapies. A collabo-
rative review from the EAS young fellows 
Atherosclerosis, 372, 48-56 

61. Ali AM, Yakupoglu HY, Fuchs TA, Larsen TH, Aukrust P, G 
unnarsson R, Saeed S (2023) 
Cardiac Involvement in Systemic and Local Vasculitides: 
The Value of Noninvasive Multimodality Imaging 
Curr Probl Cardiol, 48 (8), 101718

 



32 ANNUAL REPORT 2023  •  Research Institute of Internal Medicine (RIIM)

62. Grover SP, Snir O, Hindberg K, Englebert TM, Braekkan 
SK, Morelli VM, Jensen SB, Wolberg AS, Mollnes TE, Ueland 
T, Mackman N, Hansen JB (2023) 
High plasma levels of C1-inhibitor are associated with 
lower risk of future venous thromboembolism 
J Thromb Haemost, 21 (7), 1849-1860 

63. Macpherson ME, Skarpengland T, Hov JR, Ranheim T,  
Vestad B, Dahl TB, Fraz MSA, Michelsen AE, Holven KB,  
Fevang B, Berge RK, Aukrust P, Halvorsen B, Jørgensen 
SF (2023) 
Increased Plasma Levels of Triglyceride-Enriched Lipopro-
teins Associate with Systemic Inflammation, Lipopolysac-
charides, and Gut Dysbiosis in Common Variable Immuno-
deficiency. J Clin Immunol, 43 (6), 1229-1240 

64. Tønnessen TC, Ueland T, Ahmed MS, Attramadal H,  
Sjaastad I, Vinge LE (2023) 
Inflammatory augmentation of the delayed type hyper-
sensitivity arthritis mouse model 
Basic Clin Pharmacol Toxicol, 132 (6), 551-555 

65.  Prapiadou S, Živković L, Thorand B, George MJ, van der 
Laan SW, Malik R, Herder C, Koenig W, Ueland T,  
Kleveland O, Aukrust P, Gullestad L, Bernhagen J, 
 Pasterkamp G, Peters A, Hingorani AD, Rosand J, Dichgans 
M, Anderson CD, Georgakis MK (2023) 
Proteogenomic integration reveals CXCL10 as a potentially 
downstream causal mediator for IL-6 signaling on athero-
sclerosis 
medRxiv 

66. Haukeland JW, Vesterhus MN, Jørgensen KK, Frigstad 
SO, Karlsen TH (2023) 
[The FIB-4 test as a decision-making tool] 
Tidsskr Nor Laegeforen, 143 (5) 

67. Ratajczak-Tretel B, Lambert AT, Al-Ani R, Arntzen K,  
Bakkejord GK, Bekkeseth HMO, Bjerkeli V, Eldøen G, 
 Gulsvik AK, Halvorsen B, Høie GA, Ihle-Hansen H,  
Ingebrigtsen S, Kremer C, Krogseth SB, Kruuse C, Kurz 
M, Nakstad I, Novotny V, Naess H, Qazi R, Rezaj MK, Rørholt 
DM, Steffensen LH, Sømark J et al. (2023) 
Underlying causes of cryptogenic stroke and TIA in the 
nordic atrial fibrillation and stroke (NOR-FIB) study - the 
importance of comprehensive clinical evaluation 
BMC Neurol, 23 (1), 115 

68. Andersen IM, Reims HM, Grzyb K, Fevang B, Melum 
E, Aukrust P, Wiencke K, Nordøy I, Line PD, Jørgensen 
SF (2023) 
Long-term survival after liver transplantation in patients 
with common variable immunodeficiency 
Liver Transpl, 29 (8), 894-899 

69. Tancin Lambert A, Ratajczak-Tretel B, Al-Ani R, Arntzen 
K, Bakkejord GK, Bekkeseth HMO, Bjerkeli V, Eldøen 
G, Gulsvik AK, Halvorsen B, Høie GA, Ihle-Hansen H,  
Ihle-Hansen H, Ingebrigtsen S, Johansen H, Kremer C,  
Krogseth SB, Kruuse C, Kurz M, Nakstad I, Novotny V, Naess 
H, Qazi R, Rezai MK, Rørholt DM et al. (2023) 
Biomarkers predictive of atrial fibrillation in patients with 
cryptogenic stroke. Insights from the Nordic Atrial  

Fibrillation and Stroke (NOR-FIB) study 
Eur J Neurol, 30 (5), 1352-1363 

70.  Skjeflo EW, Evensen LH, Jensen SB, Latysheva N, Michelsen 
A, Ueland T, Brækkan SK, Hindberg K, Snir O, Mollnes 
TE, Hansen JB (2023) 
Complement factors B, D, C3bBbP and risk of future  
venous thromboembolism 
Clin Immunol, 249, 109278 

71. Quiles-Jiménez A, Sousa MML, Huse C, Dyrhol-Riise 
AM, Holter JC, Christensen EE, Tonby K, Holten AR, Aukrust 
P, Bjørås M, Dahl TB, Halvorsen B (2023) 
Severely ill COVID-19 patients have altered circulating 
levels of proteins controlling the epitranscriptome 
J Infect, 86 (6), 593-595 

72. Oppen K, Brede C, Skadberg Ø, Steinsvik T, Holter JC,  
Michelsen AE, Heggelund L (2023) 
Hepcidin analysis in pneumonia: Comparison of immuno-
assay and LC-MS/MS 
Ann Clin Biochem, 60 (5), 298-305 

73. Falch CM, Arlien-Søborg MC, Dal J, Sundaram AYM,  
Michelsen AE, Ueland T, Olsen LG, Heck A, Bollerslev J, 
 Jørgensen JOL, Olarescu NC (2023) 
Gene expression profiling of subcutaneous adipose tissue 
reveals new biomarkers in acromegaly 
Eur J Endocrinol, 188 (3) 

74. Selvakumar J, Havdal LB, Drevvatne M, Brodwall EM, Lund 
Berven L, Stiansen-Sonerud T, Einvik G, Leegaard TM, Tjade 
T, Michelsen AE, Mollnes TE, Lund-Johansen F, Holmøy 
T, Zetterberg H, Blennow K, Sandler CX, Cvejic E, Lloyd 
AR, Wyller VBB (2023) 
Prevalence and Characteristics Associated With Post-
COVID-19 Condition Among Nonhospitalized Adolescents 
and Young Adults 
JAMA Netw Open, 6 (3), e235763 

75.  Hoftun Farbu B, Langeland H, Ueland T, Michelsen 
AE, Jørstad Krüger A, Klepstad P, Nordseth T (2023) 
Intestinal injury in cardiac arrest is associated with multi-
ple organ dysfunction: A prospective cohort study 
Resuscitation, 185, 109748 

76. Han Y, Byun J, Zhu C, Sun R, Roh JY, Cordell HJ, Lee HS, Shaw 
VR, Kang SW, Razjouyan J, Cooley MA, Hassan MM,  
Siminovitch KA, Folseraas T, Ellinghaus D, Bergquist 
A, Rushbrook SM, Franke A, Karlsen TH, Lazaridis KN,  
International PSC Study Group, McGlynn KA, Roberts 
LR, Amos CI (2023) 
Multitrait genome-wide analyses identify new susceptibil-
ity loci and candidate drugs to primary sclerosing cholan-
gitisNat Commun, 14 (1), 1069 

77. Trøseid M, Holter JC, Holm K, Vestad B, Sazonova T,  
Granerud BK, Dyrhol-Riise AM, Holten AR, Tonby K, Kildal 
AB, Heggelund L, Tveita A, Bøe S, Müller KE, Jenum S, Hov 
JR, Ueland T, Norwegian SARS-CoV-2 study group (2023) 
Gut microbiota composition during hospitalization is  
associated with 60-day mortality after severe COVID-19 
Crit Care, 27 (1), 69



33Research Institute of Internal Medicine (RIIM)  •  ANNUAL REPORT 2023

78. Ueland T, Äikäs LAO, Dahl TB, Gregersen I, Olsen MB,  
Michelsen A, Schanke Y, Holopainen M, Ruhanen H, Singh 
S, NOR-SOLIDARITY Consortium, Tveita AA, Finbråten 
AK, Heggelund L, Trøseid M, Dyrhol-Riise AM, Nyman 
TA, Holven KB, Öörni K, Aukrust P, Halvorsen B (2023) 
Low-density lipoprotein particles carrying proinflammato-
ry proteins with altered aggregation pattern detected in 
COVID-19 patients 3 months after hospitalization 
J Infect, 86 (5), 489-492 

79. Sørensen JK, Pedersen J, Burr H, Holm A, Lallukka T, Lund 
T, Melchior M, Rod NH, Rugulies R, Sivertsen B, Stansfeld 
S, Christensen KB, Madsen IEH (2023) 
Psychosocial working conditions and sickness absence 
among younger employees in Denmark: a register-based 
cohort study using job exposure matrices 
Scand J Work Environ Health, 49 (4), 249-258 

80. Hole MJ, Jørgensen KK, Holm K, Braadland PR,  
Meyer-Myklestad MH, Medhus AW, Reikvam DH, Götz 
A, Grzyb K, Boberg KM, Karlsen TH, Kummen M, Hov 
JR (2023) A shared mucosal gut microbiota signature in 
primary sclerosing cholangitis before and after liver  
transplantation 

81. Mikaeloff F, Gelpi M, Benfeitas R, Knudsen AD, Vestad 
B, Høgh J, Hov JR, Benfield T, Murray D, Giske CG,  
Mardinoglu A, Trøseid M, Nielsen SD, Neogi U (2023) 
Network-based multi-omics integration reveals metabolic 
at-risk profile within treated HIV-infection 
Elife, 12 

82. Busek M, Aizenshtadt A, Koch T, Frank A, Delon L, Martinez 
MA, Golovin A, Dumas C, Stokowiec J, Gruenzner S, Melum 
E, Krauss S (2023) 
Pump-less, recirculating organ-on-a-chip (rOoC) platform 
Lab Chip, 23 (4), 591-608 

83. Risnes I, Aukrust P, Lundblad R, Rødevand O, Ueland 
T, Rynning SE, Saeed S (2023) 
Increased levels of NT-proBNP and troponin T 2 years 
after coronary artery bypass grafting complicated by  
mediastinitis 
Front Cardiovasc Med, 10, 1008825 

84. Edvardsen MS, Hansen ES, Ueland T, Aukrust P, Brækkan 
SK, Morelli VM, Hansen JB (2023) 
Impact of the von Willebrand factor-ADAMTS-13 axis on 
the risk of future venous thromboembolism 
J Thromb Haemost, 21 (5), 1227-1237 

85. Hansen ES, Edvardsen MS, Aukrust P, Ueland T, Hansen JB, 
Brækkan SK, Morelli VM.  
Combined effect of high factor VIII levels and high mean 
platelet volume on the risk of future incident venous 
thromboembolism. J Thromb Haemost. Oct;21(10):2844-
2853

86. Tran TT, Vaage EB, Mehta A, Chopra A, Tietze L, Kolderup 
A, Anthi A, König M, Nygaard G, Lind A, Müller F, Nis-
sen-Meyer LS, Magnus P, Trogstad L, Mjaaland S, Søraas 
A, Midtvedt K, Åsberg A, Barratt-Due A, Medhus AW, Høi-

vik ML, Lundin K, Karlsen RF, Dahle R, Danielsson K et 
al. (2023) 
Author Correction: Titers of antibodies against ancestral 
SARS-CoV-2 correlate with levels of neutralizing  
antibodies to multiple variants 
NPJ Vaccines, 8 (1), 4 

87. Osete JR, Akkouh IA, Ievglevskyi O, Vandenberghe M, de 
Assis DR, Ueland T, Kondratskaya E, Holen B, Szabo 
A, Hughes T, Smeland OB, Steen VM, Andreassen OA,  
Djurovic S (2023) 
Transcriptional and functional effects of lithium in bipolar 
disorder iPSC-derived cortical spheroids 
Mol Psychiatry, 28 (7), 3033-3043 

88. Skytte HN, Christensen JJ, Gunnes N, Holven KB, Lekva 
T, Henriksen T, Michelsen TM, Roland MCP (2023) 
Metabolic profiling of pregnancies complicated by  
preeclampsia: A longitudinal study 
Acta Obstet Gynecol Scand, 102 (3), 334-343 

89. Roman G, Stavik B, Lauritzen KH, Sandset PM, Harrison 
SP, Sullivan GJ, Chollet ME (2023) 
“iPSC-derived liver organoids and inherited bleeding  
disorders: Potential and future perspectives” 
Front Physiol, 14, 1094249 

90. Trøseid M, Arribas JR, Assoumou L, Holten AR, Poissy J,  
Terzić V, Mazzaferri F, Baño JR, Eustace J, Hites M,  
Joannidis M, Paiva JA, Reuter J, Püntmann I, Patrick-Brown 
TDJH, Westerheim E, Nezvalova-Henriksen K, Beniguel 
L, Dahl TB, Bouscambert M, Halanova M, Péterfi Z, Tsiodras 
S, Rezek M, Briel M et al. (2023) 
Efficacy and safety of baricitinib in hospitalized adults 
with severe or critical COVID-19 (Bari-SolidAct): a ran-
domised, double-blind, placebo-controlled phase 3 trial 
Crit Care, 27 (1), 9 

91. Sommen SL, Havdal LB, Selvakumar J, Einvik G, Leegaard 
TM, Lund-Johansen F, Michelsen AE, Mollnes TE, Stian-
sen-Sonerud T, Tjade T, Wyller VBB, Berven LL (2023) 
Inflammatory markers and pulmonary function in adoles-
cents and young adults 6 months after mild COVID-19 
Front Immunol, 13, 1081718 

92. Grant CW, Juran BD, Ali AH, Schlicht EM, Bianchi JK, Hu 
X, Liang Y, Jarrell Z, Liu KH, Go YM, Jones DP, Walker 
DI, Miller GW, Folseraas T, Karlsen TH, LaRusso NF, Gores 
GJ, Athreya AP, Lazaridis KN (2023) 
Environmental chemicals and endogenous metabolites in 
bile of USA and Norway patients with primary sclerosing 
cholangitis 
Exposome, 3 (1), osac011 

93. Risnes I, Aukrust P, Lundblad R, Ueland T, Rynning SE,  
Solheim E, Saeed S (2023) 
Troponin T and N-Terminal Pro-Brain Natriuretic Peptide 
Are Associated with Long-Term All-Cause Mortality in  
Patients with Post-Sternotomy Mediastinitis following 
Coronary Artery Bypass Grafting: A 15-Year Follow-Up 
Study Cardiology, 148 (6), 599-603 



34 ANNUAL REPORT 2023  •  Research Institute of Internal Medicine (RIIM)

94. Bergsmark T, Engesæter LK, Rasmussen A, Bennet W,  
Nordin A, Pall V, Line PD, Ericzon BG, Melum E (2023) 
Long-term survival after liver transplantation for  
alcohol-related liver disease in the Nordic countries 
Scand J Gastroenterol, 58 (8), 923-930 

95. Hov JR (2023) 
Editorial: dietary interventions to understand and treat 
primary sclerosing cholangitis-is gluten-free diet a starting 
point? 
Aliment Pharmacol Ther, 57 (2), 265-266 

96. Shapiro, Amy D.; Nakar, Charles; Parker, Joseph M.; 
Thibaudeau, Karen; Crea, Roberto & Sandset, Per 
Morten (2023). Plasminogen, human-tvmh for the treat-
ment of children and adults with plasminogen deficiency 
type 1. Haemophilia. ISSN 1351-8216. doi: 10.1111/
hae.14849. 

97. Larsen, Trine-Lise; Svalastoga, Marte; Brekke, Jorunn; 
Enden, Tone Rønnaug; Frøen, Hege; Garresori, Herish; 
Jacobsen, Eva-Marie; Quist-Paulsen, Petter; Porojnicu, 
Alina Carmen; Ree, Anne Hansen; Torfoss, Dag; Velle, Elin 
Osvik; Wik, Hilde Skuterud; Ghanima, Waleed; Sandset, Per 
Morten & Dahm, Anders Erik A (2023). Arterial events in 
cancer patients treated with apixaban for venous  
thrombosis. Thrombosis Research. ISSN 0049-3848. 228,  
s. 128–133. doi: 10.1016/j.thromres.2023.05.017. 

98. Pradier M, Rodger MA, Ghanima W, Kovacs MJ,  
Shivakumar S, Kahn SR, Sandset PM, Kearon C, Mallick R, 
Delluc A.Performance and Head-to-Head Comparison of 
Three Clinical Models to Predict Occurrence of  
Postthrombotic Syndrome: A Validation Study. Thromb 
Haemost 2023; 123: 692-699. 

99. Fagerhol MK, Schultz NH, Mirlashari MR, Wiedmann 
MKH, Nissen-Meyer LSH, Søraas AVL, Hetland G (2023) 
DNase analysed by a novel competitive assay in patients 
with complications after ChAdOx1 nCoV-19 vaccination 
and in normal unvaccinated blood donors 
Scand J Immunol, 98 (1), e13274

100. Schultz NH, Bechensteen AG, Tjønnfjord EB, Akkök ÇA, 
Berg MH. New interest group for red blood cell disorders. 
Tidsskr Nor Laegeforen. 2023 Feb 15;143(3). doi: 10.4045/
tidsskr.22.0731. Print 2023 Feb 21. 

101. Jørgensen OJ, Steineger JE, Hillarp A, Pareli Wåland 
E, Holme PA, Heimdal K, Dheyauldeen S (2023) 
Elevated FVIII levels in hereditary hemorrhagic  
telangiectasia: Implications for clinical management 
Laryngoscope Investig Otolaryngol, 9 (1), e1196 

102. Astermark J, Baghaei F, Strandberg K, Toplican PG, Birkedal 
MF, Grahn EE, Hansson C, Kampmann P, Lehtinen AE,  
Täckström K, Holme PA, Magnusson M (2023) 
Infrastructural considerations of implementing gene ther-
apy for hemophilia in the Nordic context 
Ther Adv Hematol, 14, 20406207231202306

 

103. Ettingshausen CE, Hermans C, Holme PA, Cid AR, Khair 
K, Oldenburg J, Négrier C, Botha J, Lelli A, Windyga J (2023) 
Real-world data in patients with congenital hemophilia 
and inhibitors: final data from the FEIBA Global Outcome 
(FEIBA GO) study 
Ther Adv Hematol, 14, 20406207231184323 

104. Arvanitakis A, Holme PA, Berntorp E, Astermark J (2023) 
Impact of timing of prophylaxis commencement, F8  
genotype and age on factor consumption and health- 
related quality of life in patients with severe haemophilia 
A Haemophilia, 29 (4), 1032-1038 

105. Warlo EMK, Kalstad AA, Myhre PL, Solheim S, Arnesen 
H, Tveit A, Holme PA, Seljeflot I, Bratseth V (2023) 
von Willebrand factor, ADAMTS-13, and thrombospondin 
1 in relation to clinical outcomes in elderly patients with a 
recent myocardial infarction 
Res Pract Thromb Haemost, 7 (4), 100164 

106. Reding MT, Pabinger I, Holme PA, Maas Enriquez M,  
Mancuso ME, Lalezari S, Miesbach W, Di Minno G,  
Klamroth R, Hermans C (2023) 
Efficacy and safety of damoctocog alfa pegol  
prophylaxis in patients ⩾40 years with severe haemophilia 
A and comorbidities: post hoc analysis from the PROTECT 
VIII study 
Ther Adv Hematol, 14, 20406207231166779 

107. Matlary RED, Grydeland M, Glosli H, Rueegg CS, Holme 
PA (2023) 
Factors associated with physical activity in young people 
with haemophilia A on prophylaxis 
Haemophilia, 29 (3), 900-909 

108. Matlary RED, Grydeland M, Glosli H, Rueegg CS, Holme 
PA (2023) 
Physical activity in Norwegian teenagers and young adults 
with haemophilia A compared to general population 
peers 
Haemophilia, 29 (2), 658-667 

109. lamroth R, Ay C, De Moerloose P, Fontana P, Windyga J, 
Astermark J, Berntorp E, Carvalho M, Dolan G, Hermans 
C, Holme PA, Kenet G, Mancuso ME, Marquardt N, Nunez 
R, Pabinger I, Rodgers R, Valk PV, Yuste VJ, Zupan IP.  
Applicability of the European Society of Cardiology  
Guidelines on the management of acute coronary  
syndromes to older people with haemophilia A -  
A modified Delphi consensus by the ADVANCE Working 
Group Haemophilia. 2023 Jan;29(1):21-32 

110. Schultz NH, Søraas AVL, Sørvoll IH, Akkök ÇA, Vetlesen A, 
Bhamra JS, Ahlen MT, Holme PA, Aamodt AH, Skagen K, 
Skattør TH, Skjelland M, Wiedmann MK. Vaccine  
associated benign headache and cutaneous hemorrhage 
after ChAdOx1 nCoV-19 vaccine: A cohort study. J Stroke 
Cerebrovasc Dis. 2023 Jan;32(1):106860.  



35Research Institute of Internal Medicine (RIIM)  •  ANNUAL REPORT 2023

111. Hermans C, Astermark J, Carvalho M, Dolan G, d’Oiron R, 
Fontana P, Holme PA, Kenet G, Klamroth R, Mancuso ME, 
Marquardt N, Nunez R, Katsarou O, Pabinger-Fasching 
I, Quintavalle G, Rodgers R, van der Valk P, Windyga J, 
Jimenez Yuste V, Preložnik Zupan I. Prevalence of COVID-19 
related hospitalizations and mortality in adults aged ≥40 
years with haemophilia: A survey from Europe. Haemo-
philia. 2023 May;29(3):913-916. doi: 10.1111/hae.14761 

112. Harrison SP, Siller R, Tanaka Y, Chollet ME, de la More-
na-Barrio ME, Xiang Y, Patterson B, Andersen E, Bravo-Pérez 
C, Kempf H, Åsrud KS, Lunov O, Dejneka A, Mowinckel  
MC, Stavik B, Sandset PM, Melum E, Baumgarten 
S, Bonanini F, Kurek D, Mathapati S, Almaas R, Sharma 
K, Wilson SR, Skottvoll FS et al. (2023) 
Scalable production of tissue-like vascularized liver  
organoids from human PSCs 
Exp Mol Med, 55 (9), 2005-2024 
 

113. Al Khatib I, Deng J, Lei Y, Torres-Odio S, Rojas GR, Newman 
LE, Chung BK, Symes A, Zhang H, Huang SN, Pommier 
Y, Khan A, Shadel GS, West AP, Gibson WT, Shutt TE (2023) 
Activation of the cGAS-STING innate immune response in 
cells with deficient mitochondrial topoisomerase TOP1MT 
Hum Mol Genet, 32 (15), 2422-2440 

114. Hyll Hansen S, Gjerstad Maseng M, Björkqvist O,  
Halfvarsson J, Bang C, Detlie TE, Huppertz-Hauss G,  
Kristensen V, Opheim R, Perminow R, Asak Ø, Bengtson 
MB, Boyar Cetinkaya R, Henriksen M, Hovde Ø, Medhus 
AW, Pallenschat J, Strande V, Valeur J, Svendsen Vatn S, 
Bergene Aabrekk T,  Høivik ML, Hov JR (2023) 
P920 Gut microbiota at diagnosis is associated with  
clinical features and future disease course in  
Inflammatory Bowel Disease: Data from IBSEN III, a new 
large Norwegian population-based inception cohort  
Journal of Crohn’s and Colitis, 17 (1), i1028–i1029 

115. Krag A, Buti M, Lazarus JV, Allen AM, Bowman J,  
Burra P, Donnini G, Duseja A, El-Sayed MH, Gastaldelli 
A, Hainsworth B, Karlsen TH, Kessler M, Korenjak M, Mark 
HE, Mann JP, Miller V, Pessoa MG, Piñeiro D, Sarin SK, Singh 
SP, Rinella ME, Willemse J, Younossi ZM, Francque 
SM (2023) 
Uniting to defeat steatotic liver disease: A global mission 
to promote healthy livers and healthy lives 
J Hepatol, 79 (5), 1076-1078 

116. Nilsen DWT, Røysland M, Ueland T, Aukrust P, Michelsen 
AE, Staines H, Barvik S, Kontny F, Nordrehaug JE, Bonarjee 
VVS. The Effect of Protease-Activated Receptor-1 (PAR-1) 
Inhibition on Endothelial-Related Biomarkers in Patients 
with Coronary Artery Disease. Thromb Haemost. 2023 
May;123(5):510-521. 

117. Sæther LS, Ueland T, Haatveit B, Maglanoc LA, Szabo A, 
Djurovic S, Aukrust P, Roelfs D, Mohn C, Ormerod MBEG, 
Lagerberg TV, Steen NE, Melle I, Andreassen OA, Ueland T. 
Inflammation and cognition in severe mental illness: pat-
terns of covariation and subgroups. Mol Psychiatry. 2023 
Mar;28(3):1284-1292.

118. Rixon C, Andreassen K, Shen X, Erusappan PM, Almaas VM, 
Palmero S, Dahl CP, Ueland T, Sjaastad I, Louch WE, Stokke 
MK, Tønnessen T, Christensen G, Lunde IG. Lumican accu-
mulates with fibrillar collagen in fibrosis in hypertrophic 
cardiomyopathy. ESC Heart Fail. 2023 Apr;10(2):858-871.  

119. Fosheim IK, Jacobsen DP, Sugulle M, Alnaes-Katjavivi P, 
Fjeldstad HES, Ueland T, Lekva T, Staff AC. Serum amyloid 
A1 and pregnancy zone protein in pregnancy complica-
tions and correlation with markers of placental dysfunc-
tion. Am J Obstet Gynecol MFM. 2023 Jan;5(1):100794. 

120. Sheikh MA, O’Connell KS, Lekva T, Szabo A, Akkouh IA, 
Osete JR, Agartz I, Engh JA, Andreou D, Boye B, Bøen E, 
Elvsåshagen T, Hope S, Frogner Werner MC, Joa I, Johnsen 
E, Kroken RA, Lagerberg TV, Melle I, Drange OK, Morken G, 
Nærland T, Sørensen K, Vaaler AE, Weibell MA, Westlye LT, 
Aukrust P, Djurovic S, Steen NE, Andreassen OA, Ueland 
T. Systemic Cell Adhesion Molecules in Severe Mental 
Illness: Potential Role of Intercellular CAM-1 in Linking 
Peripheral and Neuroinflammation. Biol Psychiatry. 2023 
Jan 15;93(2):187-196. 

121. Andreou D, Steen NE, Jørgensen KN, Smelror RE, Weder-
vang-Resell K, Nerland S, Westlye LT, Nærland T, Myhre AM, 
Joa I, Reitan SMK, Vaaler A, Morken G, Bøen E, Elvsåshagen 
T, Boye B, Malt UF, Aukrust P, Skrede S, Kroken RA, Johnsen 
E, Djurovic S, Andreassen OA, Ueland T, Agartz I. Lower cir-
culating neuron-specific enolase concentrations in adults 
and adolescents with severe mental illness. Psychol Med. 
2023 Mar;53(4):1479-1488.  
 



Oslo University Hospital is Norway’s largest hospital, and conducts a major portion of medical research and education of 
medical personnel in Norway. Post: Oslo University Hospital, P O Box 4950 Nydalen, NO-0420 Oslo, Norway. 

Switchboard: +47 91 50 27 70

www.oslo-universitetssykehus.no

The Research Institute of Internal Medicine
Oslo University Hospital, Rikshospitalet

P.O. Box 4950 Nydalen, 0424 Oslo, Norway

Tel: +47 23 07 00 00
Email: riim@ous-hf.no

http://ous-research.no/riim/

Tr
yk

k&
La

yo
ut

: M
øk

le
ga

ar
d 

Pr
in

t S
ho

p 
A

S 
 - 

 m
øk

le
ga

ar
d.

no


