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From the directorFrom the director

Organ-on-a-chip 
technology on the move

There is a unmet need for faithful representations 
of human organs to recapitulate higher-level ana-
tomical and physiological or pathological aspects 
of human biology.

Organoid and Organ-on-a-Chip (OoC) 
technology has a significant potential 
to provide such organ representations, 
and to serve as much-needed physio-
logical models for preclinical testing 
of drugs and potential alternatives to 
animal testing. Beyond that, the tech-
nology has an outlook towards devel-
oping human organ representations for 
transplantations. However, current or-
ganoid technology only fragmentary 
represent the histology and physiology 
of adult organs and is hampered by in-
consistent production/ characterization 
procedures - resulting in significant 
variability.

The Hybrid Technology Hub Centre of 
Excellence is working towards stem cell 
derived representations of organs that 
are central in controlling energy home-
ostasis, with a focus on liver, adipose 
tissue and pancreas islets. This requires 
an interplay of supervised differentia-
tion protocols, microfluidics, tracking 
technology, as well as integrated bio-
informatics, and – as the technology 
matures – ethical supervision. In 2021, 
the Centre has made significant progress 
in advancing and consolidating liver, 
adipose and islet organoid technology 
to a state where functionalities such as 
glucose response and metabolic zona-
tion are observable. The Centre has 
developed a novel robust microfluidic 
platform that allows integrating organ 
representations in a directional fluidic 
circuit. On the analytical side, the Cen-
tre has advanced mass spectrometry to 
deliver direct metabolic measurements 
from organoids and has advanced 
non-invasive Raman based chemo- 

metric measurement technology that 
allows tracking organoid maturity, the 
impact of specific drugs on liver orga-
noids as well as drug metabolism. While 
we are now starting to integrate the 
different programs to a comprehensive 
Organ-on-a-Chip format, the Centre 
has also initiated a novel program that 
promises to deliver organ representa-
tions with higher histological complex-
ity by applying the rapidly emerging 
gastruloid technology. For the latter it 
is a significant advantage that the Cen-
tre, through PI Prof. Jan Helge Solbakk, 
was able to attract an EU funded pro-
gram on the ethics of organoids (Hy-
brida) that embraces prominent Euro-
pean scholars including the head of the 
International Society for Stem Cell 
Research (ISSCR) Prof. Christine Mum-
mery.

I want primarily to thank the PIs, re-
searchers and staff in the Centre for 
remarkably hard work and unmatched 
collaborative spirit – without their de-

STEFAN KRAUSS

dication, the Centre would not be pos-
sible. I want to thank the Research 
Council of Norway for providing very 
significant longterm funding. I also want 
to thank our host, the Institute of Basic 
Medical Sciences at the University of 
Oslo, as well as the Department of Im-
munology at the Oslo University Hos-
pital, the University of Glasgow and 
Imperial College London for their de- 
dication and support. We are grateful 
to the Scientific Advisory Board headed 
by Prof. Bengt Norden for excellent 
scientific advice as well as to the board 
of the Centre headed by Prof. Tom Hem-
ming Karlsson for professional super-
vision. Finally, I want to thank Oslo:Life 
Science and the EU Scientia/Marie 
Skłodowska Curie program coordinat-
ed by Prof. Hilde Nebb for extensive 
financial contributions to the Centre.

Organ-on-a-chip tech-
nology requires an interplay 
of supervised differentiation 
protocols, microfluidics, 
tracking technology, inte-
grated bioinformatics as 
well as ethical supervision

Figure left: Pumpless recirculation Organ-
on-a-Chip (prOoC) platform featuring two 
perfusion channels (venous – blue, arterial 
–red) and two organ chambers.

Figure middle: Developed vascularized 
and zonated liver model used to model 
liver-fibrosis on-chip.

Figure right: Set of different readout/
imaging methods applicable on the 
prOoC platform.

Hybrid Technology Hub 
Annual report 2021 5Hybrid Technology Hub 

Annual report 20214



Research
groups

Hybrid Technology Hub 
Annual report 2021 7

Research groups



“Coming from a developmental biology background 
we apply principles of self-organization to improve 
iPSC derived organ representations that are com-
patible with scalable drug interrogation”

Direct LC-MS on organoids:
In a close collaboration with the S. Wil-
son lab. we have further improved LC-
MS protocols for organoids and are now 
able to take direct measurements of 
phase I metabolism from both iPSC 
derived liver organoids and benchmark 
adult liver spheroids using direct elec-
tromembrane extraction based mass 
spectrometry (dEME-MS). dEME-  MS 
comprises electrophoresis of selected 
small molecules from an organoid con-
taining culture chamber across an oil 
membrane to a mass spectrometry com-
patible solution. This enables clean and 
scalable micro-extraction of drugs and 
their metabolites as produced in the 

Stefan Krauss
Centre Director

qRamanomics, to qualify RSI as a tool 
for quantitative chemotyping by abun-
dance and distribution of major classes 
of biomolecules. We applied qRama-
nomics to 3D liver organoids to assess 
specimen variation, chemo metric dis-
tribution, and maturity. We then demon-
strated the utility of qRamanomics for 
identifying bio molecular response sig-
natures from a panel of liver altering 
drugs, probing drug-induced composi-
tional changes in 3D liver organoids 
followed by in situ monitoring of drug 
metabolism/accumulation. A manuscript 
has been submitted (Lalone et al. sub-
mitted).

A zonated liver-on-a-chip platform:
Coming from a developmental biology 
background, the lab. works towards an 
improved structure and functionality of 
liver organoids, and hence better phys-
iological representation of the human 
liver. The liver is shaped by morpho-
genetic signals from the central vein and 
the portal triade. Identifying these sig-

Krauss group
Developmental pathways  
and chemical biology

complexity of mature organs. A poten-
tial alley to reach higher tissue com-
plexity is to develop organs in their 
naïve embryonic 3D tissue context. 
Towards this goal we have established 
a gastruloid sub-group that develops 
anteriorized mouse and human gastru-
loids with the aim of reaching organ 
induction. The groups is supported by 
two Marie Skłodowska Curie fellowships.

WNT inhibitor development:
The laboratory has a long track record 
on morphogenetic signals and chemical 
biology. Using chemical biology we 
have further improved our leading WNT 
signaling inhibitor series (Leenders et 
al., 2021; two patents) which is now be-
ing tested by two international pharma 
companies with the aim of a license 
agreement. We have further explored 
response signatures for tan kyrase in-
hibitor treatment (Mygland et al., 2021; 
Olsen et al., 2021) and potential thera-
peutic models (Zhang et al., 2021) while 
we started testing the inhibitors in our 
organoid models with a particular focus 
on fibrosis. The work is a collaboration 
with the L Lehtio lab. and Symeres Inc. 

nals, and applying them for directing 
organoid development has been a major 
challenge. Using iPSC derived hepato-
cyte lineages, endothelial lineages, stel-
late cells and cholangiocytes we have 
achieved stable features of zonation and 
zone specific differential response to 
fibrotic challenges (Aizehshtadt et al. 
manuscript in preparation). The work 
is a collaboration with the E. Melum 
lab. As a next step, we are now integrat-
ing liver organoids in a novel direction-
al microfluidic platform that has been 
developed in our group (Busek et al., 
2021; Busek et al., manuscript in prepa-
ration; patent pending) and is currently 
scaled up in collaboration with the N 
Gadegaard lab. In a collaboration with 
the H Scholz lab., we furthermore work 
towards combining liver and islet or-
gnoids “on chip” to model metabolic 
interactions.

Gastruloid development:
Common organoid technology is based 
on individual iPSC derived lineages 
that are combined to 3D structures. 
However, despite significant progress 
in organoid and organ-on-a-chip tech-
nology it remains challenging to achieve 
the high physiological and histological 

liver organoids to capillary liquid chro-
matography-mass spectrometry with 
minimal sample variation (Skottvold et 
al., 2021). 

Raman based chemometric  
imaging on liver organoids:
Direct tracking of maturation and met-
abolic activity of organoids is an im-
portant goal. Raman spectral imaging 
(RSI) allows high-content, label-free 
detection of tell-tale biomolecules, but 
requires reliable quan t ification of de-
convoluted spectra to unfold its full 
potential. In a close collaboration with 
the M. Stevens lab., we developed an 
integrated bioanalytical methodology, 

Figure: Relative abundance [a.u.]  and distributions of retinyl 
palmitate and retinoic acid demonstrate decrease of retinyl palmitate 
– a storage form vitamin A in the steatosis group. In the organoids 
without HSC none of retinoid forms were detected (RSI data).

Figure: RSI reveals altered abundance and distribution of cytochrome 
C in control (upper) and increased lipids accumulation in steatotic 
iPSC-derived liver organoids.

Aims: The Krauss lab. 
works on methods
to improve the spatio- 
temporal development 
of advanced organoids 
and on methodology
for interrogating these 
organ representations.
STEFAN KRAUSS
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“We are a part of an international effort to improve 
islet organoids development towards faithfully  
exhibiting glucose-responsive insulin secretion”

Scholz group
Islets

Generation of beta cells 
from iPS cells 
We have establish state of the art pro-
tocol for direct in vitro differentiation 
of human iPS to insulin-producing cells 
at the HTH core facility (collaboration 
with Prof. Helge Ræder at UiB). Impor-
tantly, we revealed that in vitro gener-
ated beta cells still show metabolic 
abnormalities. In line with this, we 
further investigated the impact of glu-
cose levels on iPS differentiation and 
identified a beneficial effect on the KATP 
activity, although on the cost of the mi-
tochondrial respiration ability. Accord-
ingly, further modification of the  
differentiation protocols will be in-
vestigated.  

Development of islet organoids 
Adult cells and human pluripotent stem 
cells (PSC) can be used to generate islet 
organoids that can be used for drug 
screening and regenerative medicine. 
However, the cellular architecture and 
the cell type diversity of primary islets 
has shown to be difficult to imitate. In 
a new project we aim to improve islet 
organoids to have further improved 

functional characteristics by means of 
being glucose-responsive and insulin 
secreting. Extracellular matrix plays  
a crucial role for providing functional 
support to the cells and endothelial cells 
are needed to form the islet vascular 
structure. We therefore currently explore 
the ability to incorporate stromal cells 
and HUVEC in human organoids. 

Beta cell replacement therapy:
Pancreatic islet transplantation has 
proven to be a viable clinical option for 
a selected group of diabetic patients, 
but the long-term success of the proce-
dure is limited by graft loss due to 
micro- environmental stress. Adi-
pose-derived stem cells (ASC) are 
known for their beneficial impacts on 
islet viability and function. However, 
there is lack of a method that allow 
generation of a composite graft of islets 
and ASC. We have developed a method 
that use ASC to promote islet graft vi-
ability and function in a transplantable 
scaffold using 3D bioprinting. This 
model will also be used to improve the 
generation of islet organoids on chip.

Hanne Scholz
Vice Director

The group collaborates within HTH 
with the Steven R. Wilson group on 
ultrahigh-performance liquid chroma-
tography-mass spectrometry, the Espen 
Melum group on cholangiocyte orga-
noids, the Stefan Krauss group on de-
velop the islet-on-a-chip format, with 
Molly Stevens on sensor development 
and with Simon Rayner Group on the 
bioinformatics.

Figure: Illustration of the method of 3D bioprinting islets and adipose derived stem cells (ASC) 
for diabetes research. The bioprinted scaffolds are tested using in vitro and in vivo experimental 
methods for specific targets. Credit: Shadab Abadpour. Created with Biorender.com

Figure: Illustration of the stem cell differentiation of human pluripotent stem cells towards  
insulin producing beta cells. Credit: Chencheng Wang. Created with Biorender.com

The Scholz group works on 
develop and establish new 
cell therapies for treating 
diabetes focus on experimen-
tal, translational and clinical 
studies. In line with this, the 
group develop islet organoids 
for study metabolism and 
diabetes on chip. 
HANNE SCHOLZ
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Molly Stevens group
Imaging and sensor  
technology

“Quantitative chemometric Raman spectroscopy  
on 3D liver organoids, interrogating their state 
of maturation and response to drug challenges, 
provides a fundamental novel tool for supervising 
organoid development”

Molly Stevens
Principal Investigator

are working on a Localized Surface 
Plasmon Resonance (LSPR) insulin sen-
sor to explore the fundamental biology 
of insulin secretion. We built an LSPR 
chip on glass, with channels function-
alised by plasmonic nanoparticles, e.g. 
gold nanorods or nanospheres, deco-
rated with affibodies. There are tai-
lor-made affinity proteins based on the 
insulin receptor-binding domain. We 
evaluated the performance of the LSPR 
chip on commercially available insulin 
and we will further validate the sensor 
on the secretion from pancreatic islands 
and organoids in an organ-on-a-chip 
system.

SERS reporters
We are using Surface-enhanced Raman 
Spectroscopy (SERS) for imaging 
healthy and steatotic liver organoids. 
We have now developed SERS reporters 
empowered by nanoneedles to increase 
sensitivity. The substrates consist of  
a nanoneedle base and a plasmonic 
cover (gold nanoparticles or gold na-
noislands) to combine the advantages 
of nanoneedles as a biosensing system 
and plasmonic properties for super res-
olution SERS. These nanostructures 
will be applied for further investigation 
of Raman-based drug measurement 
feasibility in 3D liver spheroids by 
measuring the complex secretome of 
liver organoids.

Optogenetics
We have been working on the optoge-
netic stimulation of iPSC-derived cells 
and organoids for their spatiotemporal 
control. An iPSC line with light-sensi-
tive ion channels has been established 
using lentiviral transduction, and it has 
been confirmed that optogenetic iP-
SC-derived cardiomyocytes could be 
manipulated by light. In addition, we 
have developed polymersome-based 
artificial organelles producing biolu-
minescence for optogenetic stimulation 
and demonstrated that the intracellular 
bioluminescence can be coupled to op-
togenetically engineered cardiomyo-
cytes, allowing modulation of cardiac 
beating frequency. We are expanding 
our research to investigate organoid 
differentiation of the optogenetic iPSCs.

SPARTA®
We conducted first trials to use our pat-
ented Raman-based nanoparticle char-
acterisation technique SPARTA® to 
analyse organoid derived EVs. We took 
samples from normal and steatosis 
spheroids and purified EVs from their 
culture media using EV purification 
techniques established within the  
Stevens group based on ultrafiltration 
and size exclusion chromatography. We 
found that the concentration of EVs that 
could be obtained was very low, which 
precluded direct SPARTA®. SPARTA® 
requires a quite high concentration  
(approx. 5·1010 - 1·1011 p/mL) as the 
trapping is based on natural diffusion 
of the particles into the laser confocal 
volume for measurement (<1 fL).  

In addition, a standard SPARTA® meas-
urement takes about 200 µL, which can 
be partially recovered. While it is pos-
sible to increase the concentration using 
further ultrafiltration methods, the vol-
ume requirement is prohibitive where 
sample amounts are small and difficult 
to source. We therefore set out to rede-
sign the sample interface to allow for 
a significant reduction in volume re-
quirements. We designed a switch from 
the current ‘free droplet’ immersion 
mode to a non-contact mode sampling 
a droplet contained into a small well, 
creating a well volume of 20-25 µL which 
is up to 10 times smaller than the con-
ventional 200 µL requirement.  This 
new design will enable us to continue 
investigating organoid-derived EVs as 
potential biomarkers of drug response.

Microfluidic platform
We are developing two types of micro-
fluidic platforms that allow spatial  
control over morphogens to regulate 
organoid growth. The first is a micro-
fluidic gradient chip that can generate 
morphogen gradients in a organoid 
culture chamber. The organoid cultured 
in the chamber with morphogen gradi-
ents is expected to form polarized or-
ganoids with multi-regional identities. 
We have finished the establishment of 
the microfluidic chip, evaluated the 
generated gradient, and we are now 
testing the organoid culture within this 
chip. The second is a microfluidic tub-
ing system that can be embedded with-
in organoids for nutrient supply and 
morphogen patterning. We have opti-
mized the stem cell seeding, adhesion, 
embryoid body formation on the mi-
crofluidic tubing system. We expect 
that the microfluidic tubing system will 
reduce necrotic core formation by de-
livering nutrients to the center of the 
organoid, and will control organoid 
morphogenesis through engineered 3D 
patterning of morphogens. 

Photo: High-resolution 3D Raman chemical 
imaging showing molecular distribution in 3D 
liver organoids: nuclei (yellow), neratinib 
drug (cyan), lipid droplets (magenta). Scale 
bar, 10 µm.

Photo: Intracellular uptake of bioluminescent 
polymersome-based artificial organelles 
(pink) for optogenetic modulation of cardio-
myocytes. Scale bar, 50 µm.

Raman spectral imaging
In an ongoing collaboration between 
the Stevens and Krauss groups we de-
veloped a quantitative chemometric 
imaging tool harnessing the high-con-
tent, label-free biomolecular detection 
of Raman microspectroscopy: qRama-
nomics. We were able to quantitatively 
chemotype the biomolecular spatial 
distribution on 3D liver organoids in-
terrogating their state of maturation 
and response to drug challenges. We 
demonstrated the utility of our tech-
nique for characterising the biomolecu-
lar response signature of 3D liver or-
ganoids in response to a panel of drugs 
with reported impact on hepatocytes. 
Our collaborative work resulted in  
a manuscript currently under consider-
ation.

Sensor systems
Following up on our previous develop-
ment of tools and techniques to moni-
tor the functionality of organoids, we 

The central aim of the Stevens 
group is to develop imaging 
and sensing technology for 
organ-on-a-chip and organoids
HANNE SCHOLZ

Hybrid Technology Hub 
Annual report 2021

Hybrid Technology Hub 
Annual report 202112 13

Research groupsResearch groups



Simon Rayner group
Computational Biology

“Linking a blockchain based metadata quality 

control system, a private cloudlike storage 

system and a version control system is an 

important milestone towards FAIR-like data 

sharing in interdisciplinary research environments”

The GADDS platform
A core task for the Hybrid Technology 
Hub is achieving a level of adherence 
to the Findable, Accessible, Interoper-
able and Reusable (FAIR) principles to 
support effective data management in 
the Centre. This has two purposes:  
(i) to promote effective sharing of re-
search output from the Centre, (ii) to 
facilitate effective data sharing within 
the Centre to promote collaborations 
among Centre partners. However, im-
plementing a FAIR-like framework is 
challenging, requiring awareness of 
metadata, policies, community agree-
ments, and other factors such as vocab-
ularies and ontologies.

GADDS is primarily being developed 
for organ-on-a-chip technology but is 
applicable to any environment with 
scalable data sharing needs. The plat-

form consists of (i) a blockchain based 
metadata quality control system, (ii)  
a private cloudlike storage system and 
(iii) a version control system. The plat-
form is deployed as a Docker Swarm 
cluster, providing minimal hardware 
standards and easing scalability. 

GADDS is currently hosted on servers 
at the University of Bergen, Oslo Uni-
versity Hospital and Imperial College, 
University of London. Each organization 
hosts a Blockchain service provided by 
Hyperledger Fabric which provides 
peers nodes responsible for metadata 
validation (to ensure quality control) 
and metadata storage. The correspond-
ing data is stored on a privately main-
tained cloud provided by MinIO, where 
data is split and replicated across the 
storage infrastructure. The version con-
trol system is provided by the Distrib-

Simon Rayner
Principal Investigator

uted Version Control (DIVECO) software 
tool (also developed within the HTH) 
and secure access to the platform is 
through a web browser. 

The platform is now in an alpha test 
phase where we are testing GADDS with 
(meta)data from a series of experiments 
to produce hydrogel fibres. These ex-
periments are conducted by the Tissue 
Engineering group within the Hybrid 
Technology Hub and the Sensors group 
in the Department of Physics at UiO. 
The experiment involves two phases: 
Phase 1 (Manufacture) involves fabri-
cation of a core-shell microfibre and 
Phase 2 (Measurement) involves char-
acterization of the generated fibres 
using optical micro scopy. Based on the 
microscopy data, the fabrication process 
can be revised, repeated and recharac-
terized, and the process repeated in an 

Figure: Schematic of a basic implemen-
tation of the architecture used in the 
GADDS platform. The platform is deployed 
as a Docker Swarm cluster distributed across 
three organizations (Imperial College London; 
Oslo University Hospital, Oslo; and University 
of Bergen, Bergen). Each organization hosts 
a blockchain service provided by Hyperled-
ger Fabric with two peer nodes, each of 
which are responsible for metadata validation 
(to ensure quality control) and metadata 
storage. The corresponding data is stored 
on a privately maintained cloud provided 
by MinIO, where data is split and replicated 
across the storage infrastructure. The version 
control system is provided by the Distributed 
Version Control (DIVECO) software and 
secure access to the platform is through 
a web browser. 

iterative manner. Metadata standards 
are defined using an extended version 
of the Dublin Core standards and 
GADDS verifies that all required meta-
data is provided before it is added to 
the Blockchain, ensuring annotation 
quality and a level of adherence to FAIR 
standards. This work has been submit-
ted to the Bio informatics journal and 
is currently under revision.

The Computational Biology Group at 
Oslo University Hospital also assists 
with analysis of data collected by  
Centre members. In particular, we use 
our FAIR-like pipeline for investigation 
of next generation sequencing data col-
lected from various organoids during 
the differentiation procedure.

Aim: To develop a Globally 
Accessible Distributed Data 
Sharing (GADDS) platform 
for scalable FAIR-like data 
sharing in interdisciplinary 
research environments.
SIMON RAYNER
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“The convergence of our techniques defines  
a procedure of industrial scalability, very high speed 
and extremely low cost, enabling the development 
of hundreds of identical OoC devices within the 
time frame of less than a single working day”

Scalable organ-on-a-chip 
develop ment:
During the past year, the Biomedical 
Interfaces at Glasgow (BIG) Research 
Group expanded its work on the devel-
opment of novel techniques for design-
ing and manufacturing organ-on-a-chip 
devices (OoC). These techniques revolve 
around four major components: 1) finite 
element simulation of microfluidic  
environments, to expand our knowledge 
and enhance the design procedure of 
devices, 2) 3D printing, as a precise, 
quick, and accessible tool for manufac-
turing microfluidic tooling, 3) injection 
moulding, to mass produce micro fluidic 
parts and 4) ultrasonic welding, to rapid-
ly and con sistently seal parts together, 
later to be used for OoC applications.  

Finite element modelling is a powerful 
tool, well-established in the simulation 
and research of a wide variety of bio-
medical applications. Previous work in 
the lab, performed by Duarte Menezes 
(PhD Student, University of Glasgow), 
had been done towards designing  
a device capable of accurately generat-
ing oxygen gradients analogous to those 
present in e.g. the human liver, by using 

finite element modelling. This year, the 
respective work was further consoli-
dated and materialized into the pub-
lishing of a research paper [1]. Finite 
element modelling was then expanded 
further, towards simulating the use of 
porous membranes in microfluidic de-
vices. The generated results provide 
extensive guidelines on fluid dynamics 
and transport of diluted particles, to-
wards aiding the design of OoC devic-
es meant for replicating in vivo tissue 
barrier interfaces, such as the gut epi-
thelium, lung, and liver. Parallel to finite 
element modelling, work has been car-
ried out by Neil Convery (PhD Student, 
University of Glasgow) towards a rapid 
manufacturing process for microfluid-
ic devices based on 3D printing, injec-
tion moulding and ultrasonic welding. 
The convergence of these techniques 
defines a procedure of industrial scal-
ability, very high speed and extremely 
low cost, enabling the development of 
hundreds of identical devices within 
the time frame of less than a single 
working day – from CAD design to in-
jection moulded parts [2]. Systematic 
studies were performed to understand 
the accurate translation between Com-

Gadegaard group
Chip design group

puter-Aided Design (CAD) and resulting 
3D printed polymeric parts, and there-
fore, provide greater control over  
feature geometry and device manufac-
turability. These 3D printed inlays are 
then used for injection moulding, where 
their durability was tested and optimized 
to wards enduring multiple injection 
moulding cycles. A total of 500 parts 
were achieved without damaging the 
inlays, which therefore ensured the du-
rability of the developed 3D printed 
inlays. As the final stage of the manu-
facturing procedure and responsible for 
sealing the parts together into a robust 
chip, the impacts and implications of 
ultrasonic welding were also studied. 
Research was mainly focused on inte-
grating and defining the geometric 
profile of narrow features, known as 
energy directors, to optimize the seal-
ing between parts. 

Nikolaj Gadegaard
Principal Investigator

Figure 3: Microscopic image of ultrasonic 
welded microfluidic channels, running  
different coloured food colouring to  
demonstrate the separation and sealing 
obtained between the domains of the device.

Figure 2: a) Data obtained from finite element modelling, characterizing the relationship 
between parameters defining a microfluidic bilayer device with incorporated porous  
membrane, and respective variables of interest for OoC applications; b) demonstration  
of how the orientation of prints affects the cross-sectional profiles of printed ridges, as well  
as an optical clarity target imaged through parts moulded from unpolished and polished 
inlays; c) relationship between the dimensions as designed and printed, for features of 100 
and 200 µm deep respectively; d) sealed microfluidic device filled with food colouring dye;  
e) microscopic images of details within the respective microfluidic device, demonstrating  
the sealibility of its channels. 

Figure 1: a) Numerical simulation of  
Liver-on-a-Chip and respective oxygen 
concentration distribution. The established 
gradient is presented in orange; b) 3D  
printed inlay used for injection moulding;  
c) Injection moulded parts, representing  
both top and bottom channels respectively, 
for a membrane-on-a-chip device; d) scan-
ning electron microscope (SEM) images  
of different channels’ cross sections, sealed 
together using two different energy director 
designs.

Aims: To produce a low 
cost scalable Organ-on-
a-Chip platform.
NIKOLAJ GADEGAARD
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Sullivan group
Organoid development

Gareth Sullivan
Principal Investigator Liver organoids:

During the last year we have been re-
fining our 3D tissue models of liver. We 
have further refined our scalable liver 
organoid model, which has now been 
the subject of a patent through Inven2 
(PCT/IB2021/000781). We have initiat-
ed a number of collaborations to exploit 
our liver organoid system. This includ-
ed exploring the utilisation of the or-
ganoids in toxicology combined with 
novel mass spectroscopy approaches 
with Prof. Steven Wilson, which has 
resulted in a publication. We have suc-
cessfully modelled vitamin K depend-
ent coagulation in the dish with Prof. 
Per Morten Sandset and Dr. Maria 
Chollet (UiO), which has resulted in  
a paper now in review. This work is now 
being expanded to elucidate the under-

lying disease mechanisms in patient 
derived material in order to identify 
druggable targets and in addition using 
CRISPR based repair to generate autol-
ogous material for cellular therapy. We 
have an international collaboration with 
Prof Niels Bent Larsen at DTU (Copen-
hagen) where we have produced liver 
on a 3D printed chip format to produce 
functionally long lived liver tissue 
chunks, resulting in a paper now in re-
view. We also have been exploring the 
integration of our “mini livers” with 
organ-on-a-chip technology, with  
a commercial partner. We have also 
integrated organoids onto a microflu-
idic device providing proof of concept 
that the organoids can survive long term 
in the device in collaboration with Prof. 
Nikolaj Gadegaard (Glasgow U), also 

“We aim to transit from non-physiological 2D mod-
els to appropriate 3D microenvironment that allow 
the establishment of more complex and importantly, 
physiologically relevant systems”

a)

b)

c)

resulting in a publication. In collabo-
ration with Prof. Anne Simonsen (UiO) 
we have used the early points in the 
production of hepatic endoderm to un-
ravel key aspects on the regulation of 
cell fate from pluripotency and what 
are the potential drivers of exit from 
pluripotency to a somatic fate, this has 
resulted in a high impact publication. 

hiPSC derived adipose tissue:
In parallel, we have developed meth-
odologies to produce white adipose 
tissue from hiPSC derived mesenchymal 
stem cells (MSCs). In short we have  
derived hPSC derived MSCs via an ex-
pandable neural crest intermediate 
population (this allows scaling). The 
resulting MSC population are also ex-
pandable and can also be cryopreserved. 

We have developed a robust protocol 
that directs neural crest derived MSCs 
to white fat. The resulting white fat 
population express adipogenic markers, 
as well as key cytokine receptors. The 
fat also produce fat specific cytokines 
and adipokines as assessed against  
a multiplexed detection panel. Impor-
tantly, the adipocytes accumulate fat 
droplets over time. In an ongoing col-
laboration with Prof. Volker Lauschke 
(Karolinska Institutet, Sweden) and Prof. 
Philippe Collas (UiO), we have (Saphi-
ra Baumgarten, PhD candidate) bench-
marked the hiPSC derived white fat 
against human primary material. This 
now has now resulted in a manuscript 
ready for submission. 

Photo: hiPSC dervied liver organoids stained with HNF4a. Photo: Sean Harrison

The Sullivan laboratory  
focuses on the development 
of complex tissue models 
using human pluripotent 
stem cells (hiPSCs), to dissect 
the molecular mechanism 
of disease, provide tools for  
cellular therapy, drug dis-
covery, and ultimately to 
provide therapies for patients.
GARTETH SULLIVAN

Hybrid Technology Hub 
Annual report 2021

Hybrid Technology Hub 
Annual report 202118 19

Research groupsResearch groups



Solbakk group
Ethic of organoids

Jan Helge Solbakk
Principal Investigator

“What are its promises of organoid and organ-
on-a-chip technology in precision medicine, what 
are the underlying assumptions and is the vision 
credible and responsible”

Organoids in precision medicine:
We address the question on organoid 
and organ-on-a-chip technologies in 
the context of precision medicine where 
the number of people with a condition 
may be so small that commonly used 
methods such as randomized controlled 
trials (RCTs) may not work.

Through the year, work has been fo-
cused on a paper on the vision of pre-
cision medicine in the organoid and 
organ-on-chip field(s) together with 
assistant professor Sara Green from the 
University of Copenhagen. This paper 
will map and critically examine the sci-
entific and theoretical underpinnings 
of this vision: What are its promises, 

what are the underlying assumptions 
and is the vision credible and responsi-
ble. This is a form of vision assessment, 
looking at technologies that are mostly 
in the future and not yet realized.  
Organoids and organ-on-a-chip, are to 
a large extent such technologies, at least 
when it comes to direct clinical appli-
cations on patients. The WP6 is in this 
regard performing cutting edge health 
technology assessment. 

This work on the vision of precision 
medicine in organoid and Organ-on-a-
Chip research has been linked to the 
EU- HYBRIDA project, Regulating or-
ganoid research, which seeks to embed 
a comprehensive ethical dimension to 

organoid-based research and related 
technologies. HYBRIDA is a large, pres-
tigious European Commision SWAF 
(Science With and For Society) project 
that was recently funded in part due to 
its links to the Hybrid Technology Hub 
– Centre of Excellence.

The group has also worked on and (in 
January 2022) published a paper on the 
epistemology (how we know what 
works) in precision medicine in the 
well-regarded Journal of Evaluation in 
clinical practice. The paper is entitled 
How precision medicine changes medical 
epistemology: A formative case from 
Norway. Even though is takes as its 
point of departure a prominent case of 

cancer medicine, which has caused 
much debate in Norway, it works on the 
epistemological question that is asked 
in WP6 (which is general to all precision 
medicine). 

Additionally, postdoc Henrik Vogt has 
made final work on a book chapter on 
uncertainty, and how it in some ways 
may be seen to increase, in precision 
medicine. The chapter, called “The 
Precision paradox”, will be published 
in a book edited by prof Michael Barilan 
from Israel (publisher Oxford Univer-
sity Press). It has been two years in the 
editing process, but was published  
finally in early 2022.

The ethics group is  working 
on the philosophy of precision 
medicine in relation to organ-
on-chip technology
JAN HELGE SOLBAKK
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Steven Wilson
Principal Investigator

Steven Wilson group
Mass Spectrometry

“The combination of the centre’s organoid models 
and mass spectrometry develops in to an important 
tool for drug discovery/development, as well as for 
fundamental studies of organ biology”

Electromembrane extraction (EME):
In 2021, the Wilson group has continued 
with its efforts in combining organoids, 
Organ-on-a-Chip and mass spectro-
metry. Mass spectrometry is one of the 
most powerful analytical techniques, 
and is used to identify and measure drug 
metabolism, as well as endogenous  
biomolecules such as metabolites, lipids 
and proteins. 

To combine organoids/organ-on-a-chip 
with mass spectrometry, a hyp hen ated 
system must feature solutions for  
securing robustness and sensitivity. To 
allow targeted compounds to enter the 

mass spectrometer for measurements, 
and hinder unwanted compounds to 
enter (which may perturb the analysis), 
the Wilson group applies electromem-
brane extraction (EME). EME is essen-
tially electrophoresis across an oil 
membrane, and can be fine-tuned to 
allow specific analytes to be extracted 
from the organoid samples to mass 
spectrometry (MS). 

When compounds are extracted from 
organoid samples using EME, the com-
pounds must be individually measured 
with high sensitivity. The Wilson group 
ensures maximum sensitivity by  
employing miniaturized liquid chro-
matography (LC) to separate compounds 
prior to MS with minimal dilution  
effects.  

The Wilson group has built EME/LC/
MS for testing drug metabolism in  
liver organoids, in collaboration with 

several groups at the University of Oslo/
Oslo University Hospital, including Dr. 
Inger Lise Bogen and Professor Stig 
Pedersen-Bjergaard, Gareth Sullivan, 
Stefan Krauss and other members  
of the Centre.  The collaboration be -
tween developmental biology, medicine, 
toxicology, chemistry and pharmacy is 
highly multidisciplinary, re flecting the 
nature of the Centre.

One key publication in this collabora-
tion include “Electromembrane Extrac-
tion and Mass Spectrometry for Liver 
Organoid Drug Metabolism Studies”, 
which was published in Analytical 
Chemistry (American Chemical Socie-
ty) which featured the above-mentioned 
team as well as international partners. 

Another key publication is “Direct Elec-
tromembrane Extraction-Based Mass 
Spectrometry: A Tool for Studying Drug 
Metabolism Properties of Liver Organ-

oids”, published in Analysis and Sens-
ing. In this paper, liver organoids and 
mass spectrometry were coupled  
directly for the first time, i.e. an organ-
on- a-chip/mass spectrometry hyphen-
ation.

Wilson has been communicating the 
results both in scientific meetings (e.g. 
selected speaker for the European  
Organ-on-Chip Society meeting 2021) 
and also for the general science-inter-
ested population.

In addition to working with liver organ-
oids, Wilson and his team are also work-
ing on coupling mass spectrometry with 
pancreas-on-a-chip, together with PI 
Hanne Scholz. Their first findings will 
be published in 2022.

Figure A) Illustration of a side-viewed cross-section of the 
supported liquid membrane (SLM) at the center of the chip. 

Figure B) Top-down photograph of the electromembrane 
extraction (EME) chip assembly.

To combine organoids/- 
organ-on-a-chip with mass 
spectrometry in solutions 
that combine robustness 
and sensitivity
STEVEN WILSON
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Melum group
Experimental liver 
research group

Espen Melum
Associated partner

“Demonstrating the regenerative potential of chol-
angiocyte organoids both in mouse models and 
in human livers on an ex vivo circulation machine 
was a major milestone of our work hitherto“

Bile-duct-on-a-chip
In 2021 we worked on integrating bile 
duct organoids on a bile-duct-on-a-chip 
system together with the rest of the team 
at the Centre of Excellence Hybrid Tech-
nology Hub. For this we have use two 
different approaches with both the reg-
ular chip-based system and colla-
gen-based channels. From our group 
postdoc Anna Frank has the main re-
sponsibility for these projects with close 
assistance from senior scientist Kari 
Otterdal. As part of our long-standing 
collaboration with Ludovic Vallier and 
Fotios Sampaziotis we have had a cen-
tral role in a project demonstrating the 
regenerative potential of cholangiocyte 
organoids both in mouse models and 

in human livers on an ex vivo circulation 
machine that was published in Science 
in February 2021. The staff working 
with the chip-based project was expand-
ed in 2021 and Enya Isaksen-Amundsen 
was hired as a technician to work with 
organoids in June, this position is  
partly funded by the Research Institute 
of Internal Medicine and partly by  
innovation funding from the University 
of Oslo. The project on single-cell  
sequencing of cholangiocyte organoids 
generated from brushings of the bile 
ducts were finalized in 2021 generating 
important insight into the cell-materi-
al we use in the chip. In June 2021 the 
project INFLAMMABILE was funded 
with 12 mill NOK from the Research 

Council of Norway that enabled the 
recruitment of senior scientist Brian 
Chung who will work on integrating 
sequencing-based and advanced imaging 
technologies in both murine and human 
bile duct inflammation. Our first paper 
on spatial transcriptomics was finished 
in 2021 and demonstrates that spatial 
data can be combined with regular 
single- cell sequencing to determine 
cellular content in the inflamed liver. 
We also used this technique in murine 
models with bile duct inflammation in 
2021. 

The bile-duct-on-a-chip project re ceived 
funding from the patient organization 
PSC partners in 2021 based on an ap-

plication from Prof. Tom Karlsen (head 
of the Norwegian PSC center) and Dr. 
Anna Frank that will greatly facility the 
integration of the chip-based technol-
ogies with patient material. At the end 
of 2021 the recruitment for the first of 
two postdocs in the Research Council 
of Norway DUCTchip project was ini-
tiated that will lead to a great expansion 
of this project package in 2022.

Figure: Tissue localization of cell types 
to parenchymal and fibrotic liver regions 
classified by spatial transcriptomics.

The main aim of our research 
is to understand mechanisms 
regulating cholangitis with  
a clear focus on immunology 
with the aid of technological 
advances in the field of  
regenerative medicine.  
Our tools to achieve this aim 
is to use patient material, 
animal models, advanced 
cell-culture in terms of 
organoid technology and 
organ-on-a chip systems. 
ESPEN MELUM
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In this project, we are establishing and 
developing a first iteration of a tumor-
on-a-chip platform. A tumor micro-
environment (including cancer cells, 
fibroblasts, endothelial cells, and var-
ious types of immune cells) are being 
recreated in microfluidic devices (chips) 
as 3D co-cultures in biomimetic hydro-
gel. Cell interactions and key processes 
such as cell division and death are vis-
ualized over several days by high-con-
tent video-microscopy. Using an in-built 
perfusion system, the effect of drugs 
on the tumor microenvironment is  
being monitored live minute-by-minute. 
In 2021, we have established functional 
in vitro assays to investigate three key 
functions of macrophages. We have also 
established a tight collaboration with 
Luca Businaro (Rome, Italy), a pioneer 
in tumor-on-a-chip technology, who is 
providing chips of his design for the 
experiments and helping to establish 
the technology in Oslo. 

Corthay group
Immunology

The Corthay group works on a platform that allows  
to reconstruct an Immunocompetent Micro-
environment on a chip.

Alexandre Corthay
Associated partner

Figure: The figure shows the immune competent chip. Using innovative molecular 
tools, protocols for macrophage activation are being established in vitro and in a 
complex microenvironment on-a-chip.

Activating antitumor
macrophages in vitro

Activating antitumor
macrophages on-a-chip
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Team members
2021

Stefan Krauss
Centre Director

Haakon Berg Johnsen
Administrative coordinator

Hanne Scholz 
Vice Director

Petter Angell Olsen 
Facility manager

Management

Nikolaj Gadegaard

Steven Wilson

Molly Stevens

Jan Helge Solbakk

Gareth Sullivan

Stefan Krauss

Simon Rayner 

Hanne Scholz

Principle Investigators

Alexandre Corthay Espen Melum Jo Waaler

Associated Partners Project leader
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Pavel Vazquez

Anna Frank

Vernon LaLone

Alexandra  
Aizenshtadt

Shadab Abadpour

Olga Bibikova

Kayoko Shoji

Mathias Busek

Jelle Penders

Sergei Ponomartcev 

Sean Harrison

Cecil Echalier

Hyemin Kim

Henrik Vogt

Thomas Combriat

Postdoctoral fellows 
and researchers

Saphira Felicitas  
Baumgarten

Mikel Amirola  
Martinez

Frøydis Sved  
Skottvoll

Chencheng Wang

Steffen Nøvik

Dongho Daniel Kwak

Essi Niemi

Neil Convery

PhD candidates

Ludivine Delon Stian Kogler Ingrid Wilhelmsen Duarte Menezes Shoshy Mahmuda

Technicians

Justyna Stokowiec Lydia Busek
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Synergies

The HTH-CoE is designed to enhance 
synergies amongst the partners while 
converging towards the common goal 
of complex organ representations.

Towards that goal, we have initiated an 
interdisciplinary platform to guide the 
research in the different laboratories. 
Centrally in these efforts are the PIs, 
post-doctoral researchers and PhD  
students from Oslo, Imperial and 
Glasgow that meet weekly to present 
and discuss their projects. From this 
common space, several sub-groups have 
formed that work on integrated projects.

Integrated projects with published 
work include: 
Development of a directional micro
fluidic platform involving Mathias 
Busek (Marie Curie-Skłodowska fellow) 
for platform design, Neil Convery, Du-
arte Menezes for platform upscaling and  
various PDs and PhDs for biological  
applications including Aleksandra 
Aizhenshtadt (liver), Mikel Martinez (en-
dothelial cells), Anna Frank (bile duct), 
Shadab Abadpour and Chencheng Wang 
(Islet). On the PI level, Stefan Krauss, 
Hanne Scholz, Espen Melum, Gareth 
Sullivan and Nikolaj Gadegaard are in-
volved. The project has led to three arti-
cles in 2021 (doi: 10.3390/bios11050162; 
DOI: 10.1002/mame.202100464; doi: 
10.1002/cnm.3445) while further man-
uscripts are in preparation.

Development and characterization of 
iPS derived islets and 3D islet/ASC 
printing protocols involving Shadab 
Abadpour and Chencheng Wang being 
supervised by PI Hanne Scholz with 
collaborations including the Steven 
Wilson and Stefan Krauss labs. This 
work has led to four publications in 2021 
(doi: 10.1007/s40472-021-00333-2;  
doi: 10.1111/tri.13988; doi: 10.3390/
ijms22073698; doi: 10.1097/01.
tp.0000804436.14096.44; doi: 10.1152/
ajpendo.00335.2020) with two manu-
scripts in preparation/submitted.

Development of iPS derived liver  
organoids and characterization by var-
ious advanced technologies including 
scRNA seq and quantitative Raman 
confocal spectroscopy (developed in 
Molly Stevens laboratory) involving 
centrally Aleksandra Aizhenshtadt, 
Kayoko Shoji, Mikel Martinez, Ingrid 
Wilhelmsen, Sean Harrison and Vernon 
Lalone. The main publications of this 
work are still under revision. On the  
PI level, Stefan Krauss, Steven Wilson, 
Gareth Sullivan and Molly Stevens  
are involved. 2021 publications in  
this arena include doi: 10.3389 
 fmed. 2021.574047; doi: 10.1016/j.
jhep.2021.06.021.

Development of an electromembrane 
extraction (EME) based platform that 
allows direct metabolite measurements 
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on liver organoids involving Aleksandra 
Aizhenshtadt, Sean Harrison and Frøy-
dis Skottvoll with PIs Stefan Krauss, 
Gareth Sullivan and Steven Wilson (doi: 
10.1021/acs.analchem.0c05082; doi: 
10.1021/acs.analchem.0c05082).  

An international collaborative study on 
the cholangiocyte organoids in bile 
duct repair, published in Science, has 
been co-authored by PI Espen Melum 
(doi: 10.1126/science.aaz6964).

A study on the impact of autophagy 
on cell fate decisions during lineage 
commitment has been published by PI 
Gareth Sullivan in collaboration with 
national and international partners (doi: 
10.1080/15548627.2021.2008691).

Several articles on the developmental 
WNT signalling pathway inhibitor 
program by the Waaler and Krauss lab 
were published. This program has been 
advanced with both international  
academic and industrial partners and 
is now close to an outlicensing stage 
(doi: 10.1182/blood.2020008720; doi: 
10.1021/acs.jmedchem.1c01264

Finally, the organoid ethics program 
of the Centre has been significantly 
expanded through the Hybrida project 
(SwafS HORIZON2020) with a range of 
international collaborations involving 

Centre PDs Henrik Voigt and Junya 
Shoji supervised by PIs Jan Helge Sol-
bakk (Co-ordinator) and Stefan Krauss.

Integrated projects that have been 
more recently established and have 
not yet led to publication are:
The HTH gastruloid platform that 
aims to develop higher complexity 
organoids through recapitulating an 
embryonic 3D environment. The proj-
ect is advanced by three post-doctor-
al researchers, Håkon Høgset (Marie 
Curie-Skłodowska fellow), Ludivine 
Delon and Sergei Ponomartcev (Marie 
Curie-Skłodowska fellow) and Duarte 
Duarte Menezes. 

A muscle fiber platform, based on 
impedance for metabolic and drug 
testing is being developed by Kayoko 
Shoji and Steffen Nøvik.

An ultrasound stroboscopic imaging 
platform to measure stiffness and sheer 
forces on a sub-cellular level being  
developed by Thomas Combriat and 
Petter Olsen in the frame of a HTH linked 
UiO:LifeScience Convergence environ-
ment with partners Dag Dysthe, and HTH 
PIs Hanne Scholz and Stefan Krauss. 

A ramanbody based chemosensing 
platform is being developed by Olga 
Bibkova for liver organoid metabolism 
as a collaboration between the Stevens 
and Krauss labs.
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International  
collaborations

 ACADEMIC COLLABORATIONS
 Aarhus University
 Armauer Hansen Research Institute
 Chalmers University of Technology
 Chinese Academy of Sciences-Max Planck  

 Gesellschaft Partner Institute for Computational Biology
 Harvard Medical School
 Institut Cochin
 Italian National Research Council 
 Juntendo University School of Medicine
 Karolinska Institutet
 KTH Royal Institute of Technology
 Leiden University Medical Center
 Maastricht University
 RMIT University
 Technical University of Denmark
 The University of Texas Medical Branch
 Université d’Artois
 University of Arizona
 University of Bergen
 University of California
 University of Cambridge
 University of Copenhagen
 University of Helsinki
 University of Illinois at Urbana-Champaign
 University of Natural Resources and Life Sciences
 University of Oulu
 University of Turku
 Univesity of Oslo / Oslo university hospital
 Uppsala University Hospital
 Wuhan Institute of Virology
 Wyss Institute at Harvard University
 Yale School of Medicine / Yale Stem Cell Center

 INDUSTRIAL COLLABORATIONS
 AstraZeneca R&D
 CVMD iMed Bioscience
	 Fibrofind	Inc
 Symeres Inc

Industrial 

Academic
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Publications 2021
307.7: 3D Bioprinting of Functional  
Islets With Adipose-derived Stromal 
Cells in an Alginate/Nanocellulose 
Scaffold 

Abadpour, Shadab; Niemi, Essi Maria; 
Strid Orrhult, Linnea; Parreiras Nogueira, 
Liebert; Haugen, Håvard Jostein; 
Josefsen, Dag; Kvalheim, Gunnar; 
Krauss, Stefan Johannes Karl; Gaten-
holm, Paul; Scholz, Hanne. Transplanta-
tion. 2021 December. 105(12S1):S25-S25 
DOI: 10.1097/01.tp.0000804424.50335.7e

Tissue Engineering Strategies for 
Improving Beta Cell Transplantation 
Outcome 

Abadpour, Shadab; Wang, Chencheng; 
Niemi, Essi Maria; Scholz, Hanne. Current 
Transplantation Reports. 2021 June 25; 
8, 205–219. doi: 10.1007/s40472-021-
00333-2

Mini-organs forum: how to advance  
organoid technology to organ trans-
plant community 

Berishvili, Ekaterine; Casiraghi, Federica; 
Cristiano, Amarelli; Scholz, Hanne; 
Piemonti, Lorenzo; Berney, Thierry; 
Montserrat, Núria. Transplant Internation-
al. 2021 Sep;34(9):1588-1593. doi: 
10.1111/tri.13988

Thermoplastic Elastomer (TPE)-Poly-
(Methyl Methacrylate) (PMMA) Hybrid 
Devices for Active Pumping PDMS-
Free Organ-on-a-Chip Systems 

Busek, Mathias; Nøvik, Steffen; Aizensh-
tadt, Aleksandra; Amirola Martinez, Mikel; 
Combriat, Thomas Michel Daniel; Grünzner, 
Stefan; Krauss, Stefan. Biosensors. 2021 
May 19;11(5):162. doi: 10.3390/
bios11050162.

 
Nicotinamide riboside and metform-
in ameliorate mitophagy defect in 
induced pluripotent stem cell-derived 
astrocytes with POLG mutations 

Chen, Anbin; Kristiansen, Cecilie Katrin; 
Hong, Yu; Kianian, Atefeh; Fang, Fei; 
Sullivan, Gareth John; Wang, Jian; Li, 
Xingang; Bindoff, Laurence Albert; Liang, 
Xiao. Frontiers in Cell and Developmental 
Biology. 2021 Sep 24;9:737304. doi: 
10.3389/fcell.2021.737304

3D printed tooling for injection moulded 
microfluidics 

Convery, Neil; Samardzhieva, Iliyana; 
Stormonth-Darling, John Moir; Harrison, 
Sean; Sullivan, Gareth John; Gadegaard, 
Nikolaj. Macromolecular materials and 
engineering (Print). 2021, 306 
(11):2100464, DOI: 10.1002/
mame.202100464

Modelling human liver microphysiolo-
gy on a chip through a finite element 
based design approach 

Duarte Menezes, Pedro; Gadegaard, 
Nikolaj; M Natal Jorge, Renato; I S Pinto, 
Sónia. International Journal for Numerical 
Methods in Biomedical Engineering. 2021 
May;37(5):e3445. doi: 10.1002/cnm.3445 

Advanced preclinical models for 
evaluation of drug induced liver injury 
– consensus statement by the europe-
an drug-induced liver injury network 
[PRO-EURO-DILI-NET] 

Fernandez-Checa, Jose C; Bagnaninchi, 
Pierre-Olivier; Ye, H; Sancho-Bru, Pau; 
Falcon-Perez, JM; Royo, Felix; Garcia- 
Ruiz, Carmen; Konu, O; Miranda, Joana 
P.;	Lunov,	Oleg;	Dejneka,	Alexandr;	Elfick,	
A; McDonald, A; Sullivan, Gareth John; 
Aithal, Guruprasad P.; Lucena, MI; Andrade, 
Raul J.; Fromenty, B; Kranendonk, M; 
Cubero, F; Nelson, Leonard J. Journal of 
Hepatology. 2021 Oct;75(4):935-959. doi: 
10.1016/j.jhep.2021.06.021 

 
The Immune Landscape of Human 
Primary Lung Tumors Is Th2 Skewed

Frafjord, Astri; Buer, Linn; Hammarström, 
Clara Louise; Aamodt, Henrik; Woldbæk, 
Per R; Brustugun, Odd Terje; Helland, 
Åslaug; Øynebråten, Inger; Corthay, 
Alexandre. Frontiers in Immunology. 
2021 Nov 18;12:764596. doi: 10.3389/
fimmu.2021.764596

Chronically elevated exogenous 
glucose elicits antipodal effects on 
the proteome signature of differenti-
ating human ipsc-derived pancreatic 
progenitors 

Ghila, Luiza; Legøy, Thomas Aga; 
Mathisen, Andreas Frøslev; Abadpour, 
Shadab; Paulo, Joao A.; Scholz, Hanne 
Bjørnson; Ræder, Helge; Chera, Simona. 
International Journal of Molecular 
Sciences. 2021 Apr 2;22(7):3698. doi: 
10.3390/ijms22073698

Liver Organoids: Recent Develop-
ments, Limitations and Potential 

Harrison, Sean; Baumgarten, Saphira 
Felicitas; Verma, Rajneesh; Lunov, Oleg; 
Dejneka, Alexandr; Sullivan, Gareth. 
Frontiers in medicine. 2021 May 5;8:574047. 
doi: 10.3389/fmed.2021.574047

Tumor-Targeting Cholesterol-Decorat-
ed DNA Nanoflowers for Intracellular 
Ratiometric Aptasensing 

Kim, Nayoung; Kim, Eunjung; Kim, 
Hyemin; R Thomas, Michael; Najer, 
Adrian; M Stevens, Molly. Advanced 
Materials. 2021 Mar;33(11):e2007738. 
doi: 10.1002/adma.202007738

Development of a 1,2,4-Triazole-Based 
Lead Tankyrase Inhibitor: Part II 

Leenders, Ruben G. G.; Brinch, Shoshy 
Alam; Sowa, Sven T.; Amundsen-Isaksen, 
Enya; Galera-Prat, Albert; Murthy, 
Sudarshan; Aertssen, Sjoerd; Smits, 
Johannes N.; Nieczypor, Piotr; Damen, 
Eddy; Wegert, Anita; Nazaré, Marc; 
Lehtiö, Lari; Waaler, Jo; Krauss, Stefan 
Johannes Karl. Journal of Medicinal 
Chemistry. 2021 Dec 23;64(24):17936-
17949. doi: 10.1021/acs.jmed-
chem.1c01264. 

Distinct Mitochondrial Remodeling 
During Mesoderm Differentiation in  
a Human-Based Stem Cell Model

Mostafavi, Sepideh; Balafkan, Novin; 
Pettersen, Ina Katrine Nitschke; Nido, 
Gonzalo Sanchez; Siller, Richard; Tzoulis, 
Charalampos; Sullivan, Gareth John; 
Bindoff, Laurence Albert. Frontiers in Cell 
and Developmental Biology. 2021 Oct 
14;9:744777. doi: 10.3389 fcell.2021.744777

Identification of response signatures 
for tankyrase inhibitor treatment in 
tumor cell lines 

Mygland, Line; Mahmuda, Shoshy; 
Strand, Martin Frank; Olsen, Petter 
Angell; Aizenshtadt, Aleksandra; Lund, 
Kaja; Solberg, Nina; Lycke, Eric Maximil-
ian; Thorvaldsen, Tor Espen; Espada, 
Sandra; Misaghian, Dorna; Page, Christian 
Magnus; Agafonov, Oleg; Nygård, Ståle; 
Chi, Nai-Wen; Lin, Eva; Tan, Jenille; Yu, 
Yihong; Costa, Mike; Krauss, Stefan; 
Waaler, Jo. iScience. 2021 Jul 1;24(7): 
102807. doi: 10.1016/j.isci.2021.102807

 
Four Electrode Bioimpedance Sensor 
System on CMOS Chip
Nøvik, Steffen; Flø Drageseth, Magnus; 
Martinsen,	Ørjan	Grøttem;	Häfliger,	
Philipp Dominik. Proceedings 2021 
Midwest Symposium on Circuits and 
Systems. August 2021. doi: 10.1109/
MWSCAS47672.2021.9531741

The Adenoviral E1B-55k Protein 
Present in HEK293 Cells Mediates 
Abnormal Accumulation of Key WNT 
Signaling Proteins in Large Cytoplasmic 
Aggregates

Olsen, Petter Angell; Krauss, Stefan 
Johannes Karl. Genes. 2021 Nov 
29;12(12):1920. doi: 10.3390/genes 
12121920 

Recent advances in on-line upfront 
devices for sensitive bioanalytical nano 
LC methods 

Røberg-Larsen, Hanne; Wilson, Steven 
Ray Haakon; Lundanes, Elsa. TrAC. 
Trends in analytical chemistry. March 
2021; 136(16):116190. doi: 10.1016/j.
trac.2021.116190

Cholangiocyte organoids can repair 
bile ducts after transplantation in the 
human liver

Sampaziotis, Fotios; Muraro, Daniele; 
Tysoe, Olivia C.; Sawiak, Stephen; Beach, 
Timothy E.; Godfrey, Edmund M.; Upponi, 
Sara S.; Brevini, Teresa; Wesley, Brandon 
T.; Garcia-Bernardo, Jose; Mahbubani, 
Krishnaa T.; Canu, Giovanni; Gieseck, 
Richard L.; Berntsen, Natalie Lie; Mulcahy, 
Victoria L.; Crick, Keziah; Fear, Corrina; 

Robinson, Sharayne; Swift, Lisa; Gambar-
della, Laure; Bargehr, Johannes; Ortmann, 
Daniel; Brown, Stephanie E.; Osnato, 
AnnaVallier, Ludovic. Science. 2021 Feb 
19;371(6531):839-846. doi: 10.1126/
science.aaz6964

Autophagy modulates cell fate  
decisions during lineage commitment

Sharma, Kulbhushan; Asp, Nagham 
Theres; Harrison, Sean; Siller, Richard; 
Baumgarten, Saphira Felicitas; Gupta, 
Swapnil; Chollet, Maria Eugenia ; Andersen, 
Elisabeth; Sullivan, Gareth John; Simonsen, 
Anne Gjøen. Autophagy. 2021 Dec 19; 
1-17. doi:10.1080/15548627.2021.2008691

Bridging the Polar and Hydrophobic 
Metabolome in Single-Run Untargeted 
Liquid Chromatography-Mass  
Spectrometry Dried Blood Spot  
Metabolomics for Clinical Purposes

Skogvold, Hanne Bendiksen; Mørk Sandås, 
Elise; Østeby, Anja; Løkken, Camilla; 
Rootwelt, Helge; Rønning, Per Ola; 
Wilson, Steven Ray Haakon; Elgstøen, 
Katja B. Prestø. Journal of Proteome 
Research. 2021 Aug 6;20(8):4010-4021. 
doi: 10.1021/acs.jproteome.1c00326

Direct Electromembrane Extraction 
based Mass Spectrometry: A Tool for 
Studying Drug Metabolism Properties 
of Liver Organoids

Skottvoll, Frøydis Sved; Aizenshtadt, 
Aleksandra; Hansen, Frederik Andre; 
Martinez, Mikel Amirola; Andersen, 
Jannike Mørch; Bogen, Inger Lise; Kutter, 
Jörg P.; Pedersen-Bjergaard, Stig; 
Lundanes, Elsa; Krauss, Stefan Johannes 
Karl; Wilson, Steven Ray Haakon Analysis 
& Sensing. 2021 Feb, 93, 7, 3576–3585. 
doi: 10.1021/acs.analchem.0c05082

Electromembrane extraction and mass 
spectrometry for liver organoid drug 
metabolism studies

Skottvoll, Frøydis Sved; Hansen, Frederik; 
Harrison, Sean; Boger, Ida Caroline 
Sneis; Mrsa, Ago; Restan, Magnus Saed; 
Stein, Matthias; Lundanes, Elsa; Peders-
en-Bjergaard, Stig; Aizenshtadt, Aleksan-
dra; Krauss, Stefan; Sullivan, Gareth; 
Bogen, Inger Lise; Wilson, Steven Ray 
Haakon. Analytical Chemistry. 2021 Feb; 
93, 7, 3576–3585. doi: 10.1021/acs.
analchem.0c05082

402.2: High Glucose Concentration 
Increases KATP Channel Activity but 
Suppresses Mitochondrial Respiration 
Ability in Insulin-producing Cells  
Regenerated from Stem Cells

Wang, Chencheng; Abadpour, Shadab; 
Aizenshtadt, Alexandra; Chera, Simona; 
Ghila, Luiza Mihaela; Ræder, Helge; 
Scholz, Hanne. Transplantation. 2021 Dec 
1;105(12S1):S27. doi: 10.1097/01.
tp.0000804436.14096.44

Targeting of canonical WNT signaling 
ameliorates experimental scleroderma-
tous chronic graft-versus-host disease

Zhang, Yun; Shen, Lichong; Dreißigacker, 
Katja; Zhu, Honglin; Trinh-Minh, Thuong; 
Meng, Xianyi; Tran-Manh, Cuong; Dees, 
Clara; Matei, Alexandru-Emil; Chen, 
Chih-Wei; Ditschkowski, Markus; Krauss, 
Stefan Johannes Karl; Winkler, Julia; 
Wolff, Daniel; Ziemer, Mirjana; Beilhack, 
Andreas; Karrer, Sigrid; Herr, Wolfgang; 
Mackensen, Andreas; Schett, Georg; 
Spriewald, Bernd M.; Distler, Jörg H.W. 
2021 Apr 29;137(17):2403-2416. doi: 
10.1182/blood.2020008720

Targeting of canonical WNT signaling 
ameliorates experimental scleroderma-
tous chronic graft-versus-host disease

Zhang, Yun; Shen, Lichong; Dreißigacker, 
Katja; Zhu, Honglin; Trinh-Minh, Thuong; 
Meng, Xianyi; Tran-Manh, Cuong; Dees, 
Clara; Matei, Alexandru-Emil; Chen, 
Chih-Wei; Ditschkowski, Markus; Krauss, 
Stefan Johannes Karl; Winkler, Julia; 
Wolff, Daniel; Ziemer, Mirjana; Beilhack, 
Andreas; Karrer, Sigrid; Herr, Wolfgang; 
Mackensen, Andreas; Schett, Georg; 
Spriewald, Bernd M.; Distler, Jörg H.W. 
Blood. 2021 Apr 29;137(17):2403-2416. 
doi: 10.1182/blood.2020008720

The long noncoding RNA TUNAR 
modulates Wnt signaling and regulates 
human ß-cell proliferation
Zhou, Alex-Xianghua; Mondal, Tanmoy; 
Tabish, Ali Mustafa; Abadpour, Shadab; 
Ericson, Elke; Smith, David M.; Knöll, 
Ralph; Scholz, Hanne; Kanduri, Chan-
drasekhar; Tyrberg, Björn; Althage, 
Magnus. American Journal of Physiology. 
Heart and Circulatory Physiology. 2021 
Apr 1;320(4):E846-E857. doi: 10.1152/
ajpendo.00335.2020
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Hybrid Technology Hub
– Center for Organ-on-a-Chip Technology

Visiting adress
Domus Medica, Gaustad
Sognsvannsveien 9
0372 OSLO
Norway

Mail adress
Institute of Basic Medical Sciences
P.O. Box 1110 Blindern
0317 OSLO
Norway

Email
contact@hth.uio.no

Cover:
Confocal imaging of a 7 days gastruloid produced 
by cardiogenic protocol and immunostained 
against heart marker Gata4 (magenta) and 
endothelial marker CD31 (green). Plot showing 
the	contraction	speed	of	the	heart	field	of	the	
gastroluid. Contraction speed is plotted over time 
as	average	over	the	whole	field	of	view	in	µm/s.
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