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PhD Student Competition
Light-activatable antibiotics to fight multi-drug resistant
Gram-positive pathogens
Mafalda Bispo1, Wiktor Szymański2,3, Jan Maarten van Dijl1
Department of Medical Microbiology and 2Department of
Radiology, Medical Imaging Center, University of Groningen,
University Medical Center Groningen, Groningen, Netherlands.
3
Stratingh Institute for Chemistry, University of Groningen,
Groningen, Netherlands.
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In the current era of microbial multi-drug resistance, there is
an urgent need for alternative antimicrobial therapies to which
bacterial pathogens can neither adapt nor acquire resistance.
Bacteria-targeted antimicrobial photodynamic therapy (aPDT)
can fulfil this requirement. Targeted aPDT relies on the
combination of a targeting agent coupled to a photosensitizer.
Upon activation by light, a bacteria-targeted photosensitizer will
generate reactive oxygen species that simultaneously damage
multiple essential components of the targeted bacterial cells.1
The present study was aimed at investigating the feasibility of
targeted aPDT with a conjugate of the antibiotic vancomycin
and the phthalocyanine IRDye 700DX, in short Vanco-700DX.2
The targeted bacteria belonged to notorious drug-resistant Grampositive bacterial pathogens, especially methicillin resistant
Staphylococcus aureus (MRSA), Staphylococcus epidermidis,
and vancomycin resistant Enterococcus species (VRE). The
results show that red light-activated Vanco-700DX specifically
targets and kills MRSA, S. epidermidis and VRE. Moreover,
the activated Vanco-700DX acts as a ‘biofilm buster’ that
cracks the protective shell of staphylococcal biofilms, allowing
deep penetration of different antibiotics and close-to-complete
eradication of the biofilm-resident bacteria. Likewise, Vanco700DX can be applied to target and kill intracellular bacteria.
To validate these findings IRDye 700DX was also conjugated
to pathogen-specific monoclonal antibodies or the cell-binding
domain of a bacteriophage endolysin, which also allowed
effective eradication of biofilm-embedded and intracellular
bacteria. In conclusion, the present study shows that targeted
aPDT may serve as a valuable tool for enhanced treatment of
infections caused by multi-drug resistant bacterial pathogens,
including the much-dreaded biofilm-associated infections.

Methods
This was a multicenter, prospective, observational cohort study
including 54 neonates. Any neonate treated with intravenous
gentamicin was eligible for the study. Up to 8 saliva samples
were collected per patient at different time-points. Gentamicin
levels in saliva were determined with liquid chromatography
tandem mass-spectrometry. A population pharmacokinetic (PK)
model was developed using Nonlinear Mixed-Effects Modeling
(NONMEM) to describe the relation between gentamicin
concentrations in saliva and plasma. Monte Carlo simulations
with a representative virtual cohort (N=3000) were performed to
evaluate the probability of target attainment with saliva- versus
plasma TDM.
Results
Plasma PK was adequately described with an earlier published
model. An additional saliva compartment describing the
salivary gentamicin concentrations was appended to the model
with first-order input (k13 0.023 h-1) and first-order elimination
(k30 0.169 h-1). Inter-individual variability of k30 was 38%.
Postmenstrual age (PMA) correlated negatively with both k13 and
k30. Simulations demonstrated that TDM with 4 saliva samples
was accurate in 81% of the simulated cases versus 94% when
performed with 2 plasma samples and 87% when performed with
1 plasma sample.
Conclusion
TDM of gentamicin using saliva is feasible and the difference in
precision between saliva and plasma TDM may not be clinically
relevant, especially for premature neonates.

References

1. Bispo M, Anaya-Sanchez A, Suhani S, Raineri EJM, López-Álvarez M,
Heuker M et al. JCI Insight 5:e139512. 2020
2. Reeßing F, Bispo M, López-Álvarez M, Van Oosten M, Feringa BL, Van
Dijl JM et al. ACS Omega 5:22071–80. 2020

----------------------------------------------------------------------------Saliva as a sampling matrix for therapeutic drug monitoring
of gentamicin in neonates: A prospective population
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PhD Student Competition
Long-read sequencing and artificial intelligence in cyp2d6
pharmacogenomics

Optimized dosing of the classic cytostatic drug pemetrexed –
a delicate balance between efficacy and toxicity

Maaike van der Lee1, Henk-Jan Guchelaar1, Jesse J. Swen1,
Marjolein Kriek2
1
department of Clinical Pharmacy and toxicology, Leiden
University Medical Center, Leiden, the Netherlands
2
department of Clinical Genetics, Leiden University Medical
Center, Leiden, the Netherlands

Nikki de Rouw

Aims
Pharmacogenetics (PGx) aims to optimize drug treatment by
preventing adverse drug reactions and ineffective treatment
through adjustments based on one’s genetic profile. In clinical
PGx, SNV (single nucleotide variant) panels combined with
phenotype predictions based on *-alleles are currently used.
While valuable in clinical practice, these strategies cannot
account for all genetic variability in drug response. The aim of
this project was to develop a neural network predictive model
using long-read sequencing of the CYP2D6 locus to predict the
enzyme activity on a continuous scale using the entire genetic
make-up of the CYP2D6 gene.
Methods
DNA, steady state drug- and metabolite levels from 3 cohorts
were available. The metabolic ratio (MR) of the CYP2D6
specific conversions (desmethyltamoxifen to endoxifen and
venlafaxine to desmethylvenlafaxine) served as a proxy
for enzyme activity. Pacific Bioscience (PacBio) long-read
sequencing of the CYP2D6 locus was used to resolve allelic
sequences. Next, a neural network model was trained with data
from 561 tamoxifen users (the CYPTAM-cohort) to predict the
MR based on 77 variants obtained from sequencing. Results
were compared to conventional CYP2D6 phenotype prediction,
using four metabolizer categories. The model was then used to
predict the MR in 2 independent cohorts: the CYPTAM-BRUT
cohort (N=167 tamoxifen users) and the venlafaxine cohort
(N=69 venlafaxine users). Moreover, for five variants the effect
was assessed in vitro and compared to the neural network based
predictions.
Results
For all three cohorts the explained variability increased
substantially compared to conventional phenotype predictions
(CYPTAM: 55% → 79%, CYPTAM-BRUT: 35% → 66% for
non-inhibitor users, and venlafaxine: 55% → 64%). Additionally,
the model is capable of assigning activity scores to individual
alleles containing previously uncharacterized combinations of
variants. The predicted contributions of five variants were in
line with the in vitro findings. Finally, the model defined the
relationship between the two alleles as non-additive, which is in
contrast with current assumptions.
Conclusions
These results demonstrate that this novel approach to predict the
enzyme activity of CYP2D6 might more accurately reflect the
true activity. Ultimately, this approach can increase the explained
variability and thereby improve our ability to personalize drug
treatment.

6

Aims
Although we are living in the era of precision medicine, we
seem to forget to apply the principles of precision dosing to
the pharmacotherapeutic cornerstone of cancer treatment:
cytotoxic chemotherapy. Lung cancer is the deadliest cancer type
worldwide(1). A substantial group of the lung cancer population
is eligible for treatment with pemetrexed(2,3). The current body
surface area (BSA)-based dosing paradigm is suboptimal.
Besides dose, renal function is the sole determinant for exposure
to pemetrexed(4). Patients are at risk for toxic or subtherapeutic
exposure if renal function is not taken into account with dosing.
The aims of this research were to 1) optimize treatment in patients
with adequate renal function and 2) enable treatment in patients
with renal impairment.
Methods
The following studies were performed:
• A population pharmacokinetic (PK) analysis of pemetrexed in
patients with a wide range of renal function.
• A pharmacokinetic/pharmacodynamic (PK/PD) analysis
to investigate the relationship of pemetrexed PK and
hematological toxicity.
• A clinical study to investigate optimized dosing based on renal
function in patients with adequate renal function.
• A clinical study to investigate safe dosing of pemetrexed in
patients with impaired renal function.
Results/conclusions
• Pemetrexed PK was best described by a model with estimated
glomerular filtration rate as a linear covariate on clearance.
Decreased renal function contributes to prolonged exposure to
pemetrexed.
• In the PK/PD analysis we found pemetrexed toxicity to be
driven by the time above a threshold¬ plasma concentration
rather than total exposure.
• No difference was observed between optimized and BSAbased dosing on pharmacokinetic outcome. However,
optimized dosing can be cost-effective in terms of preventing
neutropenia.
• The initial study was prematurely halted due to safety issues.
After elucidation of the PK/PD relationship, the study was
redesigned as an intra-patient dose escalation study with
prophylactic use of folinic acid to overcome (currently
ongoing).
For clinical practice, one should be aware of the importance of
renal function as a determinant for pemetrexed pharmacokinetics.
Renal impairment may lead to prolonged exposure above the
toxicity threshold with subsequent risk for severe hematological
toxicity.
References
1.

International Agency for Research on Cancer [Internet]. 2020.
Available from: https://gco.iarc.fr/today/home.
2. Baas P, Fennell D, Kerr KM, Van Schil PE, Haas RL, Peters S, et al.
Malignant pleural mesothelioma: ESMO Clinical Practice Guidelines
for diagnosis, treatment and follow-up. Ann Oncol. 2015;26 Suppl
5:v31-9.
3. Planchard D, Popat S, Kerr K, Novello S, Smit EF, Faivre-Finn C,
et al. Metastatic non-small cell lung cancer: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2018;29(Suppl 4):iv192-iv237.
4. Latz JE, Chaudhary A, Ghosh A, Johnson RD. Population
pharmacokinetic analysis of ten phase II clinical trials of pemetrexed
in cancer patients. Cancer Chemother Pharmacol. 2006;57(4):401-11.
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Delivery Systems - from...

ABS-83244572
Inhalable textile microplastic fibers impair lung repair

ABS-83279205
Anionic lipid nanoparticles preferentially targeting mRNA to
hepatic RES in vivo

Background
Microplastics are a pressing global concern. Inhalation of
microplastic fibers has been associated with interstitial lung
disease related to alveolar epithelial damage in nylon flock
workers. However, the means by which fibers affect lung tissue
and epithelial growth remains unknown.
Aims
Our aim was to assess the effects of nylon and polyester textile
microplastic fibers on epithelial growth and differentiation using
airway and alveolar lung organoids cultured from epithelial cell
progenitors, isolated both from murine lungs and human lung
tissue obtained from COPD patients.
Methods
We studied the effects of nylon or polyester on growth of
primary murine and human lung epithelium using a model of
lung organoids. Lung organoids were established by co-culturing
CD45-/CD31-/EpCAM+ cells with fibroblasts in matrigel.
The number of organoids was manually counted and organoid
diameter was measured.
Results
Exposure to nylon (11x30 µm) or polyester (15x53 µm)
microfibers resulted in significantly fewer and smaller human
and murine airway organoids after 14 days of culture, the effect
being most profound with nylon. Alveolar organoids were not
affected by these fibers. Incubation with nylon- or polyesterconditioned medium also resulted in fewer airway organoids.
Effects were mainly observed in developing airway organoids;
exposure of developed organoids from day 14 to day 21 to
fibers or fiber-conditioned medium had no significant effect on
organoid number or size.
Conclusions
In conclusion, airway organoid formation is negatively impacted
by the presence of textile microplastic fibers and this effect
appears to be mediated by leaching additives. Our results suggest
that microplastic fibers may especially harm the developing
airways or airways undergoing repair. Further studies will focus
on identifying these additives and the mechanism behind their
effect. Importantly, wider investigations into the presence of
microplastic fibers in human lung tissue are urgently needed to
determine the actual risk of these fibers to human health.

R. Pattipeiluhu1,3*, G. Arias-Alpizar1,4*, G. Basha2, J. Bussmann4,
T. H. Sharp3, M. Moradi5, N. Sommerdijk5, P. R. Cullis2,6, A.
Kros1, D. Witzigmann2,6 and F. Campbell1
1
Supramolecular & Biomaterials Chemistry, LIC, Leiden
University, The Netherlands. 2NanoMedicines Research Group,
Dept. of Biochemistry and Molecular Biology, University of
British Columbia, Canada. 3BioNanoPatterning, Dept. of
Cell and Chemical Biology, LUMC, Leiden University, The
Netherlands. 4BioTherapeutics, LACDR, Leiden University,
The Netherlands. 5Materials and Interface Chemistry, Dept of
Chemical Engineering and Chemistry, Eindhoven University
of Technology, The Netherlands. 6NanoMedicines Innovation
Network (NMIN), University of British Columbia, Canada.
*These authors contributed equally
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S. Song1,2, F. van Dijk1,2, G.W.A van Eck1, X. Wu1,2, I.S.T. Bos1,
D.H.A. Boom4, I.M. Kooter4, D.C.J. Spierings5, R. Wardenaar5,
M. Cole6, A. Salvati7, R. Gosens1,2, B.N. Melgert1,2,*
1
Groningen Research Institute for Pharmacy, Department of
Molecular Pharmacology, University of Groningen, Groningen,
the Netherlands. 2Groningen Research Institute for Asthma
and COPD, University Medical Center Groningen, University
of Groningen, Groningen, the Netherlands. 3The Netherlands
Organization for Applied Scientific Research, TNO, Utrecht,
the Netherlands. 4European Research Institute for the Biology
of Ageing, University Medical Center Groningen, University
of Groningen, Groningen, the Netherlands. 5Plymouth Marine
Laboratory, Plymouth, United Kingdom. 6Groningen Research
Institute for Pharmacy, Department of Nanomedicine & Drug
Targeting, University of Groningen, Groningen, the Netherlands.

Clinical translation of efficient and targeted drug delivery
nanosystems is challenging, a major contribution to this is the
insufficient knowledge of the factors influencing the nanoparticle
circulation, uptake and the identification of key players in
these mechanisms. Due to the dynamic nature of the involved
mechanisms, an in vivo assessment is strictly required. We use
the transparent and versatile embryonic zebrafish as an animal
model to rapidly screen the behavior of nanoparticles in vivo.
The ability to visualize fluorescent nanoparticles at cellular
resolution in a living organism has given us an understanding of
the fundamental behavior of nanoparticles.
Previously, we identified Stabilin-1 and Stabilin-2 as the main
receptors responsible for the clearance and uptake of intravenously
administered anionic nanoparticles [1,2]. Here, this knowledge
was used to rationally design a lipid nanoparticle formulation
able to preferentially target the hepatic reticuloendothelial system
(RES). A single lipid was replaced within the lipid composition
of the clinically approved Onpattro® to design srLNPs. This
replacement changes the surface charge, from neutral to anionic,
allowing the redirection of srLNPs to preferentially target
hepatic RES. Upon injection in the zebrafish embryo, we showed
the biodistribution of srLNPs and the subsequent preferential
intracellular delivery of the carried mRNA. Remarkably, we
show that srLNPs target scavenging endothelial cells is mediated
by Stabilin-1 and Stabilin-2. Validation in mice confirmed the
srLNP biodistribution, uptake, cytosolic delivery and protein
expression of hepatic RES mice cells, opening up opportunities
to treat liver diseases associated with RES.
This research demonstrates the zebrafish is a powerful model
system to study mechanisms involved in nanoparticle-mediated
drug delivery.
References

1. Campbell F, Bos FL, Sieber S., Arias-Alpizar G, Koch BE, Huwyler J,
Kros A, Bussmann J., Directing Nanoparticle Biodistribution through
Evasion and Exploitation of Stab2-Dependent Nanoparticle Uptake.
ACS Nano 1232138-2150 (2018).
2. Arias-Alpizar, G.; Koch, B.; Hamelmann, N. M.; Neustrup, M. A.;
Paulusse, J. M. J.; Jiskoot, W.; Kros, A.; Bussmann, J., Stabilin-1 is
required for the endothelial clearance of small anionic nanoparticles.
Nanomedicine: Nanotechnology, Biol. Med. 34, 102395 (2021).
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Delivery Systems - from Microfluidics to Nanotechnologies
ABS-83280227
A lipid nanoparticle RNA vaccine platform for induction of
antigen-specific tolerance

ABS-83281391
Dissecting how cells internalize and process nano-sized drug
carriers for nanomedicine applications

T. Fariaby1, Y. Zeng2, A. Kros2, W.Jiskoot1, J. Bussmann1, B.
Slütter1
1
Division of BioTherapeutics, LACDR, Leiden University, the
Netherlands; 2Supramolecular & Biomaterials Chemistry, LIC,
Leiden University, the Netherlands

A. Salvati1
1
Department of Nanomedicine & Drug Targeting, Groningen
Research Institute of Pharmacy, University of Groningen,
Groningen, the Netherlands. E-mail: a.salvati@rug.nl
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Aims
Globally, 5 to 10% of the population suffers from an auto-immune
disease and generally are treated with immunosuppressive
medication [1]. Induction of immune tolerance to specific
antigens however, could potentially allow treatment without
the trade-off of systemic immune suppression. Liver sinusoidal
endothelial cells (LSECs) form the vascular lining of sinusoids
in the liver and have previously been shown to mediate immune
tolerance [2]. Our work has shown that lipid nanoparticles
(LNPs) can specifically deliver mRNA coding for antigen to
the zebrafish equivalent of LSECs [3]. Here we address whether
LNPs specifically target LSECs and can induce antigen specific
tolerance in mice.
Methods and Results
By priming C57BL/6 mice that received an adoptive transfer of
ovalbumin (OVA)-specific CD4+ (OT-II cells) and CD8+T cells
(OT-I cells), with LNPs that contain OVA-encoding RNA, we
show that LNP administration substantially reduced (>10-fold)
OT-I expansion upon an inflammatory challenge with OVA and
Poly(I:C). Moreover, we observed a decrease in T-bet+ OT-I T
cells and a significant increase in CD25+FoxP3+ OT- I cells.
Interestingly, we did not observe any significant differences in
expansion of OT-II cells, nor did we observe any changes in their
activation or polarisation.
Conclusions
Overall, these results suggest that administration of OVA mRNA
using LNPs leads to induction of tolerance mediated by antigenspecific CD8+ T cells. Currently, we are studying the application
of LNPs that contain OVA-encoding RNA as a therapeutic
vaccine in mice with established inflammation. Additional
follow-up research includes studying the biodistribution of the
LNPs in mice after intravenous administration. We aim to use
this versatile vaccine platform to induce antigen-specific immune
tolerance in auto-immune disease mouse models driven by
a cytotoxic CD8+ T cell response to demonstrate the possible
applications of this method in the clinic.
References
1. G. S. Cooper and B. C. Stroehla, “The epidemiology of autoimmune
diseases,” Autoimmun. Rev., vol. 2, pp. 119–125, 2003.
2. A. Carambia, B. Freund, D. Schwinge, O. T. Bruns, S. C. Salmen, H.
Ittrich, R. Reimer, M. Heine, S. Huber, C. Waurisch, A. Eychmüller,
D. C. Wraith, T. Korn, P. Nielsen, H. Weller, C. Schramm, S. Lüth, A.
W. Lohse, J. Heeren, and J. Herkel, “Nanoparticle-based autoantigen
delivery to Treg-inducing liver sinusoidal endothelial cells enables
control of autoimmunity in mice,” J. Hepatol., vol. 62, pp. 1349–1356,
2015.
3. F. Campbell, F. L. Bos, S. Sieber, G. Arias-alpizar, B. E. Koch,
J. Huwyler, A. Kros, and J. Bussmann, “Directing Nanoparticle
Biodistribution through Evasion and Exploitation of Stab2-Dependent
NanoParticle Uptake,” ACS Nano, vol. 12, pp. 2138–2150, 2018.
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Introduction
Nano-sized materials are used in nanomedicine to deliver drugs
more efficiently to their site of action. In order to improve
their efficacy and fully exploit nanomedicine potential, a better
understanding of how cells internalize and process nano-sized
materials is required.
Objectives
Within this context, our research is focused on characterizing
the molecular details of the early interactions and recognition of
nano-sized materials at the cell membrane, and the subsequent
mechanisms of uptake and intracellular trafficking.
Methods
To this aim, we combine classic transport studies with inhibitors1
and RNA interference to genetic screening and proteomic-based
methods. Additional efforts are focused on developing in vitro
endothelial cell barriers more closely resembling the barriers
nanomedicines encounter in vivo.2 Uptake and distribution of
nanoparticles have also been studied in tissue slices from the major
organs in which nanoparticles distribute, such as the liver, lungs and
kidneys, as an advanced ex vivo 3D model. Intracellular trafficking
kinetics are determined via fluorescence imaging in live cells and
a new method we developed based on organelle flow cytometry.3,4
Results and Conclusions
Our results show that the same cells process nanoparticles in
different ways when they are developed into an endothelial
cell barrier rather than at different degrees of cell density, as
commonly applied for in vitro studies.2 Furthermore we show
that nanoparticles are internalized ex vivo in liver tissue slices,
and within the tissue slices, higher uptake is observed in the
Kupffer cells, as it is observed also in vivo.5 Additionally, we
found that the corona molecules adsorbing on the nanoparticle
surface once applied in serum can interact with specific cell
receptors and in this way they also affect the mechanism cells
use for their internalization.6 Based on these findings, we used
liposomes of different composition to form different coronas and
identify corona proteins associated with higher or lower uptake
by cells.7 Thus, nanocarrier design can be tuned in order to
modulate the corona forming in serum and in this way affect cell
receptor interactions and nanocarrier uptake efficiency.
References

1. Francia et al, Limits and challenges in using transport inhibitors to
characterize how nano-sized drug carriers enter cells, Nanomedicine
2019, 14 (12), 1533
2. Francia et al, Effect of the development of a cell barrier on nanoparticle
uptake in endothelial cells, Nanoscale 2018 10 (35), 16645
3. Garcia Romeu et al, Time- and Space-Resolved Flow-Cytometry of
Cell Organelles to Quantify Nanoparticle Uptake and Intracellular
Trafficking by Cells, Small 2021 17, 34, 2100887
4. Vtyurina et al, Imaging of nanoparticle uptake and kinetics of
intracellular trafficking in individual cells, Nanoscale 2021, 13, 10436
5. Bartucci et al, Time-Resolved Quantification of Nanoparticle Uptake,
Distribution, and Impact in Precision-Cut Liver Slices, Small 2020,
1906523
6. Francia, et al, Corona Composition Can Affect the Mechanisms Cells
Use to Internalize Nanoparticles, ACS nano 2019 13 (10), 11107
7. Yang et al, Tuning Liposome Composition to Modulate the Corona
Forming in Human Serum and Uptake by Cells, Acta Biomaterialia
2020, 106, 314
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Translational Medicine - Usage of animal models to iPSC...

M.A.A. Saleh1, J. Bloemberg1, J. Elassaiss-Schaap1,2, E.C.M. de
Lange1
1
Systems biomedicine and pharmacology, LACDR, Leiden
University, Leiden, The Netherlands; 2PD-value, Houten, The
Netherlands
Alzheimer’s disease (AD) drug development has suffered
a high failure rate that could be attributed in part to poor
pharmacokinetics in patients, either insufficient drug exposure or
inadequate pharmacokinetic profile (PK) at the brain extracellular
(brainECF) and intracellular fluid (brainICF) [1]. Poor PK
could result in a lack of drug efficacy and/or an unacceptable
side effects. Unbound PK at brainECF/ICF, the drug target sites, is
the driver of CNS drug (side) effects. Measuring such profiles,
while indispensable for drug development, is challenging due to
the ethical restrictions of human brain sampling, the inadequate
information obtained by imaging, and the context dependency
of cerebrospinal fluid (CSF) as a surrogate for unbound brain
PK [2,3]. We have previously published LeiCNS-PK3.0, a
CNS physiologically based PK (PBPK) model that can predict
human brainECF and CSF PK with less than two-fold error [2].
The mechanistic and physiological framework of LeiCNSPK3.0 allows interpopulation translation by accounting for
pathophysiological alterations of the system.
Aims
The goal of this research is to predict the impact of healthy
aging and AD on brain PK. To this goal, we have translated
LeiCNS-PK3.0, by incorporating the aging and AD-related CNS
physiological changes in the model.

of accounting for the altered physiology when translating PK
between populations.
References

1. De strooper. Cell. 2014. Doi: 10.1016/j.cell.2014.10.016
2. Saleh et al. J. Pharmacokinet. Pharmacodyn. 2021. Doi: 10.1007/
s10928-021-09768-7
3. Saleh and de Lange. Pharmaceutics. 2021. Doi:10.3390/
pharmaceutics13010095
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ABS-83244991
A translational modeling approach to predict the brain
unbound pharmacokinetic profiles of Alzheimer’s patients
and cognitively healthy elderlies

ABS-83280398
Mitochondrial metabolism alterations in familial Alzheimer's
disease neuroprogenitor cells
M. Trombetta-Lima1, A. Marmolejo Garza1, T. Tomin2, A.
Oun1, A.S. Guaqueta1, S. Kushner3, S. Lehtonen4, R. BirnerGruenberge2, A. Dolga1.
1
Faculty of Science and Engineering, Department of Molecular
Pharmacology, Groningen Research Institute of Pharmacy
(GRIP), University of Groningen, The Netherlands; 2Institute
of Chemical Technologies and Analytics, Vienna University
of Technology, Austria; Diagnostic and Research Institute of
Pathology, Medical University Graz, Austria; BioTechMedGraz, Austria; 3Department of Psychiatry, Erasmus Medical
Center, The Netherlands; 4A.I.Virtanen Institute for Molecular
Sciences, University of Eastern Finland, Finland.
The significant increase in life expectancy in the last 60 years
urges the handling of age-associated diseases. Alzheimer's
disease (AD) is currently considered the major cause of dementia.
However, despite being one of the most studied neurodegenerative
diseases, little therapeutic progress was achieved in the last
decades. Familial Alzheimer’s disease comprises of 5% of the
cases and display an early onset, making it a valuable model
for the study of the disease. One of the hallmarks of AD is its
mitochondrial metabolism disruption.
Aims
To investigate the metabolic mechanisms which are altered in
AD.

Methods
An extensive literature search in PUBMED was performed to
identify the AD- and aging-related changes of CNS physiology.
LeiCNS-PK3.0 was re-parameterized based on the literature
search results. Model simulations were performed for 4 ADrelevant drugs: memantine, rivastigmine, galantamine, and
semagacestat, comparing the PK of a young adult, a 75-year-old
cognitively healthy elderly, and a 75-year-old mild AD patient.
Model simulations were performed in R (version 4.0.3) using
RxODE (version 0.9.2-0).
Results / Conclusions
LeiCNS-PK3.0 simulations suggest that the brainECF/ICF, and
CSF PK of AD patients are different than those of young and
age-matched cognitively healthy elderlies. As shown in the
figure, brainECF/ICF Cmax of galantamine increased by 200%, of
memantine by 120%, of rivastigmine by 160%, of semegacestat
by 200%. Thus, AD might impact the brain and CSF PK in a
drug dependent manner. This study highlights the importance

Methods
We successfully generated and characterized neuroprogenitor
cells (NPCs) from familial AD, their respective isogenic controls,
and healthy subjects-derived iPSCs. Our differentiation protocol
makes use of a 15 days 3D embryoid body formation step,
followed by FACS sorting of the NPC population (CD271-,
CD44-, CD184+, CD24+, CD15-/+) which renders a population
of more than 90% NPC. The overall expression of metabolic
pathways proteins was determined by proteomics. Metabolic
activity was assessed by measurements of mitochondrial
respiration, glycolytic rate, and metabolic substrate usage.
Results/ Conclusions
We report an overall decrease in glycolytic proteins expression
and substrate usage, OCR and ECAR parameters. Our results
indicate that metabolic alterations are already perceivable in ADderived NPCs, which can be a target for early intervention.
References
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Therapeutic approaces for CNS disorders
ABS-83109476
Effects of sodium channel blockers on nerve excitability
threshold tracking
Titia Ruijs1,2, Jules Heuberger1, Ingrid Koopmans1,2, Marieke de
Kam1, Michiel van Esdonk1, Geert Jan Groeneveld1,2.
1
Centre for Human Drug Research, Leiden, 2Leiden University
Medical Centre, Leiden.

and increased RIPK1 activity is observed in human diseases
characterized by excess cell death and inflammation, including
in amyotrophic lateral sclerosis (ALS).1 RIPK1 inhibition has
been shown to protect against pathology and cell death in a range
of preclinical cellular and animal models of neurodegenerative
diseases.2 SAR443060 (DNL747) is a selective, orally
bioavailable, CNS–penetrant, small-molecule, reversible
inhibitor of RIPK1.

Introduction
Selective voltage gated sodium channel blockers are of growing
interest as treatment for pain. For drug development of such
compounds, it would be critical to have a biomarker that can be
used for proof-of-mechanism.

Objectives
The goal of this study was to evaluate the safety, tolerability,
pharmacokinetics (PK) and pharmacodynamics (PD) of 28 days
of SAR443060 50 mg twice-daily (BID) dosing in 16 patients
with ALS.

Aims
We aimed to evaluate whether drug-induced changes in sodium
conductance can be detected using nerve excitability threshold
tracking in 18 healthy subjects.

Methods
This multicenter, randomized, double-blind, placebo-controlled
phase 1B study (NCT03757351), used a cross-over design
consisting of two 28-day treatment periods, separated by 14
days of wash-out. Vital signs, ECG, standard laboratory safety
assessments, physical and neurological examinations, and
adverse events were recorded to monitor safety and tolerability.
Drug concentrations were determined in blood and cerebrospinal
fluid (CSF) samples for PK, and target engagement was measured
via phosphorylation of RIPK1 at serine 166 (pRIPK1) in human
peripheral blood mononuclear cells (PBMCs).

T U E S D AY

Methods
In a randomized, double-blind, three-way crossover study,
effects of single doses of mexiletine and lacosamide were
compared to placebo. On each study visit, motor- and sensory
nerve excitability measurements of the median nerve were
performed (pre-dose; 3- and 6-hours post-dose). Stimulation was
guided by QTRAC-S. Treatment effects were calculated using an
ANCOVA, with baseline as covariate.
Results
Mexiletine and lacosamide had significant effects on a multitude
of motor- and sensory nerve excitability parameters. In motor
nerves, TEd 40-60ms was significantly decreased when compared
to placebo, with an estimated difference -1.37% (95%CI:-2.20,0.55;p=0.002) after mexiletine and -1.27% (95%CI:-2.0968,0.4430; p=0.004) after lacosamide. Moreover, mexiletine and
lacosamide significantly increased superexcitability in motor
nerves, with an estimated difference of 1.74% (95%CI:0.61,2.87;
p=0.004) and 1.47% (95%CI:0.34, 2.60;p=0.013), respectively.
The strength-duration time constant decreased after lacosamide
in both motor nerves -0.03ms (95%CI:-0.06,-0.01;p=0.005) and
sensory nerves -0.08ms (95%CI:-0.12,-0.05;p<0.001).

Results
RIPK1 inhibition was generally safe and well tolerated for 28
days in patients with ALS (n=15). SAR443060 distributed into
CSF after oral administration and demonstrated peripheral target
engagement as measured by a reduction in pRIPK1 in stimulated
PBMCs compared to baseline. The maximal mean inhibition after
SAR44306 treatment was -66.0 (± 21.6, n=8) percent change
from baseline in the placebo/SAR443060 treatment sequence
and -75.7% (± 15.0%, n=6) in the SAR443060/placebo treatment
sequence (Figure 1).

Conclusion
Mexiletine and lacosamide significantly decrease excitability
of motor and sensory nerves, in line with the mechanism of
action. This study shows that threshold tracking can be an
effective biomarker in pharmacological studies. The method
would therefore be a valuable tool in drug development, to help
identifying target engagement in healthy subjects.
ABS-83129071
Safety, Pharmacokinetics and Target Engagement of novel
RIPK1 inhibitor SAR443060 (DNL747) in Patients with
Amyotrophic Lateral Sclerosis
Maurits F J M Vissers1,2, Jules A A C Heuberger1, R Tsai3, R
Erickson3, A Cruz-Herrranz3, J Harris3, F Huang3, V Tong3,
Y Zhu3, K Scearce-Levie3, J Hsiao-Nakamoto3, X Tang3, C
McKenna3, C Ho3, M Troyer3, R.J. Pomponio4, M. AlonsoAlonso4, M. Zilberstein4, N. Atassi4, Geert Jan Groeneveld1,2
1
CHDR, Leiden, The Netherlands; 2LUMC, Leiden, The
Netherlands; 3Denali Therapeutics Inc., South San Francisco,
USA; 4Sanofi Genzyme, Cambridge, USA.
Introduction
Receptor-interacting serine/threonine-protein kinase 1 (RIPK1)
is a master regulator of inflammatory signaling and cell death
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Figure 1. Mean (± SD) percentage pRIPK1 inhibition
(AU(signal)) compared to baseline after SAR443060 and placebo
administration in ALS patients by treatment sequence
Conclusion
This study demonstrates short term safety, CNS penetration, and
peripheral target engagement of SAR443060 in patients with ALS.
References
1. Ito Y, Ofengeim D, Najafov A, et al. RIPK1 mediates axonal
degeneration by promoting inflammation and necroptosis in ALS.
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2. Mifflin L, Ofengeim D, Yuan J. Receptor-interacting protein kinase
1 (RIPK1) as a therapeutic target. Nature Reviews Drug Discovery.
Published online July 15, 2020. doi:10.1038/s41573-020-0071-y

Abstracts Oral Presentations | September 28th | Dutch Medicines Days 2021

Therapeutic approaces for CNS disorders
ABS-83218878
Targeting NAMPT in glioblastoma by photo-activated
ruthenium complex
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Einsteinweg 55, P.O. Box 9502, 2300 RA Leiden, The Netherlands
2
Division of Toxicology, Leiden Academic Center for Drug
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Aim
Nicotinamide adenine dinucleotide (NAD+) is a central molecule
in health and disease, as it serves as substrate or cofactor for
several cellular bio-energetic functions. NAMPT is a main
enzyme in the production of this substrate inside cells, and
expression of this enzyme is dependent on the cell type. In this
project we aim at inhibition of this enzyme with a light-activated
drug to stop unlimited cell growth in glioblastoma and ultimately
achieve lower side effects during brain cancer treatment.

T U E S D AY

Method
The SRB cell viability assay was use to measure half-maximal
effective concentrations (EC50) of a ruthenium-based
photoactivated chemotherapy compounds in different cell lines.
RNA sequencing and Western blotting were used for checking
NAMPT’s RNA and protein expression. HLIC-MS method was
used for checking metabolites amount including NAD+ levels.
Result/conclusion
Our result showed that U87 (glioblastoma cancer cell line) has
higher expression of NAMPT compared to cell lines originating
from skin (A431), lung (A549), or liver (HepG2) cancer.
The cytotoxicity in both normoxic and hypoxic U87 cells of
the known NAMPT inhibitor STF31, and of its photocaged
analogue Ru-STF31 shows that Ru-STF31+light is significantly
more cytotoxic than freely administered STF31 in normoxic
glioblastoma cell line. Normoxic U87 cells treated with RuSTF31+light disclosed diminished NAD+ levels which is
a strong evidenced that cytotoxicity is at least partly due to
NAMPT inhibition. Synergistic effects (combination index
CI<1) between photoactivated ruthenium cage and free STF31
was found, which confirms the additional toxicity generated by
the ruthenium fragment obtained after light activation of RuSTF31. Higher toxicity of unactivated Ru-STF31 in comparison
to that of STF31 in hypoxia, emphasizes different mechanism
of toxicity of Ru-STF31 at low dioxygen concentrations. This
was confirmed by a rescue experiment: addition of NAD+ to
cells treated with Ru-STF31+light had strong protective effect in
normoxic cells and almost no effect in hypoxic cells.
Targeting NAMPT with photo activated caged STF31,
diminished NAD+ level in U87, cell line. As NAD+ is one of the
foremost substrates of central enzymes inside the cells, therefore
photo activated caged STF31 has potential anticancer effect in
glioblstoma.
References
1. Lameijer, L. N., Ernst, D., Hopkins, S. L., Meijer, M. S., Askes, S.
H., Le Dévédec, S. E., & Bonnet, S. (2017). A red-light-activated
ruthenium-caged NAMPT inhibitor remains phototoxic in hypoxic
cancer cells. Angewandte Chemie, 129(38), 11707-11711.
2. Kraus, D., Reckenbeil, J., Veit, N., Kuerpig, S., Meisenheimer, M.,
Beier, I., ... & Probstmeier, R. (2018). Targeting glucose transport
and the NAD pathway in tumor cells with STF-31: a re-evaluation.
Cellular Oncology, 41(5), 485-494.
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Functional assessment of glutamate transporters using a cell
swelling-based label-free assay
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Sylvia Le Dévédec1, Adriaan P. IJzerman1, Laura H. Heitman2
1
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for Drug Research (LACDR), Leiden University, Leiden, The
Netherlands;
2
CeMM Research Center for Molecular Medicine of the Austrian
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Introduction
To maintain cellular homeostasis, cells depend on the uptake and
export of various solutes such as neurotransmitters, hormones,
nutrients and metabolites across the inner and outer cell
membranes. This membrane transport process is facilitated by
a class of membrane transport proteins, namely solute carrier
proteins (SLCs). Due to their pivotal role in cellular homeostasis
numerous SLCs have been associated with disease pathologies1.
Regrettably, knowledge on most SLCs is still rather limited, as
compared to other membrane protein families such as GPCRs
and ABC-transporters, due to the lack of suitable research tools
and assays to study these transporters. This has resulted in a
minority of transporters that have been researched extensively,
while research on most other SLCs has been largely omitted2.

This study is part of the RESOLUTE (https://re-solute.eu/) project
that has received funding from the Innovative Medicines Initiative
2 Joint Undertaking under grant agreement No 777372. This Joint
Undertaking receives support from the European Union’s Horizon
2020 research and innovation programme and EFPIA.
Glutamate is the main excitatory amino acid in the human central
nervous system (CNS). Excitatory amino acid transporters (EAATs)
are membrane-bound proteins from the solute carrier (SLC) family
1 that mediate effective removal of extracellular glutamate in a Na+dependent manner. Aberrant function or expression of these glutamate
transporters has been linked to neurological and psychological
disorders. In vitro assays that can be used to identify (selective)
inhibitors or activators for EAATs are important tools to better
understand the function of these transporters in health and disease.
Aims
The aim of this project was to develop a label-free in vitro assay to
study EAATs in live cells. Conventional in vitro methods to study
EAAT activity are based on radioactive substrates, membrane
potential dyes or electrophysiology, which require the introduction
of labels or are low in throughput. As an alternative, label-free
methods can give additional mechanistic insights and provide a
platform for drug screening purposes.

POSTERS

Methods
A label-free, impedance-based technology (xCELLigence) was
used to measure real-time changes in cell morphology of a modified
HEK293 cell line with doxycycline-inducible overexpression of
EAAT1. Changes in the actin cytoskeleton were visualized using
confocal microscopy.
Results / Conclusions
Stimulation of cells with glutamate induced a cellular response that
was blocked by selective and non-selective EAAT1 inhibitors and
was prevented in the presence of Na+/K+-ATPase inhibitor ouabain.
Cells appeared to stretch and increase in surface area, which indicates
cell swelling as a result of glutamate uptake. This method provides a
straightforward readout of EAAT function, providing an alternative
approach to identify modulators for this class of transporters.
References
1. Sijben et al (2021). A study of the dopamine transporter using the
TRACT assay, a novel in vitro tool for solute carrier drug discovery.
Scientific Reports, 11(1), 1-14.
2. Sijben et al (2021). Label-free high-throughput screening assay for
the identification of norepinephrine transporter (NET/SLC6A2)
inhibitors. Scientific Reports, 11(1), 1-14.
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MPP+-induced changes in cellular impedance as a measure for
Organic Cation Transporter 3 (OCT3) activity and inhibition
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L.H. Heitman1,2
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Methodology to study SLC activity mainly relies on the
electrogenic properties of the SLC or on uptake assays using
radiolabelled or fluorescent substrates. However, a myriad of
SLCs are non-electrogenic and labelling of substrates is costly
and labour intensive. Consequently, there is a need to develop
novel assays to study SLCs in a physiological more relevant
environment without the need to label the substrate. Hence, in
this study we aimed to develop a label-free impedance-based
assay to measure SLC activity for a prototypical SLC, i.e. the
Organic Cation transporter 3 (OCT3).
Methods
A label-free impedance-based assay was setup to measure OCT3
activity on whole cells using the xCELLigence real-time cell
analyser (RTCA) system. This system enables non-invasive realtime detection of changes in cell morphology, cellular adhesion,
cell proliferation and viability. Here, a doxycycline-inducible
HEK293-JumpIn-OCT3 cell-line was used to detect cellular
effects upon OCT3-mediated uptake of the neurotoxin MPP+.
Results
Uptake of MPP+ by OCT3 in HEK293-JumpIn cells results in
dose-dependent changes in cellular impedance within the first 2
hours. This MPP+ response was found to be OCT3 specific as it
was absent in cells lacking OCT3 expression. Moreover, MPP+induced changes in cellular impedance could be inhibited by the
OCT3 inhibitors corticosterone and decynium-22.
Conclusion
Here were have developed a label-free impedance-based
assay (i.e. xCELLigence) to measure OCT3 activity using the
neurotoxin MPP+. This assay could aid in the development and
screening of selective OCT3 inhibitors. Importantly, this method
is in principle applicable to other SLCs that transport this toxic
substrate.
References
1. Wang WW, Gallo L, Jadhav A, Hawkins R, Parker CG. The
Druggability of Solute Carriers. J Med Chem. 2019. doi:10.1021/acs.
jmedchem.9b01237
2. Superti-Furga G, Lackner D, Wiedmer T, et al. The RESOLUTE
consortium: unlocking SLC transporters for drug discovery. Nat Rev
Drug Discov. 2020;19(7):429-430. doi:10.1038/d41573-020-00056-6
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Visualizing a membrane-bound protein
An affinity-based probe for cc chemokine receptor 2
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Limited data are available on the extent of this QT-prolonging
effect in COVID-19 patients treated with chloroquine.4,5

Aims
The use of affinity-based protein probes (AfBPP) is an up-andcoming field for labeling G protein-coupled receptors (GPCRs).
These probes can be used to detect and visualize a GPCR, in this
case CC chemokine receptor 2. This receptor is involved in many
inflammatory and autoimmune diseases, but no drugs have made
it past clinical trial, mostly due to lack of efficacy.1 Developing
novel tools, such as an AfBPP, could aid in CCR2 drug research.

Aims
To assess the QTc-prolonging potential of chloroquine in
COVID-19 patients and to evaluate whether this prolongation
increases with the cumulative dose. Furthermore, the number
of patients who prematurely discontinued treatment or had a
dose adjustment due to QTc interval prolongation based on the
computerised ECG, was established.

References
1. Bachelerie, F. et al. International union of pharmacology. LXXXIX. Update
on the extended family of chemokine receptors and introducing a new nomenclature for atypical chemokine receptors. Pharmacol. Rev. 66, 1–79 (2014).
2. Ortiz Zacarías, N. V. et al. Design and characterization of an intracellular covalent ligand for cc chemokine receptor 2. J. Med. Chem. 64, 2608−2621 (2021).
3. Wang, S. et al. Advanced activity-based protein profiling application strategies for drug development. Front. Pharmacol. 9, 353 (2018).
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The risk of QTc interval prolongation in COVID-19 patients
treated with chloroquine
F.S. Sinkeler1, F.A. Berger2, H.J. Muntinga3, M.M.P.M. Jansen4
Dept. of Clinical Pharmacy, Amsterdam UMC, location AMC,
Amsterdam, The Netherlands; 2Dept.of Cardiology, ElisabethTweeSteden Hospital, Tilburg, The Netherlands; 3Dept. of
Clinical Pharmacy, Meander Medical Centre, Amersfoort, The
Netherlands; 4Dept. of Clinical Pharmacy, Elisabeth-TweeSteden
Hospital, Tilburg, The Netherlands.
Chloroquine, a quinolone antimalarial drug, is known to
potentially inhibit pH-dependent viral replication of the SARSCoV-2 infection.1,2 Therefore, chloroquine was considered as a
treatment option for coronavirus disease 2019 (COVID-19).3
Chloroquine is known for prolonging the QT interval in trials
where chloroquine was used as an antimalarial drug, although the
treatment dosages and –duration used in these trials were lower
and shorter than the dosages used for the treatment of COVID-19.

1

Results and conclusions
In total, 397 patients were included. The mean increase in QTc
interval [± standard deviation] between baseline ECG (ECG 0)
and the first ECG taken after the start of the treatment (ECG 1)
was 20 ± 39 ms (p<0.001). Treatment with chloroquine resulted
in a mean QTc prolongation between ECG-0 and the last available
ECG during treatment (ECG L) of 33 ms ± 53 ms ((p<0.001).
During treatment, 63 patients had a QTc interval >500 ms and/or
an increase in QTc >60 ms.
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Results / Conclusions
The probes were all able to show a shift between apparent
affinities when incubated over time in Ki shift assays. The effect
of click handle linker length was negligible, while all tested
warheads showed covalent binding with a high apparent affinity.
SDS-PAGE experiments showed effective CCR2 labelling of
several probes, of which one was further characterized. This
probe was displaced by a known intracellular competitor and
covalent binding was confirmed. In summary, a covalently
binding probe was discovered that can effectively label CCR2.
This probe is a novel tool for CCR2 and can be used in a variety
of assays, such as microscopy and cell sorting experiments.

Methods
A retrospective, observational study was performed in patients
≥18 years, hospitalised for a suspected or proven infection
with COVID-19, and therefore treated with chloroquine, with a
baseline electrocardiogram (ECG) performed prior to the start of
treatment and at least one ECG after start of the treatment.

QTc Interval duration (ms)

Methods
A previously published covalent antagonist targeting the allosteric
intracellular binding site of CCR2 was used as a starting point.2
This scaffold was decorated with several covalently binding
warheads and click handles in this research. The resulting twostep AfBPP can be used for all sorts of experiments, depending
on the moiety that is attached to the handle using click chemistry.3
Two main requirements of the newly-synthesized AfBPP’s
were examined, i.e. covalent binding and visualization of the
receptor. The former was demonstrated using so-called Ki shift
assays; semi-kinetic radioligand binding assays that can show a
shift in apparent affinity over time. For the latter, SDS-PAGE
experiments were used to determine which of the probes was able
to label CCR2 specifically and to the greatest extent.
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Based on the computerised interpretation of the ECG, treatment
was discontinued or adjusted due to QTc prolongation in 30 of
344 patients. These ECGs were manually recalculated by an
independent cardiologist. The manual interpretation disclosed
that only 11 patients indeed had a QTc interval >500 ms or an
increase in QTc >60 ms.
Chloroquine treatment in COVID-19 patients gradually increased
the QTc interval. Due to a significant number of overestimated
QTc intervals by computer analysis, it is advisable to measure the
QTc interval manually before adjusting the dose or withdrawing
this potentially beneficial medication.
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Introduction
Hydroxychloroquine has been suggested as possible treatment for
Severe Acute Respiratory Syndrome-coronavirus-2 (SARS-CoV-2).
The WHO advised against use of hydroxychloroquine for SARSCoV-2 patients as no clinical benefit was shown. Also, studies
reported an increased risk of QTcF-prolongation after treatment
with hydroxychloroquine, which is mediated by hERG channel
inhibition.
Objectives
The aim of this study was to analyze the concentration-dependent
effects of hydroxychloroquine on the ventricular repolarization,
including QTcF-duration and T-wave morphology.

POSTERS

Methods
Twenty young (≤30 years) and twenty elderly (65 – 75 years) healthy
male subjects were included. Subjects were randomized to receive
either a total dose of 2400 mg hydroxychloroquine over 5 days (i.e.
a standard dosing regimen for SARS-CoV-2 infection), or placebo
(ratio 1:1). Follow-up duration was 28 days. ECGs were recorded as
triplicate at baseline and four post-dose single recordings, followed
by hydroxychloroquine concentration measurements. ECG intervals
(RR, QRS, PR, QTcF, J-Tpc, Tp-Te) and T-wave morphology,
measured with the Morphology Combination Score (MCS), were
analyzed with a pre-specified linear mixed effects concentrationeffect model.1
Results and Conclusions
There were no significant associations between hydroxychloroquine
concentrations and ECG characteristics, including RR-, QRSand QTcF-interval (p = 0.09, 0.34, 0.25). Mean ΔΔQTcF-interval
prolongation did not exceed 5 ms and the upper limit of the 90%
confidence interval did not exceed 10 ms at the highest measured
concentrations (200ng/mL) (figure 1). There were no associations
between hydroxychloroquine concentration and the T-wave
morphology (p = 0.34 for MCS). There was no significant effect of
age group on ECG characteristics. In this study, hydroxychloroquine
did not affect ventricular repolarization, including the QTcF-interval
and T-wave morphology, at plasma concentrations up to 200 ng/mL.
Considering the IC50 of hydroxychloroquine for hERG channel
inhibition, the dosing regimen is not sufficient to induce hERG
channel inhibition. Based on this analysis, hydroxychloroquine
does not appear to increase the risk of QTcF-induced arrhythmias
in the studied dosing regimen. We hypothesize that the observed
QT-prolongation in SARS-CoV-2 patients is caused by other factors
than their hydroxychloroquine use.
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Figure 1 Concentration-dependent effect of hydroxychloroquine on
ΔΔQTcF-interval in ms (top panel) and ΔΔMorphology Combination
Score (bottem panel), corrected for both baseline measurements and
placebo. The grey area represents the 90% confidence interval.
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Introduction
Sunitinib is an anti-angiogenic tyrosine kinase inhibitor used in the
treatment of metastatic renal cell carcinoma (mRCC). Individual
response to treatment is highly variable. In candidate gene studies,
sunitinib efficacy or toxicity was related to germline single
nucleotide polymorphisms (SNPs) in CYP3A5 and ABCB1.
Objectives
To provide novel leads into biological mechanisms underlying
sunitinib action.
Methods
We included 550 mRCC patients that participated in the European
EuroTARGET consortium and 204 mRCC patients from the RIKEN
cohort in Japan which were analysed separately and in a metaanalysis of genome-wide association studies (meta-GWAS). After
SNP imputation using the 1000Genomes reference panel, SNPs
were tested for association with progression-free survival (PFS) and
overall survival (OS) using Cox regression. Summary statistics of
both cohorts were combined using a fixed effect meta-analysis.
Results
We identified novel genetic variants in PDLIM3 and DSCAM for
association with PFS and OS. SNP rs28520013 (PDLIM3) and
the correlated SNPs rs2205096 and rs111356738 (both DSCAM)
showed genome wide significance (p<5x10-8) in the metaanalysis. The lowest p-values and highest hazard ratios were found
for rs28520013 in PDLIM3. The variant T-allele of rs28520013
associated with an inferior PFS of 5.1 months compared to 12.5
months in non-carriers (p=4.02×10-10, HR=7.26). T-allele carriers
of rs28520013 also showed an inferior OS of 6.9 months versus
30.2 months in non-carriers (p=1.62×10-8,HR=5.96).

Figure 1: Manhattan plot for progression-free survival (PFS)
analysis. Significance threshold (red horizontal line in bold) is set
to P=5x10-8. P-values ≤5x10-7 (between red horizontal lines) were
considered suggestive. Results are shown for EuroTARGET (red
dots), RIKEN (green dots) and the meta-analysis (purple dots).
Conclusions
Our GWASs and meta-analysis demonstrate that SNPs in PDLIM3
and DSCAM have impact on PFS and OS in mRCC patients
receiving sunitinib. The underlying link between the identified
novel candidate genes and the molecular mechanisms of sunitinib
action needs to be elucidated.
References
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Aim
Higher imatinib exposure is correlated with longer time to
progression, while the variability in exposure is high. This
provides a strong rationale for therapeutic drug monitoring, which
has, therefore, been implemented in routine clinical practice
in our institute. The aim of this study was to evaluate whether
pharmacokinetically (PK)-guided dose increases are feasible in
daily clinical practice and result in an improved exposure (Cmin
≥ 1100ng/mL) and longer progression-free survival (PFS).
Methods
This retrospective study included all patients with a
gastrointestinal stromal tumour (GIST) in the Netherlands Cancer
Institute who started imatinib treatment at a dose of 400 mg and
of whom PK plasma samples were available. Of these patients,
minimum plasma concentrations (Cmin) of imatinib, frequency
and successfulness of PK-guided dose increases and PFS in the
palliative treatment setting were analysed.
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Results
In total, 169 consecutive patients were included, of whom 1402
PK samples were collected. In 126 patients (75%), Cmin was
below the efficacy threshold of 1100 ng/mL. In 78 of these
patients (62%), a PK-guided dose increase was performed, which
was successful in 49 patients (63%). PFS was similar in patients
with and without imatinib dose increase. However, due to the
small number of patients with progressive disease, no definite
conclusions on the effect on PFS could yet be drawn.

engagement as measured by a reduction in pRIPK1 in stimulated
PBMCs compared to baseline. The maximal mean inhibition after
SAR44306 treatment was -66.0 (± 21.6, n=8) percent change
from baseline in the placebo/SAR443060 treatment sequence
and -75.7% (± 15.0%, n=6) in the SAR443060/placebo treatment
sequence (Figure 1).

Conclusions
This is the largest cohort evaluating PK-guided dose increases
of imatinib in patients with GIST in routine clinical practice and
demonstrating its feasibility. PK-guided dose increases should be
applied to optimise exposure in the significant subset of patients
with a low Cmin.
Reference
For further reading: Eur J Cancer 2020; 136: 140-148
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Maurits F J M Vissers1,2, Jules A A C Heuberger1, R Tsai3, R
Erickson3, A Cruz-Herrranz3, J Harris3, F Huang3, V Tong3,
Y Zhu3, K Scearce-Levie3, J Hsiao-Nakamoto3, X Tang3, C
McKenna3, C Ho3, M Troyer3, R.J. Pomponio4, M. AlonsoAlonso4, M. Zilberstein4, N. Atassi4, Geert Jan Groeneveld1,2
1
CHDR, Leiden, The Netherlands; 2LUMC, Leiden, The
Netherlands; 3Denali Therapeutics Inc., South San Francisco,
USA; 4Sanofi Genzyme, Cambridge, USA.

POSTERS

Introduction
Receptor-interacting serine/threonine-protein kinase 1 (RIPK1)
is a master regulator of inflammatory signaling and cell death
and increased RIPK1 activity is observed in human diseases
characterized by excess cell death and inflammation, including
in amyotrophic lateral sclerosis (ALS).1 RIPK1 inhibition has
been shown to protect against pathology and cell death in a range
of preclinical cellular and animal models of neurodegenerative
diseases.2 SAR443060 (DNL747) is a selective, orally
bioavailable, CNS–penetrant, small-molecule, reversible
inhibitor of RIPK1.
Objectives
The goal of this study was to evaluate the safety, tolerability,
pharmacokinetics (PK) and pharmacodynamics (PD) of 28 days
of SAR443060 50 mg twice-daily (BID) dosing in 16 patients
with ALS.
Methods
This multicenter, randomized, double-blind, placebo-controlled
phase 1B study (NCT03757351), used a cross-over design
consisting of two 28-day treatment periods, separated by 14
days of wash-out. Vital signs, ECG, standard laboratory safety
assessments, physical and neurological examinations, and
adverse events were recorded to monitor safety and tolerability.
Drug concentrations were determined in blood and cerebrospinal
fluid (CSF) samples for PK, and target engagement was measured
via phosphorylation of RIPK1 at serine 166 (pRIPK1) in human
peripheral blood mononuclear cells (PBMCs).
Results
RIPK1 inhibition was generally safe and well tolerated for 28
days in patients with ALS (n=15). SAR443060 distributed into
CSF after oral administration and demonstrated peripheral target
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Figure 1. Mean (± SD) percentage pRIPK1 inhibition
(AU(signal)) compared to baseline after SAR443060 and placebo
administration in ALS patients by treatment sequence
Conclusion
This study demonstrates short term safety, CNS penetration, and
peripheral target engagement of SAR443060 in patients with
ALS.
References
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Introduction
Suboptimal self-management of inhaled corticosteroids (ICS)
in asthma patients is frequently observed in clinical practice and
associated with poor asthma control. Driving factors for suboptimal
self-management are complex and consist of a range of behavioural
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barriers (cognitive, affective and practical) with a considerable interindividual variability. Identification of individual barriers facilitates
the use of corresponding behaviour change techniques and tailored
care to improve asthma treatment outcomes.

Intensive Care (REVIVE), Amsterdam Medical Data Science
(AMDS), Amsterdam Cardiovascular Sciences (ACS),Amsterdam
Infection and Immunity Institute (AI&II), Vrije Universiteit
Amsterdam, Amsterdam, The Netherlands

Objective
This study describes the development and validation of the
‘Respiratory Adherence Care Enhancer’ (RACE) questionnaire
to identify individual barriers to self-management of ICS therapy
in asthma patients.

Altered pharmacokinetics (PK) of hydrophilic antibiotics in
critically ill patients is common, with possible consequences for
efficacy and resistance.

Results
The developed questionnaire is made up of 6 TDF-domains,
covering 10 self-management barriers with 23 questions. For the
validation 64 patients completed the questionnaire, of whom 61
patients were interviewed. Cronbach’s alpha for the consistency
of questions within the barriers ranged from 0.58 to 0.90. Optimal
cut-off values for the presence of barriers were determined at a
specificity between 67% and 92% with a sensitivity between
41% and 83%. Significant Areas Under the Receiver Operating
Curves values were observed for 9 barriers with values between
0.69 and 0.86 (p-value <0.05), except for ‘Knowledge of ICS
medication’ with an insignificant value of 0.53.
Conclusion
The RACE-questionnaire yields adequate psychometric
characteristics to identify individual barriers to self-management
of ICS therapy in asthma patients, facilitating tailored care.
E-mail addresses:
Claire D. Visser MSc: C.D.Visser@lumc.nl
Jip M. Linthorst MSc: Jiplinthorst@hotmail.com
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Dr. Joyca Lacroix: joyca.lacroix@philips.com
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Population Pharmacokinetics and Probability of Target
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in Critically Ill Patients with a Proven or Suspected
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Methods
Blood samples were collected for ceftazidime concentration
measurement. A population PK model was constructed, and
probability of target attainment (PTA) was assessed for targets
100% T > MIC and 100% T > 4 x MIC in the first 24 h.
Results / Conclusions
Ninety-six patients yielded 368 ceftazidime concentrations. In
a one-compartment model, variability in ceftazidime clearance
(CL) showed association with CVVH. For patients not receiving
CVVH, variability in ceftazidime CL was 103.4% and showed
positive associations with creatinine clearance and with the
comorbidities hematologic malignancy, trauma or head injury,
explaining 65.2% of variability. For patients treated for at least
24 h and assuming a worst-case MIC of 8 mg/L, PTA was 77%
for 100% T > MIC and 14% for 100% T > 4 x MIC. Patients
receiving loading doses before continuous infusion demonstrated
higher PTA than patients who did not (100% T > MIC: 95%
(n = 65) vs. 13% (n = 15); p < 0.001 and 100% T > 4 x MIC:
20% vs. 0%; p = 0.058). The considerable IIV in ceftazidime
PK in ICU patients could largely be explained by renal function,
CVVH use and several comorbidities. Critically ill patients are at
risk for underexposure to ceftazidime when empirically aiming
for the breakpoint MIC for P. aeruginosa. A loading dose is
recommended.
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Methods
The development included: 1) an inventory of self-management
barriers based on a literature review, 2) expert assessment on
relevance and completeness of this set, linking these barriers to
behavioural domains of the Theoretical Domains Framework
(TDF) and 3) the formulation of corresponding questions
assessing each of the barriers. A cross-sectional study was
performed for validation. Primary care asthma patients were
invited to fill out the RACE-questionnaire prior to a semistructured telephonic interview as golden standard. Barriers
detected from the questionnaire were compared to those
mentioned in the interview.

Aims
We aimed to describe ceftazidime population PK in critically ill
patients with a proven or suspected Pseudomonas aeruginosa
infection and to establish optimal dosing.
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Both sex and total body weight drive pharmacokinetic
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Fluconazole is frequently used for the treatment of (invasive)
Candida infections. Obesity, and especially morbid obesity, is
known to influence the pharmacokinetics of many drugs, which
may lead to therapeutic failure or toxicity. While obesity is
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recognized as a worldwide pandemic, dedicated studies assessing
the impact of obesity on the pharmacokinetics of drugs to provide
optimal dosing regimens are limited.
Aims
This study aims to characterize the pharmacokinetics of oral and iv
fluconazole in obese subjects and to identify covariates that impact
fluconazole pharmacokinetics. The results are subsequently used
to derive dosing regimens for this special patient population.
Methods
We performed a prospective pharmacokinetic study with intensive
sampling on fluconazole in obese subjects undergoing bariatric
surgery (n = 17, BMI ≥ 35 kg/m2) and non-obese subjects (n = 8,
18.5 ≤ BMI < 30 kg/m2) without renal dysfunction. Participants
received a semi-simultaneous single oral dose of 400 mg
fluconazole capsules, followed by 400 mg iv after two hours,
and subsequent sampling until 48 hours after dosing. Population
pharmacokinetic modeling and simulation were performed using
NONMEM.
Results / Conclusions
A total of 421 fluconazole concentrations from 25 individuals
with weights ranging between 61.0 and 170 kg were available
for analysis. A bioavailability of 87.5 % with high interindividual
variability (95% distribution interval 43.9 - 98.4%) was found in
obese and non-obese subjects. Increasing weight leads to both
higher fluconazole clearance and volume of distribution. Sex
also significantly impacts Vd resulting in larger values in males
compared to females. As a result, males with a weight ≥ of 140 kg
need an increased iv loading dose of 600 mg twice daily, versus
800 mg once daily, to ensure adequate exposure on day 1.
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Obesity alters fluconazole pharmacokinetics, which puts the
severely obese adults without renal impairment at increased risk
of suboptimal exposure, for which adjusted dosing advice is
proposed. High interindividual variability in exposure should be
anticipated upon oral dosing in all patients.
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An update on the use of allometric and other scaling methods
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Introduction
When there are no pediatric data available for a specific drug,
allometric and other more complex scaling methods are available
to scale drug clearance from adult values across the pediatric
age-range. Recently, the systematic accuracy of five commonly
used pediatric scaling methods has been established against
gold standard PBPK predictions by exploring the performance
for up to 84.000 hypothetical drugs with realistic ranges of drug
properties 1–6.
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Objective
To provide a priori guidance on the selection of pediatric
clearance scaling methods for novel drugs for which no pediatric
data is available and for off-label drug prescription in clinical
practice.
Methods
Results of the original studies 1–6 were compared and summarized
in a pediatric scaling decision table. First, it was assessed when
fixed allometric scaling with an exponent of 0.75 (AS0.75)
and/or linear bodyweight-based scaling (linearBW) yield
systematically reasonable accurate clearance predictions (PE <
50% compared to PBPK clearance predictions). Second, it was
evaluated whether one of three other scaling methods which
require more mechanistic information ((age dependent exponent
(ADE) scaling, fixed allometric scaling with maturation function
(AS0.75+MF) and/or between-drug extrapolation of pathwayspecific pediatric covariate functions (BEPC)) is systematically
(reasonably) accurate.
Results
The pediatric decision table shows that for children above
five years, both AS0.75 and linearBW scaling can be used to
reasonably accurately scale clearance. In children below five
years, additional information regarding elimination pathway, drug
properties and/or isoenzyme maturation is required before it can
be decided whether AS0.75, linearBW or other scaling methods
should be applied. In the very young it has been identified for
which drug properties scaling methods are not accurate, meaning
that PBPK modelling is advised.
Conclusions
By unravelling the minimum amount of information required for
accurate scaling of clearance from adults to children of various
ages, the pediatric scaling decision table enables the selection
of appropriate pediatric scaling methods. The decision table
can be used to optimize the initial dose for first-in-child trials
and to determine the pediatric dose in clinical practice for drugs
prescribed off-label until evidence-based dosing guidelines are
developed.
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Introduction
With approximately 50% of the drugs being prescribed off-label,
the paediatric patient population is in need for an innovative
approach to establish harmonized, best evidence-based dosing
guidelines. Physiologically-based pharmacokinetic (PBPK)
modelling is widely recognized as a valuable tool to predict drug
pharmacokinetics (PK) and thereby supports off-label dosing.
As a first step, a list of drugs with priority for paediatric PBPK
modelling needs to be created.
Objectives
We aimed to identify drugs suitable to verify PBPK approach
(high quality paediatric PK data available), and drugs for which
a high need of model-informed dosing recommendations exists.
Methods
In order to categorize drugs relevant for paediatric PBPK
modelling, the following elements were taken into consideration:
1) the Model List of Essential Medicines for Children (EMC)
of the WHO, as it includes drugs which are considered to be
essential for a basic health system 2) the Dutch Paediatric
Formulary (DPF) to screen whether the drug is relevant for Dutch
paediatric healthcare 3) the repository of the Simcyp® Simulator
and scientific literature to find Simcyp® PBPK compound files
and 4) the opinion of clinicians on the relevance of the drug,
the current level of evidence of paediatric dosing advices and
the availability of PK data for further prioritization. Drugs were
categorized in the following groups: 1. Verification 2. High
priority 3. Moderate priority and 4. No priority.
Results
Of the 249 single drugs from the EMC, 187 drugs are listed in the
DPF. For 74 of these 187 drugs, a Simcyp® PBPK compound file is
available, either from the Simcyp® software (n=12), its repository
(n=37) or from literature (n=25). Consultation with clinicians and
careful screening of the level of evidence of its dosing advice in the
DPF and the availability of PK data resulted in the creation of four
distinct groups pinpointing the need for paediatric PBPK modelling.
Conclusion
This work represents a first step towards elucidating the potential
of PBPK models to guide off-label dosing in paediatrics. A joint
effort with multiple research teams and internationally accessible
platform are needed to share information on paediatric PBPK
modelling and eventually implement model-informed doses in
clinical practice.
Funding
This abstract is based on research funded by the Bill & Melinda
Gates Foundation.
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A pragmatic PBPK modelling approach supporting modelinformed dosing in paediatrics: a case study with meropenem
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Introduction
More than half of all drugs are still prescribed off-label to
children. To support dosing recommendations for all these drugs,
indications and age groups, pharmacokinetic (PK) data are needed,
but often unavailable. Physiologically-based pharmacokinetic
(PBPK) models are increasingly used to study PK and guide
dosing decisions, which may also present a solution here. We
hypothesize that PBPK models, containing specific drug and
adult ‘systems’ data (‘virtual adult’), can be used pragmatically to
predict paediatric exposure, when drug data is combined with the
already
developed paediatric systems data (‘virtual child’).
83234304
A pragmatic PBPK modelling approach supporting model-informed dosing in paediatrics: a case study

with meropenem
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ABS-83218947
Towards efficient use of existing PBPK models to improve
paediatric dosing guidelines

Results
Table 1 – Meropenem model performance with the adult, paediatric and preterm system files.

Adults 18-49 yr
Children 4.5-11.8 yr
Children 0.2-12.3 yr
Neonates

Clearance (L/h/kg)
Observed
0.19
(0.15-0.22)
0.33 (0.30-0.37)
0.31 ± 0.08
0.31 ± 0.08
0.39 ± 0.12

Parameter - Median (range) or mean ± SD
Volume of distribution (L/kg)
Ratio
Observed
Predicted
0.79
0.23
0.28
(0.66-1.06) (0.17-0.27)
(0.28-0.28)
0.92
0.81
0.4 ± 0.1
0.29 ± 0.01
0.81
0.4 ± 0.1
0.29 ± 0.01
0.65
0.5 ± 0.1
0.29 ± 0.01

Predicted
0.15
(0.15-0.16)
0.30 (0.25-0.36)
0.25 ± 0.04
0.25 ± 0.04
0.25 ± 0.04

0.20
0.18 (0.11-0.31) 0.91
0.45
0.16
0.18 (0.10-0.30) 1.32
0.46
0.12
0.18 (0.10-0.30) 1.46
0.47
0.09
0.18 (0.10-0.31) 1.97
0.49
0.16 ± 0.05
0.18 ± 0.04
1.16
0.74 ± 0.37
0.16 ± 0.07
0.18 ± 0.04
1.12
0.61 ± 0.30
Abbreviations: yr – years; wk – weeks; d – days; GA - Gestational age; PNA – Postnatal age.
≥32wk GA, PNA ≥14d
≥32wk GA, PNA <14d
<32wk GA, PNA ≥14d
<32wk GA, PNA <14d
<32wk GA, PNA ≥5d

0.39 (0.34-0.45)
0.38 (0.32-0.43)
0.33 (0.30-0.38)
0.32 (0.29-0.36)
0.34 ± 0.02
0.34 ± 0.02

Ratio
1.22
(1.04-1.65)

0.73
0.73
0.58
0.86
0.82
0.71
0.65
0.46
0.56

Conclusion - Our pragmatic PBPK modelling approach to predict paediatric exposure is feasible, with
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Quantifying requirements for additional sedatives in
critically-ill children using a repeated time to event analysis
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Introduction
Protocolized sedation in critically-ill children guides the selection of
sedatives and their dose during mechanical ventilation. Treatment
failure occurs when patients remain undersedated despite dose
increases, which is treated with the addition of another sedative
to the regimen. Early prediction of treatment failure is important
to reduce the risk of self-extubation and patient discomfort.
We investigated the hazard of treatment failure in protocolized
sedation in mechanically ventilated critically-ill children using a
repeated time to event analysis.

Background
Microplastics are a pressing global concern. Inhalation of
microplastic fibers has been associated with interstitial lung
disease related to alveolar epithelial damage in nylon flock
workers. However, the means by which fibers affect lung tissue
and epithelial growth remains unknown.

Methods
Data from a randomized controlled trial1 in mechanically
ventilated children (n = 113) were included for analysis. An event
was defined as the addition of a new sedative at least three hours
after the administration of the previous additional sedative or after
the latest dose escalation. The event hazard for treatment failure
was estimated using various hazard distributions in NONMEM
v7.4.3. A simultaneous dropout hazard model was implemented to
test whether patient’s extubation confounded the estimation of the
event hazard. Continuous, categorical and time varying covariates
were tested for significance, followed by model validation2 for the
final model.
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Results
67 patients had no events of treatment failure, 34 patients had one
event, and 12 patients had two or more events. Treatment failure
was found to be decreasing over time following a Gompertz
distribution, while the dropout hazard was constant. Increases
in daily obtained disease severity (PELOD) score, indicating
worsening health, were associated with an increased hazard of
treatment failure. On the other hand, decreases in PELOD score,
indicating better health, were associated with a higher hazard
of dropout. Bootstrap resampling (n = 1000) confirmed the
final model to be robust. Model validation demonstrated good
agreement between observed and model predicted events.
Conclusion
Our RTTE analysis estimated a decreasing hazard of treatment
failure over time in critically-ill children receiving protocolized
sedation during mechanical ventilation, which is affected by the
PELOD score. Worsening disease, indicated by increasing PELOD
scores, increases the hazard of treatment failure, which can be used
to identify patients most at risk for requiring additional sedatives.
References
1. N. J. Vet et al., Intensive Care Med, 42:233–244, 2016
2. S. C. Goulooze et al. AAPS J., 2018
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Aims
Our aim was to assess the effects of nylon and polyester textile
microplastic fibers on epithelial growth and differentiation using
airway and alveolar lung organoids cultured from epithelial cell
progenitors, isolated both from murine lungs and human lung
tissue obtained from COPD patients.
Methods
We studied the effects of nylon or polyester on growth of
primary murine and human lung epithelium using a model of
lung organoids. Lung organoids were established by co-culturing
CD45-/CD31-/EpCAM+ cells with fibroblasts in matrigel.
The number of organoids was manually counted and organoid
diameter was measured.
Results
Exposure to nylon (11x30 µm) or polyester (15x53 µm)
microfibers resulted in significantly fewer and smaller human
and murine airway organoids after 14 days of culture, the effect
being most profound with nylon. Alveolar organoids were not
affected by these fibers. Incubation with nylon- or polyesterconditioned medium also resulted in fewer airway organoids.
Effects were mainly observed in developing airway organoids;
exposure of developed organoids from day 14 to day 21 to
fibers or fiber-conditioned medium had no significant effect on
organoid number or size.
Conclusions
In conclusion, airway organoid formation is negatively impacted
by the presence of textile microplastic fibers and this effect
appears to be mediated by leaching additives. Our results suggest
that microplastic fibers may especially harm the developing
airways or airways undergoing repair. Further studies will focus
on identifying these additives and the mechanism behind their
effect. Importantly, wider investigations into the presence of
microplastic fibers in human lung tissue are urgently needed to
determine the actual risk of these fibers to human health.
ABS-83244991
A translational modeling approach to predict the brain
unbound pharmacokinetic profiles of Alzheimer’s patients
and cognitively healthy elderlies
M.A.A. Saleh1, J. Bloemberg1, J. Elassaiss-Schaap1,2, E.C.M. de
Lange1
1
Systems biomedicine and pharmacology, LACDR, Leiden
University, Leiden, The Netherlands; 2PD-value, Houten, The
Netherlands
Alzheimer’s disease (AD) drug development has suffered
a high failure rate that could be attributed in part to poor
pharmacokinetics in patients, either insufficient drug exposure
or inadequate pharmacokinetic profile (PK) at the brain
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Aims
The goal of this research is to predict the impact of healthy
aging and AD on brain PK. To this goal, we have translated
LeiCNS-PK3.0, by incorporating the aging and AD-related CNS
physiological changes in the model.
Methods
An extensive literature search in PUBMED was performed to
identify the AD- and aging-related changes of CNS physiology.
LeiCNS-PK3.0 was re-parameterized based on the literature
search results. Model simulations were performed for 4 ADrelevant drugs: memantine, rivastigmine, galantamine, and
semagacestat, comparing the PK of a young adult, a 75-year-old
cognitively healthy elderly, and a 75-year-old mild AD patient.
Model simulations were performed in R (version 4.0.3) using
RxODE (version 0.9.2-0).

Results / Conclusions
LeiCNS-PK3.0 simulations suggest that the brainECF/ICF, and
CSF PK of AD patients are different than those of young and agematched cognitively healthy elderlies. As shown in the figure,
brainECF/ICF Cmax of galantamine increased by 200%, of memantine
by 120%, of rivastigmine by 160%, of semegacestat by 200%.
Thus, AD might impact the brain and CSF PK in a drug dependent
manner. This study highlights the importance of accounting for
the altered physiology when translating PK between populations.
References
1. De strooper. Cell. 2014. Doi: 10.1016/j.cell.2014.10.016
2. Saleh et al. J. Pharmacokinet. Pharmacodyn. 2021. Doi: 10.1007/
s10928-021-09768-7
3. Saleh and de Lange. Pharmaceutics. 2021. Doi:10.3390/pharmaceutics13010095
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Introduction
Drug related problems (DRPs) are common in patients with
chronic kidney disease. They contribute substantially to drugassociated morbidity and mortality, leading to prolonged
hospitalization and increased healthcare costs. Participation of
clinical pharmacists in ward rounds reduces DRPs in hospitalized
patients1, but this requires acceptance of pharmacist advices by
the prescriber. Due to the learning curve of both the pharmacist
and the medical team, and the time it takes to acquire a role in the
medical team, the number of interventions may decrease while
acceptance rates may increase over the years, but this has not
been explored before.
Objectives
We designed this study to explore the time trend in both number
of interventions and acceptance rate of pharmacist interventions.
Methods
In this retrospective, single-center study data were extracted from
medical records. The study period ranged from 2015 to 2019.
Primary outcome measure was the number of interventions,
secondary outcome measure was the acceptance rate of
pharmacist interventions. The Cochran-Armitage test for trend
was used to analyse the trends in acceptance rate and number of
interventions per patient.
Results
Patients had a mean age of 69 years, used 13 different drugs,
and 58% of them were male. The prevalence of CKD stage 3 or
higher was 81%. Approximately 46% of patients were on renal
replacement therapy, including renal transplantation. The most
frequent reasons for hospitalisation were infections (40%), acute
kidney injury (38%), fluid retention (15%), diagnosis or analysis
of renal disease (15%), and start of dialysis treatment (12%).
A significant linear increasing trend in the number of interventions
per patient was observed (see table 1). The mean acceptance rate
of pharmacist interventions over the five year study period was
67.3% and did not change over time.
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extracellular (brainECF) and intracellular fluid (brainICF) [1]. Poor
PK could result in a lack of drug efficacy and/or an unacceptable
side effects. Unbound PK at brainECF/ICF, the drug target sites,
is the driver of CNS drug (side) effects. Measuring such profiles,
while indispensable for drug development, is challenging due to
the ethical restrictions of human brain sampling, the inadequate
information obtained by imaging, and the context dependency
of cerebrospinal fluid (CSF) as a surrogate for unbound brain
PK [2,3]. We have previously published LeiCNS-PK3.0, a
CNS physiologically based PK (PBPK) model that can predict
human brainECF and CSF PK with less than two-fold error [2].
The mechanistic and physiological framework of LeiCNSPK3.0 allows interpopulation translation by accounting for
pathophysiological alterations of the system.

Table 1. Acceptance rate and number of interventions per patient
Acceptance
rate (%)
Number of
interventions
per patient

2015
69.1

2016
67.4

2017
62.7

2018
75.0

2019
62.3

p
0.659

1.41

1.57

1.31

1.70

1.93

0.010

Conclusions

Conclusions
In contrast to our hypothesis, the number of interventions per patient increased over time.
This contrast
may be explained
the increased
complexity
of the
patient population
over time. The
In
to by
our
hypothesis,
the
number
of interventions
mean acceptance rate of pharmacist interventions was 67.3%, which is similar to earlier Dutch
per
patient
increased
over
time.
This
may
be
explained
by the
data from two ICUs. The acceptance rate did not change over time.
increased
complexity of the patient population over time. The
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The protective role of novel SK channel activators in
glutamate-mediated toxicity models

Resolution of acute inflammation is an active process, which is
initiated by the omega3 fatty acids docosahexaenoic acid (DHA)
and eicosapentaenoic acid (EPA) [1].
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a
Department of Molecular Pharmacology, University of
Groningen, The Netherlands
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Objective
We investigated the anti-inflammatory properties of DHA and
EPA on lipopolysaccharide (LPS)-induced inflammation in lung
epithelial cells.

Introduction
Small conductance calcium-activated potassium (SK) channels
have been implicated in neurological diseases, including
Parkinson’s and Alzheimer’s disease. Besides regulating
plasma membrane excitability, SK channel activation induced
neuroprotection by reducing the mitochondrial calcium uptake,
and reactive oxygen species (ROS) production. Recently, we
developed novel pharmacological SK2 channel openers, based
on compound affinity to the SK2 channel binding pocket. We
have screened 11 potential SK2 channel positive modulators and
selected compound 6 for its neuroprotective role in ferroptosis
induced by glutamate, erastin and RSL3.
Objectives
To investigate whether compound 6 act as a neuroprotective
compound in oxidative stress conditions and compare its potency
to traditional SK channel activator, CyPPA.
Methods
Microelectrode array was used to show the impact of compound
6 on firing rates in murine primary neurons. MTT assays,
xCELLigence measurements and Annexin/PI were combined
to determine cell viability of neuronal HT22 cells. Additionally,
we examined the effect of compound 6 on glutamate toxicity,
mitochondrial ROS production and mitochondrial calcium
uptake via FACs measurements.

Results
Cell viability was not affected by either DHA, EPA, LPS or
the combination in A549 and BEAS-2B cells. LPS stimulation
enhanced IL-8 expression and secretion by A549 cells.
Interestingly, DHA and (to a lesser extend) EPA reduced LPSinduced expression of this inflammatory marker on both mRNA
and protein level. Furthermore, LPS induced the degradation
of IKb-alpha and enhanced nuclear expression of p65, without
having an effect on total levels of p65 or IKKb. Preliminary
data suggest that DHA and EPA attenuate LPS-induced NF-kB
signaling in A549 cells. Importantly, we found in the organoid
model that LPS induces KC release (mouse homologue of IL-8),
a process significantly reduced by DHA but not EPA.
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Results/Conclusions
We determined the IC50 of several novel potential activators of SK
channels in neuroprotective studies against ferroptotic cell death
and established compound 6 as a potent neuroprotective compound
and SK channel opener. Compound 6 reduced the neuronal firing
rates induced by glutamate in primary neuronal cells. It prevented
ferroptotic cell death in a concentration-dependent manner
(1µM-20µM), as detected by MTT assay and xCELLigence
measurements. Annexin/PI FACS analysis showed that the
increased number of double positive stained cells after glutamate
exposure were largely attenuated by compound 6. Compound 6
prevented the mitochondrial calcium uptake, mitochondrial ROS
production mediated by the glutamate challenge. These data
demonstrate a novel class of compounds that open SK channels
and mediate neuroprotection in conditions of oxidative stress.

Conclusion
DHA and to a lesser extend EPA reduce the inflammatory
response induced by LPS in lung alveolar epithelial cells by
suppressing IL-8 gene expression and cytokine release. LPSinduced activation of NF-kB signaling is potentially reduced by
EPA and DHA. The exact mechanism by which EPA and DHA
act is currently investigated in more detail.
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The effect of Omega-3 fatty acids DHA and EPA on
inflammation in lung epithelial cells
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Introduction
The acute inflammatory response to injury or pathogens protects
the host from systemic infection and initiates tissues repair.
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Methods
Human bronchial epithelial (BEAS-2B) cells and human alveolar
epithelial (A549) cells were exposed to different concentrations
(max. 100 μM) and time-periods (1 to 24h) of DHA and EPA
followed by stimulation with LPS (0.01-100 μg/ml). Cell viability
was measured by MTT. The inflammatory markers interleukin-8
(IL-8) and interleukin-6 (IL-6) were measured by ELISA. The
gene expression of IL-8 and IL-6 was determined by RT-qPCR.
Protein expression of NF-kB pathway components IkkB, IkB-α
and p65 were detected by western blot and immunofluorescence.
To translate the findings from the 2D cell cultures to the 3D cell
cultures, a mouse organoid model comprised of a co-culture
of primary mouse CD31-CD45-Epcam+ cells with CCL206
fibroblasts was used.

Reference
1. MG Duvall et al., "DHA-and EPA-derived resolvins, protectins, and maresins in airway inflammation." European journal of pharmacology. 2016.
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Epac2 defines the neurotoxic effect of Aβ in experimental
models of Alzheimer’s disease

Introduction
One of the major hallmarks of Alzheimer’s Disease (AD) is
the accumulation of amyloid beta (Aβ). We showed that Aβ
causes synaptic depression through reducing currents of GluA3containing AMPA receptors (AMPARs). GluA3 ion channel
conductance depends on the levels of cAMP1. Even though the
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Objectives
We aim to investigate whether activation of Epac2 can
counterbalance the neurotoxic effect of Aβ on GluA3-containing
AMPA receptors.
Methods
Pharmacological modulation of Epac2 activity was done in
the presence or absence of oligomeric Aβ. A selective Epac2
activator and inhibitor as well as a pan-Epac activator were
used for cell viability assays using MTT. Caspase-3 and pan
caspase inhibitors were used as control. Other methods included
Western blot analysis and immunofluorescence. Analyses were
conducted using AD and healthy human brain samples, Aβ
overexpressing transgenic (J20) and wildtype mice, and retinoic
acid-differentiated SH-SY5Y cells3.
Results
We observed a significant decrease of Epac2 protein expression
in both AD patient samples and J20 mice compared to controls.
GluA3 protein expression was substantially decreased in AD
patient samples compared to controls. On the other hand, Epac2
activation in differentiated SH-SY5Y cells was not protective
against Aβ-induced cell death. In addition, pretreatment of
differentiated SH-SY5Y cells with Epac2 activator before
inducing toxicity with Aβ led to a significant further decrease
in cell viability compared with the cotreatment group. Similarly,
pretreatment of differentiated SH-SY5Y with a high concentration
of pan-Epac activator showed a significantly lower cell viability
than the cotreatment group. High concentrations of Epac2
inhibitor alone induced significant cell death involving caspases.
Epac2 inhibitor did not reverse the Aβ-induced cell death. On
protein level, treatment with Aβ decreased Epac2 and GluA3 in
differentiated SH-SY5Y cells, while the Epac2 activator tend to
increase GluA3.
Conclusions
Our results indicate a decrease in GluA3 and Epac2, particularly
in human AD samples. Effects mimicked in Aβ treated
differentiated SH-SY5Y cells. Interestingly, Epac2 activation
tend to increase GluA3 protein expression in the neuronal-like
cells. The activation of Epac2 did however not protect against
Aβ but instead promoted cell death. We propose a model in which
channel activation or increased GluA3 abundance through Epac2
activation increase neuronal sensitivity towards Aβ. Differential
stages of Epac2 activity seem to define the neurotoxic effect of
Aβ, thereby potentially AD memory deficits.
References
1. Renner, M. C. et al. Synaptic plasticity through activation of GluA3containing AMPA-receptors. Elife (2017) doi:10.7554/eLife.25462.
2. Ostroveanu, A., Van Der Zee, E. A., Eisel, U. L. M., Schmidt,
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neuroblastoma cells in neurobiology. Methods Mol. Biol. (2013)
doi:10.1007/978-1-62703-640-5_2.
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Air pollution exposure is one of important threat for human health.
Diesel combustion produces diesel exhaust particles (DEP) which
seem to contribute to the onset of different neurological diseases
due to the induction of oxidative stress, inflammation and neuronal
degeneration [1]. However, the underlying molecular mechanisms
are not well defined. Glutamate induced neurotoxicity has been
linked to oxidative stress and neuronal cell death including the
newly identified iron-dependent from of cell death ferroptosis [2].
Aims
We investigated in this study a potential interaction between glutamate
induced neurotoxicity and DEP using in HT22 cells as model system.
Methods
Hippocampal neuronal (HT22) cells were treated with DEP and
BioDEP [3] at different concentrations (up to 600 μg/mL) for 24h
alone or in combination with glutamate (3 mM, 18h) at the indicated
concentrations for 18h. Cell viability was measured by MTT assay
[4]. Effects of the pan-caspase inhibitor QVD (10 μM, 18h) and the
ferroptosis inhibitor ferrostatin-1 (5 μM, 18h) was studied.
Results/ Conclusions
HT22 cells were treated for the indicated time points and
concentrations with DEP and BioDEP. Neither DEP nor BioDEP
treatment caused any significant change in the cell viability of HT22
cells. Compared with glutamate treatment alone, the combination
of glutamate and BioDEP (100 μg/mL) treatment led to significant
reduction in cell viability of HT22 cells. In contrast, DEP and
glutamate co-treatment induced cell death of HT22 cells was not
significantly different from glutamate treatment alone. Treatment of
HT22 cells exposed to glutamate and BioDEP with the pan-caspase
inhibitor QVD did not restore cell viability. In contrast, treatment
of HT22 cells exposed to glutamate and BioDEP with ferrstatin-1
restored the cell viability. Our current work demonstrates that cotreatment of HT22 cells with glutamate and BioDEP – but not DEP
- caused a significant increase in cell death. Interestingly, accelerated
cell death of HT22 cells by glutamate and BioDEP was caspase
independent, but seem to involve ferroptosis.
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molecular mechanism through which cAMP regulates GluA3
still remains to be identified, it may involve the exchange
proteins directly activated by cAMP (Epac). We also showed that
downregulation of Epac2 in the hippocampal CA1 area impaired
memory retrieval in C57BL/6 mice2. However, how Epac2
activity contributes to memory retrieval and the underlying
mechanisms by which it coordinates memory is still unclear.
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2. Wan, S.Y. and B.R.J.T.i.c.b. Stockwell, Ferroptosis: Death by Lipid
Peroxidation. 2015. 26(3): p. 165-176.
3. Gerlofs-Nijland, M.E., et al., Inhalation toxicity profiles of particulate
matter: a comparison between brake wear with other sources of emission.
Inhalation Toxicology, 2019. 31(3): p. 89-98.
4. Krabbendam, I.E., et al., SK channel activation potentiates auranofininduced cell death in glio- and neuroblastoma cells. 2019. 171: p. 113714.

Dutch Medicines Days 2021 | September 27th - 28th | Abstracts Poster Presentations

23

Toxicology

Regulatory Science

ABS-83279742
The role of ADP/ATP carrier function in drug-induced
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Introduction
Drug-induced organ failure, including acute kidney injury,
increases rapidly and mitochondrial dysfunction as underlying
cause is underestimated. Mitochondrial transport proteins form
a significant class of potential off-targets. So far, most drug
interactions have been reported for the mitochondrial ADP/ATP
carrier (AAC), which exchanges cytosolic ADP for mitochondrial
ATP.
Objectives
As the contribution of mitochondrial carriers, and AAC in
particular, to nephrotoxicity remains unknown, we aimed to
investigate its role in human proximal tubule cells.
Methods
CRISPR/Cas9 was applied to generate AAC3-/- human
conditionally immortalized proximal tubule epithelial cells
(ciPTEC). First, we validated AAC3-/- cell lines at gene and
protein expression level. Isolated mitochondria of AAC3-/- cells
were used to determine ADP and ATP transport, to functionally
validate the knockout cells. To study the role of AAC3 in druginduced mitochondrial dysfunction, wildtype and AAC3-/- cells
were exposed to known AAC inhibitors, including bongkrekic
acid, carboxyatractyloside, leelamine, sertraline, suramin and
CD-437 for 24 hours, after which toxicity and effects on cellular
metabolism were assessed.
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Results
Two AAC3 -/- ciPTEC clones were successfully generated,
as confirmed on genomic, mRNA and protein level.
Functionally, ADP import and ATP export were decreased
in isolated AAC3-/- mitochondria. Exposure of ciPTEC cells
to AAC inhibitors showed reduced toxicity in the low µM
range. Moreover, AAC-mediated respiratory capacity was
decreased, with a substantial effect on respiratory spare
capacity in AAC3-/-.
Conclusion
AAC inhibition mainly seems to impact renal cells metabolic
reserve capacity, which may especially impair renal function
under energy-demanding conditions. Decreased toxicity
in AAC-/- conditions demonstrates a significant role of this
carrier in mitochondrial toxicity, highlighting mitochondrial
transporters as unexplored class of potential off-targets.
Consequently, further elucidation of their role will contribute
to the development of drugs with an enhanced safety profile.
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Introduction
European marketing authorisations (MAs) differ based on
the comprehensiveness of clinical trial data. When data are
comprehensive at time of MA application (MAA), a standard
marketing authorisation (SMA) is granted and when they are
not (yet), authorisation under exceptional circumstances (AEC)
or a conditional marketing authorisation (CMA) is granted. For
all MAAs, randomised controlled trials are the gold standard to
evaluate clinical efficacy. When uncontrolled trials are used, this
must be justified.
Objectives
To get insight in the relation between different types of MAs and
the arguments used to accept MAAs based on uncontrolled trials.
Methods
We considered all MAAs approved by the EMA in 1995-2020 and
included those that were based on full MAA dossiers (excluding
e.g., generics and biosimilars) and uncontrolled pivotal trials. We
divided this cohort in three groups of MAs: SMAs, AECs and
CMAs. Thereafter, we extracted arguments for the acceptation
of uncontrolled trials as the basis for initial MAA approval from
European Public Assessment Reports and visualised the results
through UpSet plots.
Results
Among 1454 MAAs, 752 were approved on the basis of a full
dossier. Of these, 49/632 SMAs (8%) were based on uncontrolled
trials, whereas this was 22/66 AECs (33%) and 28/54 CMAs
(52%). The five most frequently used arguments to accept MAAs
based on uncontrolled trials were lack of satisfactory treatment
(n=28, 28%), rarity of disease (n=16, 16%), severity of disease
and effect size of the efficacy endpoint (both n=15, 15%) and
adherence to a disease-specific guideline (n=14, 14%). For AECs,
the arguments often included rarity of disease (n=11, 50%). For
CMAs, arguments often included lack of satisfactory treatment
and effect size (both n=10, 36%) and severity of disease (n=6,
21%). For SMAs, arguments often included adherence to a
disease-specific guideline (n=14, 28%), but for 15 SMAs (31%),
arguments were not provided at all.
Conclusion
Uncontrolled trials were more often found in MAAs with noncomprehensive data (AECs and CMAs) than in MAAs with
comprehensive data (SMAs). In SMAs, however, justification for
acceptance was less clear. This should be improved to increase
the understanding of stakeholders on type of MA and factors of
comprehensiveness.
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Aims
The EU Commission highlights the role of academic researchers
in drug repurposing, especially in the development of orphan
medicinal products (OMPs). This study summarizes the
contribution of academia over the last five years to registered
repurposed OMPs and describes barriers to success, based upon
three real world cases.
Methods
OMPs granted marketing authorization between January 2016
and December 2020 were reviewed for repurposing and whether
the idea originated from academia or industry. Three cases of
drug repurposing were selected from different therapeutic areas
and stages of development to identify obstacles to success.
Results
Thirteen of the 68 OMPs were the result of drug repurposing.
Twelve developments originated from academia and four from
industry. The three cases showed as barriers to success: lack of
outlook for sufficient return of investments (abatacept), lack of
regulatory alignment and timing of interaction between healthcare
professionals and regulators (etidronate), failure to register an old
drug for a fair price, resulting in commercialization as a high
priced orphan drug (mexiletine).
Conclusion
While the majority of repurposed OMPs originates in academia,
a gap exists between healthcare professionals, regulators and
industry. Future strategies should aim to overcome these hurdles
leading to more patient benefit through sustainable access of
repurposed drugs.

Sonia Roldan Munoz:s.roldan.munoz@umcg.nl
Douwe Postmus:d.postmus@umcg.nl
Sieta de Vries: s.t.de.vries@umcg.nl
Peter Mol: p.g.m.mol@umcg.nl
Hans Hillege: h.hillege@umcg.nl
Regulators often communicate about new safety signals by
updating the summary of product characteristics (SmPC) and
sending direct healthcare professional communications (DHPCs).
Previous studies have shown differences across regulatory
agencies in such actions.
Aims
To understand A) the association between regulators’ level
of concern for safety signals related to sodium-glucose
cotransporter-2 (SGLT-2) inhibitors and their willingness to
update SmPCs and send DHPCs, and B) which attributes of the
safety signals and regulators’ characteristics influence their level
of concern.
Methods
We conducted an online cross-sectional survey study including a
rating-based conjoint analysis among European regulators. Level
of concern (range 0-100%) was assessed for 12 safety signals
which were described by four attributes: safety issue (diabetic
ketoacidosis (DKA), bone fractures, amputations), source of
information (spontaneous reports/epidemiological studies (SP/
EP) vs. clinical trials), level of causality (possible vs. probable),
and frequency (two times vs. three times higher than baseline
risk). We fitted generalised linear mixed effects models. For aim
A) the outcomes were SmPC and DHPC and the predictor was
level of concern. For aim B) the outcome was level of concern and
the predictors were the attributes and regulators’ characteristics
(e.g. age, gender).
Results
There were 221 regulators included (mean age 46±10 years; 64%
females). Level of concern was associated with the willingness to
update SmPCs and send DHPCs, increasing the odds by a factor
of 10.35 (95%CI 6.00 – 17.86) and 11.38 (95%CI 8.07 – 16.04)
for every 10% increase in the level of concern, respectively. All
four attributes of the safety signals were significantly associated
with the level of concern, there was no interaction between
the attributes and the effect of these attributes was found to
differ between males and females. The figure below shows the
estimated marginal means of the level of concern at the attribute
levels stratified by gender.
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Drug repurposing for rare diseases: a role for academia
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Aspects that influence regulators’ willingness to communicate
about safety issues related to SGLT-2 inhibitors
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Conclusions
Level of concern influences the communication of safety signals
and varies by the attributes of the signal and the gender of the
regulator. This suggests that it is important to have both female
and male regulators when evaluating safety signals.
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Background
Drugs eliminated by the kidney require dose adjustments in
abnormal kidney function (AKF). Although information on
dose adjustments for adults is available, pediatric information
is lacking, potentially resulting in harm due to underdosing or
toxicity.
In this project, the Dutch Pediatric Formulary (DPF), the national
guideline providing pediatric dosing recommendations, aimed to
develop best-evidence dosing recommendations for children, >3
months of age, with AKF for drugs excreted by the kidney.

Methods
20 semi-structured face to face interviews with GPs. Interviews
were analysed thematically.
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Methods
We used the Royal Dutch Pharmacy Association (KNMP) list
of drugs in which dose adjustments in adult AKF are deemed
necessary. For the first (alphabetically) 22 drugs also listed in the
DPF (n=68), we searched PubMed, but only few, if any, relevant
articles were found. Therefore, we developed a pragmatic
approach; as the KNMP dosing recommendations for AKF
are based on best-evidence, we first checked if the elimination
pathway was likely to be similar in adults and children >3
months of age. If so, the adult KNMP recommendations were
extrapolated to the existing pediatric dose in consultation with
three pediatric nephrologists and two (clinical) pharmacists.
Results
Within this project, we developed 22 dose recommendations,
such as extension of the usual dose interval, dose reductions, or
contraindications, for children >3 months with a GFR between
10 and 80 ml/min/1.73m2. Recommendations were specified
according to the severity of the AKF. After approval, the
recommendations for pediatric patients with AKF were published
in the DPF.
Conclusion
Evidence to support dose adjustments in pediatric AKF is
scarce. We designed a pragmatic approach to develop practical
recommendations for children with AKF, based on adult
dose recommendations, combined with understanding of
developmental pharmacology and clinical expertise.
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Long-term antidepressant use, much longer than recommended
by guidelines, can harm patients and generate unnecessary costs.
Most antidepressants are prescribed by general practitioners
(GPs) but it remains unclear why they do not discontinue longterm use.
Aims
To explore GPs’ views and experiences of discontinuing longterm antidepressants, barriers and facilitators of discontinuation
and required support.

Results
The first theme, ‘Success stories’ describes three strong
motivators to discontinue antidepressants: patient health issues,
patient request and a new positive life event. Second, not all
GPs consider long-term antidepressant use a ‘problem’ as they
perceive antidepressants as effective and safe. GPs’ main concern
is risk of relapse. Third, GPs foresee that discontinuation of
antidepressants is not an easy and straightforward process. GPs
weigh up whether they have the necessary skills and whether it is
worth the effort to start this process.
Conclusions
Discontinuation of long-term antidepressants is a difficult and
uncertain process for GPs, especially in the absence a facilitating
life-event or patient demand. Absence of a compelling need for
discontinuation and fear of relapse of symptoms in a stable patient,
are important barriers for GPs when considering discontinuation.
In order to increase GPs’ motivation to discontinue long-term
antidepressants, more emphasis on the futility of the actual effect
and on potential harms related to long-term use is needed.
ABS-83168864
Real-world use of granulocyte colony-stimulating factor
for primary prophylaxis of chemotherapy induced febrile
neutropenia in breast cancer patients
S.A. van Laar1, K.B. Gombert-Handoko1, S. Wassenaar1, J.R.
Kroep2, H.J. Guchelaar1, J. Zwaveling1
1
Dept. Of Clinical Pharmacy and Toxicology, LUMC, Leiden, The
Netherlands; 2Dept. of Medical Oncology, LUMC, Leiden, The
Netherlands
Introduction
Chemotherapy-induced febrile neutropenia (FN) is lifethreatening and a chemotherapy dose-limiting adverse event. FN
can be prevented with granulocyte-colony stimulating factor as
primary prevention (PP G-CSF). The EORTC guideline indicates
PP G-CSF use for patients receiving high FN risk chemotherapy
(risk: >20%), and for patients receiving intermediate FN risk
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chemotherapy (risk: 10-20%) if the overall FN risk combination
with additional patient-related FN risk factors exceeds 20% [1].
Objectives
In this study, we assessed the real-world use of PP G-CSF, patientrelated risk factors, and incidence of neutropenia (>= grade 3) and
FN in breast cancer patients receiving intermediate (IR) or high
risk (HR) chemotherapy regimens.
Methods
Breast cancer patients receiving IR or HR treatments between
January 2015 and February 2021 at Leiden University Medical
Center, the Netherlands, were included. Data were retrospectively
collected from the electronic health record using a text-mining tool
(CTCue B.V., Amsterdam, The Netherlands).
Results
In total, 194 female patients, who received 157 IR and 77 HR
treatments, were included (Figure 1). In 89.6% of the HR regimens
PP G-CSF was administered, of which 7.2% developed FN. Of the
patients without PP G-CSF, 37.5% developed FN.

ABS-83241327
Practice variation in opioid prescribing for non-cancer pain
in Dutch primary care
G Kalkman1, C Kramers1,3, J Bos1, R v Dongen2, H Schers4, R van
Boekel5, K Hek8, A Schellekens6, F Atsma7
1
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Dept. of Psychiatry, and 7IQ Healthcare, Radboudumc, Nijmegen;
8
Pharmaceutical Care, Nivel Utrecht
Introduction
Concerns have been raised on the increased use of prescription
opioid in the Netherlands, especially for chronic non-cancer pain.
Practice variation research may gain input for quality improvement
strategies. Variation unrelated to disease incidence or patient
preference may indicate over- or underuse.
Aims
To investigate practice variation in chronic (high-dose) opioid
prescribing in Dutch general practices (GP’s).
Methods
Basic patient characteristics, opioid prescriptions, and disease
episodes from 2017-2019 of ~10% of all Dutch GP’s were
obtained from Nivel. Patients aged ≥20 without a cancer diagnosis
were included. Opioid prescriptions covering a period of at least
90 days were categorized as chronic. A mean daily dose of ≥90
oral morphine equivalents (OME) was considered high-dose.
Unadjusted outcome rates were obtained by dividing the number
of patients with an outcome by the total number of included
patients per practice. Adjusted rates were corrected for age, sex,
and number of chronic diseases. Variation was quantified as the
95th/5th percentile ratio of rates.

Although most patients in the IR regimen group had two or more
risk factors, only 13.3% received PP G-CSF. Low hemoglobin
and previous chemotherapy treatment were the only risk factors
significantly related to PP G-CSF use. Of the IR treatment patients
with PP G-CSF, 14.2% developed FN and 8.8% without PP G-CSF.
Further, 28% of untreated IR patients developed neutropenia,
compared to 4.8% with PP G-CSF.
Conclusion
Among HR regimen breast cancer patients PP G-CSF use was high,
whereas among IR regimen patients this was low. This resulted in
mean FN incidence of 10% in both groups. For the HR patients,
100% PP G-CSF use should be pursued. Also, broader prescription
of PP G-CSF in IR treatment patients could further lower the risk
on FN and severe neutropenia.
References
1. Aapro, M.S., et al., 2010 update of EORTC guidelines for the use
of granulocyte-colony stimulating factor to reduce the incidence
of chemotherapy-induced febrile neutropenia in adult patients with
lymphoproliferative disorders and solid tumours. European Journal of
Cancer, 2011. 47(1): p. 8-32.

Results
We present results of 2019. Results for other years were similar.
In total 1 017 292 patients and 356 practices were included.
Overall rates for chronic <90 OME and chronic ≥90 OME opioid
prescribing were 1.4% and 0.2% respectively. Rates in chronic <90
OME opioid prescribing showed a 4.1 (unadjusted) and 4.2-fold
(adjusted) variation. For chronic ≥90 OME opioid prescribing,
rates showed a 6.9 (unadjusted) and 7.5-fold (adjusted) variation.
Moreover, 33 (9.3%) of practices had no chronic ≥90 OME opioid
prescriptions.
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Figure 1: Proportion of patients that received primary granulocytecolony stimulating factor (PP G-CSF) treatment and developed
neutropenia (≥ grade 3) or febrile neutropenia stratified for
intermediate- and high-risk chemotherapy treatments.

Conclusion
We found substantial practice variation in chronic opioid
prescribing in primary care. This variance in opioid prescribing
in Dutch PCP’s is unwarranted. Further qualitative research is
needed to better understand practice variation and improve opioid
prescribing in the Netherlands.
ABS-83276995
Gender differences in the reporting of medication-induced
sexual problems on an online platform for medication
experiences
Rineke Gordijn1, Esther Kriek2, Wendela Wessels2, Melianthe PJ
Nicolai3, Henk W Elzevier4, Loes Visser5, Henk-Jan Guchelaar1,
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Introduction
More than 300 registered drugs have information on
sexual adverse drug reactions in their Summary of Product
Characteristics. As most patients are hesitant to talk to healthcare
professionals about sexual problems, online platforms offer them
an opportunity to share sexual complaints. If complaints develop
during drug use, they are defined as sexual adverse events (sAE)
because they may or may not be causally related to the drug.
Objectives
This study evaluated sAEs reported on an online platform
(mijnmedicijn.nl®) to identify which drugs have a proportionally
high numbers of sAE and to evaluate gender differences in sAE
reporting.
Methods
Firstly, sAE terms used by patients were collected on the website
using a poll. Identified terms were used to search the platform
database for sAEs in drug reports posted between 2008 and March
2020. The retrieved reports were manually checked and labelled
for drug dechallenges or rechallenges. Proportional reporting
ratios (PRRs) were calculated for the Anatomical Therapeutic
Chemical-groups and the drugs with the most reports for sAEs.
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Results
Of the 61,623 reports posted on the platform, sAE were identified
in 2,413 reports (3.9%) for 152 drugs, more often posted by
women (n=1,380) than men (n=1,033). Men, however, more
often than women described sAE in their reports (4.8% vs 3.5%
of reports). The majority of men reporting sAE was older (40-70
years vs 20-40 years). Most sAEs concerned drugs of the ATCgroups Nervous system (N, 1,339 reviews; 60 drugs) and Genitourinary system and sex hormones (G, 765 reviews; 17 drugs).
The ATC-group G also had the highest proportion of reported
sAE, in 9.5% of reports of women (PRR 3.8) and 16.4% of
reports of men (PRR 4.2). Women most frequently reported sAE
for levonorgestrel (n=175) and paroxetine (n=122) and men for
venlafaxine (n=102) and paroxetine (n=98). 664 reports (27.5%)
described treatment cessation or dosage decrease with subsequent
sAE reduction or disappearance in 209 cases and persistent
sAE in 20 cases. In addition, 25 reports described a positive
rechallenge. In 83 reports (3.4%) the sAE was experienced as
favorable.
Conclusion
3.9% of drug patient reports on mijnmedicijn.nl® included sAE,
mostly for antidepressants and hormonal anticonception. Women
posted more reports on the platform, whereas men more often
described sAE in their reports.
ABS-83512309
Introduction
Multiple sclerosis (MS) is an immune-mediated inflammatory
disorder of the central nervous system. Patients with MS have
an increased risk of infection; risk factors include the underlying
disease, use of immunotherapies, and physical impairment.
Objectives
To compare infection rates among MS patients to those among the
general population and patients with rheumatoid arthritis (RA),
and to identify patient characteristics predictive of infections
after MS diagnosis.
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Methods
A multi-database study was conducted in UK Clinical Practice
Research Datalink (CPRD) Aurum and GOLD between January
2000 and December 2020. Overall, 23226 patients diagnosed with
MS were matched up to 1:2 MS-free controls and RA patients
by practice, year of birth, sex, and diagnosis date. Rates and
95% confidence intervals [CI] of urinary tract, skin, respiratory,
and gastrointestinal infection and sepsis were calculated.
Multivariable Poisson regression was used to estimate incidence
rate ratios (IRR) and 95%CI of potential predictors for the fiveyear rate of infection after MS diagnosis.
Results
The rate of any infection among MS patients was 0.43 [0.430.43] infections per person-year, 0.29 [0.29-0.29] among MS-free
controls, and 0.50 [0.49-0.50] among RA patients. The rate of
urinary tract infection was most elevated in MS: 0.13 [0.12-0.13]
per person-year, versus 0.047 [0. 046-0. 048] among MS-free
controls. Patient characteristics at MS diagnosis with strongest
association with infections were: infection during previous 12
months (1 infection: IRR 1.93 [1.87-1.99]; ≥2 infections: IRR
3.03 [2.92-3.13]), female sex (IRR 1.47 [1.43-1.52]), and ≥1
comorbidity (IRR 1.26 [1.23-1.30]).
Conclusion
Although rates may vary between individuals, on average
patients with MS had a 50% higher rate of infections compared to
the general population. Individualized risk prediction should be
studied to assess whether it can support MS treatment decisions
and prevention of infections.
ABS-83020373
Approaches for discontinuation versus continuation of longterm antidepressant use for depressive and anxiety disorders
in adults: Cochrane review
E. Van Leeuwen1 2, M Van Driel2, 3, M. Horowitz4, T Kendrick5, M
Donald3, A De Sutter2, L Robertson6, T Christiaens1
1
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London, London, UK 5Primary Care, Population Sciences and
Medical Education, Faculty of Medicine, Aldermoor Health
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Common Mental Disorders, University of York, York, UK Centre
for Reviews and Dissemination, University of York, York, UK
Depression and anxiety are the most frequent indication for
which antidepressants are prescribed. Unnecessary use of
antidepressants puts people at risk of adverse events. However,
high-certainty evidence is lacking regarding the effectiveness and
safety of approaches to discontinuing long-term antidepressants.
Aim
To assess the effectiveness and safety of approaches for
discontinuation versus continuation of long-term antidepressant
use for depressive and anxiety disorders in adults.
Methods
We searched all databases for RCTs until January 2020.
Interventions included discontinuation alone (abrupt or taper),
discontinuation with psychological therapy support, and
discontinuation with minimal intervention. We used standard
methodological procedures as expected by Cochrane.
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Results
We included 33 studies involving 4995 participants. Nearly
all studies were conducted in a specialist mental healthcare
service and included participants with recurrent depression (i.e.
two or more episodes of depression prior to discontinuation).
All included trials were at high risk of bias. Most tapering
regimens were limited to four weeks or less. In 13 studies, the
antidepressant was stopped abruptly, while 18 studies used a
‘tapered’ approach, reducing the dose gradually over usually
about 4 weeks or less. Four studies offered psychological support
during the discontinuation process and in one general practice
study, stopping was prompted by a letter to the GP providing
guidance on tapering. Overall, the evidence is of low or very
low certainty. There were only a few deprescribing studies
with a focus on successful antidepressant discontinuation rate.
None of the studies measured withdrawal symptoms except
one study. There was very low certainty evidence that abrupt
stopping or short tapering schedules may have a higher risk of
relapse. There was also very low to low certainty evidence that
providing psychological support may help some people to stop
their antidepressant but there was no difference in relapse rates.

ABS-82422845
Treatment non-adherence in difficult-to-treat rheumatoid
arthritis from the perspectives of patients and
rheumatologists: a concept mapping study

Treatment non-adherence is more frequent among difficultto-treat (D2T) than among non-D2T rheumatoid arthritis (RA)
patients.1 Perceptions of non-adherence may differ between D2T
RA patients, non-D2T RA patients and rheumatologists.2,3
Aims
We aimed to thematically structure and prioritise barriers (i.e.
causes and reasons for non-adherence) and facilitators of optimal
adherence from the patients’ and rheumatologists’ perspectives.
Methods
Patients’ perceptions were identified in semi-structured in-depth
interviews. Experts selected representative statements regarding
40 barriers and 40 facilitators. Twenty D2T and 20 non-D2T RA
patients sorted these statements during two card-sorting tasks: first,
by order of content similarity and, second, content applicability.
Additionally, 20 rheumatologists sorted the statements by order of
content applicability to the general RA population. The similarity
sorting was used as input for hierarchical cluster analysis. The
applicability sorting was analysed using descriptive statistics,
prioritised and compared between D2T RA patients, non-D2T
RA patients and rheumatologists.
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Conclusions
Currently, relatively few studies have focused on approaches to
discontinuation of long-term antidepressants. We cannot make
any firm conclusions about effects and safety of the approaches
studied to date. The true effect and safety are likely to be
substantially different from the data presented due to assessment
of relapse of depression that is confounded by withdrawal
symptoms.

Nadia M.T. Roodenrijs1, Marlies C. van der Goes1,2, Paco M.J.
Welsing1, Eline P.C. van Oorschot1, Elena Nikiphorou3, Nienke
C. Nijhof1, Janneke Tekstra1, Floris P.J.G. Lafeber1, Johannes
W.G. Jacobs1, Jacob M. van Laar1, Rinie Geenen4
1
Dept. of Rheumatology & Clinical Immunology, University
Medical Center Utrecht, Utrecht University, Utrecht, the
Netherlands, 2Dept. of Rheumatology, Meander Medical Center,
Amersfoort, the Netherlands, 3Centre for Rheumatic Diseases,
King's College London and Department of Rheumatology, King’s
College Hospital, UK, 4Dept. of Psychology, Utrecht University,
Utrecht, the Netherlands

Results
Nine clusters of barriers were identified related to the healthcare
system, treatment safety/efficacy, treatment regimen and patient
behaviour (Figure 1A). D2T RA patients prioritised adverse
events and doubts about effectiveness as most important barriers
(Figure 1B). Doubts about effectiveness were more important to
D2T than to non-D2T RA patients (p=0.02).
Seven clusters of facilitators were identified, related to the
healthcare system and directly to the patient (Figure 2A). All RA
patients and rheumatologists prioritised a good relationship with
the healthcare professional and treatment information as most
helpful facilitators (Figure 2B).
Conclusions
D2T RA patients, non-D2T RA patients and rheumatologists
prioritised perceptions of non-adherence largely similarly. The
structured overviews of barriers and facilitators, provided in this
study, may guide improvement of adherence.
References
1. Roodenrijs NMT, et al. Rheumatology (Oxford) 2020. doi: 10.1093/
rheumatology/keaa860 [Epub ahead of print 17 Dec 2020]
2. Pasma A, et al. Semin Arthritis Rheum. 2013 Aug 1;43(1):18–28.
3. Li L, et al. Patient Prefer Adherence. 2017;11:1343–56.
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Figure 1. Barriers of (optimal) treatment adherence

Figure 2. Facilitators of optimal treatment adherence
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A. The seven clusters are organised in two overarching categories
(shown in the contoured boxes).
B. Mean scores of helpfulness of clusters. Helpfulness was
scored from 1 (least helpful) to 5 (most helpful).
D2T: difficult-to-treat; RA: rheumatoid arthritis.
A. The nine clusters are organised in four overarching categories
(shown in the contoured boxes).
B. Mean scores of importance of clusters. Importance was scored
from 1 (least important) to 5 (most important).
D2T: difficult-to-treat; RA: rheumatoid arthritis.

ABS-83021426
Evaluation of the immunomodulatory effects of the
monoclonal microbial EDP1815
Introduction
Monoclonal microbials are selected microbial strains of human
commensal bacteria, that may be used to modulate the systemic
immune system. EDP1815 is a monoclonal microbial of the
species Prevotella histicola isolated from a duodenal biopsy
from a subject in remission from coeliac disease. Preclinical
evidence showed that EDP1815 induced anti-inflammatory
cytokines IL-10 and IL-27, but did not enhance production of
the pro-inflammatory cytokines TNFα and IL-12p40, confirming
the desired anti-inflammatory effect of EDP1815, in absence of a
pro-inflammatory effect.
Objectives
This study aimed to evaluate the effect of EDP1815 on the
immune system, by using the Keyhole Limpet Hemocyanin
(KLH) challenge.1 Secondly, safety and tolerability of EDP1815
were evaluated. EDP1815 was administered both via powder
(enteric coated capsules) and mini-tablet (non-coated capsules)
formulation.
Methods
This single-center, randomized, placebo-controlled trial included
48 healthy subjects (ratio placebo : intervention 1:3). Subjects
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received either a total dose of 8.0 x 1011 cells of EDP1815 per
day, or placebo. The KLH-challenge consisted of vaccination
with KLH, followed by intradermal administration of KLH and
placebo after 23 days. Injection sites were assessed by Laser
Speckle Contrast Imaging (LSCI) and multispectral imaging.
Suction blister exudate was analyzed for cytokines.
Results and Conclusions
Both EDP1815 treatments were well-tolerated. All observed
adverse events were mild and temporary. No clear effect of
EDP1815 administration was observed on both immunoglobulin
G (IgG) and immunoglobulin M (IgM), although mean levels
were higher in the placebo group than in treated individuals
(IgG: p = 0.47, IgM: p = 0.21, see Figure 1). No clear effect of
EDP1815 was observed on dermal KLH-responses, measured by
LSCI (basal flow: p = 0.75, flare: p = 0.84) and multispectral
imaging (skin color: p = 0.30, redness: p = 0.23), see Figure 2).
Although there was a trend for EDP1815-induced suppression
of the dermal KLH-driven responses, no statistical significance
was reached. Concluding, EDP1815 powder and mini-tablet
formulations in a dose of 8.0 x 1011 cells were safe and welltolerated. Although there was a trend for EDP1815-induced
suppression of KLH-driven dermal and immunoglobulin
responses, no statistical significant treatment effect of EDP1815
was observed.

Figure 2 LSCI basal flow (upper left), LSCI flare (upper right),
skin color (lower left) and redness (lower right). KLH-Plac:
dermal KLH response corrected for saline injection.
References
1. Saghari, M., Gal, P., Ziagkos, D., Burggraaf, J., Powell, J. F.,
Brennan, N., Rissmann, R., van Doorn, M., & Moerland, M. (2021).
A randomized controlled trial with a delayed-type hypersensitivity
model using keyhole limpet haemocyanin to evaluate adaptive
immune responses in man. British journal of clinical pharmacology,
87(4), 1953–1962. https://doi.org/10.1111/bcp.14588

ABS-83079773
Clinical, cellular and molecular effects of topical and systemic
corticosteroids on the inflammatory response to intradermal
lipopolysaccharide administration in healthy volunteers
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W. Gilroy3, Gary Feiss4, Robert Rissmann1,2,5, Manon Jansen1,
Jacobus Burggraaf1,2,5 and Matthijs Moerland1,2
1
Centre for Human Drug Research, Leiden, the Netherlands,
2
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3
Centre for Clinical Pharmacology and Therapeutics, Division
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Introduction
Intradermal LPS challenge in healthy volunteers has proven to be
a valuable tool to study local inflammation in vivo. In the current
study corticosteroids (topical clobetasol and oral prednisolone)
were selected to quantify their inhibitory effect on intradermal
LPS challenge and as benchmark for other presumed inhibitors.

Figure 1 Anti-KLH antibodies, IgG (top) and IgM (bottom)

Objective
To quantify the anti-inflammatory effect of topical clobetasol
propionate 0.05% and oral prednisolone on the intradermal LPS
challenge in healthy volunteers.
Methods
In a placebo-controlled study 24 healthy male volunteers received
a two-and-a-half-day pre-treatment with topical clobetasol
propionate 0.05% and 6 healthy male volunteers received a
two-and-a-half-day pre-treatment with oral prednisolone dosed
at 0.25mg/kg bodyweight per administration, prior to LPS
administration. Subjects received either 0, 2 or 4 intradermal
LPS injections (10ng LPS in 100µL 0.9% NaCl solution). The
LPS response was evaluated by non-invasive (perfusion, skin
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temperature, and erythema) and invasive assessments (cellular
and cytokine responses) in suction blister exudate.
Results / Conclusions
Both corticosteroids significantly suppressed the clinical
inflammatory response in terms of perfusion, heat and erythema
(erythema; 95% CI of -0.097, -0.0319 for clobetasol and 95%
CI of -0.2258, -0.0577 for prednisolone). Topical clobetasol
also significantly reduced the number of inflammatory cells
quantified in the blister exudate, a similar trend was observed
for prednisolone pre-treated subjects. No relevant changes were
observed in the cytokine response to LPS after pre-treatment
with corticosteroids. We have successfully demonstrated that the
immunosuppressive effects of corticosteroids can be detected
using our intradermal LPS challenge model, validating the model
for evaluation of future investigational drugs targeting TLR4mediated signaling pathways.
ABS-83109476
Effects Of Sodium Channel Blockers On Nerve Excitability
Threshold Tracking
Titia Ruijs1,2, Jules Heuberger1, Ingrid Koopmans1,2, Marieke de
Kam1, Michiel van Esdonk1, Geert Jan Groeneveld1,2.
1
Centre for Human Drug Research, Leiden, 2Leiden University
Medical Centre, Leiden.
Introduction
Selective voltage gated sodium channel blockers are of growing
interest as treatment for pain. For drug development of such
compounds, it would be critical to have a biomarker that can be
used for proof-of-mechanism.

POSTERS

Aims
We aimed to evaluate whether drug-induced changes in sodium
conductance can be detected using nerve excitability threshold
tracking in 18 healthy subjects.
Methods
In a randomized, double-blind, three-way crossover study,
effects of single doses of mexiletine and lacosamide were
compared to placebo. On each study visit, motor- and sensory
nerve excitability measurements of the median nerve were
performed (pre-dose; 3- and 6-hours post-dose). Stimulation was
guided by QTRAC-S. Treatment effects were calculated using an
ANCOVA, with baseline as covariate.
Results
Mexiletine and lacosamide had significant effects on a multitude
of motor- and sensory nerve excitability parameters. In motor
nerves, TEd 40-60ms was significantly decreased when compared
to placebo, with an estimated difference -1.37% (95%CI:-2.20,0.55;p=0.002) after mexiletine and -1.27% (95%CI:-2.0968,0.4430; p=0.004) after lacosamide. Moreover, mexiletine and
lacosamide significantly increased superexcitability in motor
nerves, with an estimated difference of 1.74% (95%CI:0.61,2.87;
p=0.004) and 1.47% (95%CI:0.34, 2.60;p=0.013), respectively.
The strength-duration time constant decreased after lacosamide
in both motor nerves -0.03ms (95%CI:-0.06,-0.01;p=0.005) and
sensory nerves -0.08ms (95%CI:-0.12,-0.05;p<0.001).
Conclusion
Mexiletine and lacosamide significantly decrease excitability
of motor and sensory nerves, in line with the mechanism of
action. This study shows that threshold tracking can be an
effective biomarker in pharmacological studies. The method
would therefore be a valuable tool in drug development, to help
identifying target engagement in healthy subjects.
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ABS-83109545
Muscle velocity recovery cycles – a biomarker for
pharmacological effects on muscle excitability
Titia Ruijs1,2, Kaye de Cuba1, Jules Heuberger1, Ingrid
Koopmans1,2, Marieke de Kam1, Geert Jan Groeneveld1,2.
1
Centre for Human Drug Research, Leiden, 2Leiden University
Medical Centre, Leiden.
Introduction
Muscle velocity recovery cycles (MVRCs) is a method to obtain
information on excitability of the muscle cell. MVRCs examine
muscle reactions, independent of neuromuscular transmission.
The study goal was to introduce MVRCs as a pharmacodynamic
biomarker for drugs targeting muscle excitability. As a proof of
concept, the sensitivity of MVRCs to detect effects of mexiletine,
a sodium channel blocker, were assessed.
Aims
The aim of this study is to determine effects of mexiletine on
MVRCs.
Methods
In a double-blind, two-way crossover study, the effect of a single
dose of mexiletine was compared to placebo in 12 healthy male
subjects. MVRCs were performed pre-dose, and 3h and 5h postdose. Stimulation was guided by QTRACS. Treatment effects
were calculated using an ANCOVA, with baseline as covariate.
Results
Mexiletine had significant effects on MVRC endpoints. Early
supernormality after five conditioning stimuli (5ESN) was
decreased by mexiletine, with an estimated difference of
-2.78% (95%CI: -4.16, -1.40; p=0.0003). Moreover, mexiletine
decreased the difference in late supernormality after 5 versus
1 conditioning stimuli (5XLSN), estimated difference -1.46%
(95%CI: -2.26, -0.65; p=0.001). These results indicate that
mexiletine decreases the percentage increase in velocity of the
muscle action potential after 5 conditioning stimuli, at long
and short interstimulus intervals. These results correspond to a
decrease in muscle membrane excitability. This is in line with the
hypothesis that NaV1.4 blockade by mexiletine affects muscle
membrane potentials.
Conclusion
This study shows that the effects of mexiletine can be detected
using MVRCs in healthy subjects, indicating that MVRCs can be
used as a tool to demonstrate pharmacodynamic effects of drugs
targeting muscle excitability in early phase drug development.
ABS-83213831
Effectiveness of a vitamin D regimen in deficient multiple
myeloma patients and its effect on peripheral neuropathy
B.E. Oortgiesen1,2, M. Dekens1, R. Stapel1, A. Alheraky1, P.
Dannenberg - de Keizer3, C. Siemes3, F.G.A. Jansman2,4, R.E.
Kibbelaar5, N.J.G.M. Veeger6,7, M. Hoogendoorn8, E.N. van
Roon1,2
1
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Introduction
Bone lesions and peripheral neuropathy (PN) are common in
patients with multiple myeloma (MM). Vitamin D is essential for
bone mineralization and may play a role in preventing PN.

ABS-83221855
Ampligen (Poly I:Poly C12U) as a potential COVID-19
treatment: safety and tolerability of repeated intranasal
administration in healthy subjects

Objectives
To evaluate the effectiveness of a vitamin D3 regimen on achieving
adequate vitamin D levels in deficient MM patients. Furthermore,
we evaluated the effect of vitamin D3 supplementation on the
prevalence and severity of PN.

Johan L. van der Plas1,2, Lisanne C.A. Smidt1,2, Aliede E. in ’t
Veld1, Christina Yfanti1, Ingrid M.C. Kamerling1,2, Naomi B.
Klarenbeek1,3, Diane L. Young4, David R. Strayer4, Manon A.A.
Jansen1, Matthijs Moerland1
1
Centre for Human Drug Research, Leiden, the Netherlands
2
Department of Infectious Diseases, Leiden University Medical
Center, Leiden, the Netherlands
3
Department of Internal Medicine, Leiden University Medical
Center, Leiden, The Netherlands
4
AIM ImmunoTech Inc, Ocala, Florida, United States.

Results
Thirty-nine patients were included (mean age, 68 years; 72%
male). Median 25(OH)D increased from 38 (IQR 32 – 52)
nmol/L at baseline to 77 (IQR 72 – 87) nmol/L after 6 months (P
< 0.001). After 6 months of treatment, 66% of patients achieved
an adequate 25(OH)D level, and 34% were within 50 – 75
nmol/L. Furthermore, PN grading improved in 37% of patients
(P = 0.007).
Conclusions
To achieve a significant increase in vitamin D levels in MM
patients, the use of substantially higher vitamin D3 doses than
recommended in current guidelines is essential. Moreover, we
observed a significant decrease in PN severity using this threestep dose-escalation vitamin D regimen.

Figure 1. Boxplot displaying the distribution of 25(OH)D levels
at baseline (t = 0), and 2 (t = 2) and 6 months (t = 6) after
vitamin D treatment in 35 patients.

Introduction
Rintatolimod (Ampligen®), a synthetic double-stranded RNA
(Poly I: Poly C12U) is a selective Toll-like receptor 3 agonist,
that induces type I interferons, thus mimicking antiviral response.
Intranasal rintatolimod administration could induce a protective
innate immune response by inhibiting respiratory viruses at the
point of entry and could therefore be applied as prophylactic
or early treatment against respiratory viral infections (such as
COVID-19). Intranasal administration of rintatolimod as a flu
vaccine adjuvant in a 3-dose regimen with a 4-week interval was
well tolerated. Here we investigate a 7-dose (13 day) treatment
regimen for intranasal rintatolimod.
Objectives
To assess the safety, tolerability and biological activity of
repeated intranasal rintatolimod administration.
Methods
This was a randomized, double-blind, placebo-controlled, doseescalation study. Rintatolimod (up to doses of 1250 µg) or
placebo (4:1) was sprayed in both nostrils every other day (qod)
with a total of 7 doses. Safety and tolerability was assessed by
vital signs, physical examination (including anterior rhinoscopy
to inspect nasal mucosae, oral and lymph node examination),
chemistry and hematology blood tests, adverse events (AEs),
local symptoms (mild-moderate-severe) and nasal pain following
administration (rating scale, 0-10). Nasal samples were obtained
at various time points. The mucosal lining fluid will be analyzed
using a cytokine panel that includes type I interferons and NFκBmediated cytokines. Mucosal immune cells will be characterized
using spectral flow cytometry.
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Methods
MM patients with inadequate (<75 nmol/L) 25-hydroxyvitamin D
[25(OH)D] levels were included in this multicentre, prospective,
single-arm study. Patients received oral vitamin D3 according to
a dose-escalation regimen that consisted of one or two loading
doses of 200,000 international units and maintenance doses of
800, 1,600, or 3,200 international units/day depending on their
25(OH)D level. PN was graded using a validated questionnaire.

Results
Forty male and female subjects, aged 18 - 69 years were included.
In total, 38 subjects completed full treatment, 2 discontinued
prematurely due to concurrent respiratory viral infection (1
placebo, 1 active). There were no findings of clinical concern.
Thirty-eight mild-to-moderate post-dose AEs were reported by
16 (50%) exposed subjects. No dose related trends in any of the
safety or tolerability assessments were identified. Biomarker
results are not yet available.
Conclusions
Repeated intranasal administration of 7 rintatolimod doses qod
was well tolerated. These results warrant further investigation in
COVID-19 patients.
Reference
1. Overton ET, Goepfert PA, Cunningham P, Carter WA, Horvath J,
Young D, et al. Intranasal seasonal influenza vaccine and a TLR-3
agonist, rintatolimod, induced cross-reactive IgA antibody formation
against avian H5N1 and H7N9 influenza HA in humans. Vaccine.
2014;32(42):5490-5
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ABS-83233735
A dermal inflammatory challenge study to evaluate
complement activation in healthy volunteers

Figure 1
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H. Wu2, F. Liu2, M. Moerland1
1
CHDR, Leiden University, Leiden, The Netherlands; 2Q32Bio,
Cambridge, United States of America
Introduction
The complement system is part of the first line of defense for
fighting pathogens. However, when hyperactivated it is a driver of
inflammatory diseases. An in vivo complement activation model
would be beneficial for clinical evaluation of investigational
products that regulate complement, but such a model is not
readily available. We aimed to evaluate the capacity of 2 common
innate immune triggers to drive complement activation in vivo.
Primary Objectives
• To evaluate complement activation after topical imiquimod
challenge
• To evaluate complement activation after local UV-B challenge
Methods
A single-centre inflammatory challenge study was conducted
in healthy volunteers to evaluate complement activation by
Imiquimod and UV-B. In the Imiquimod cohort, 5 volunteers
were treated with 100 mg cutaneous Imiquimod, a TLR7 agonist,
for 3 subsequent days. In the UV-B cohort 5 subjects received a
dose of 2x minimal erythema dose. Basal flow (BF, perfusion)
was measured by Laser Speckle Contrast Imaging (LSCI) and
erythema by clinical evaluation and Antera 3D camera. Skin
biopsies were stained for complement C3c and C3d.

Figure 2
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Results
Visual assessment showed that Imiquimod induced a moderate
response with increasing erythema after multiple applications
whereas UV-B showed an acute and gradually decreasing
response(fig1). Imiquimod induced a slow and sustained increase
in BF (mean peak value 113.8AU, SD 76.8 at 72h) whereas
UV-B induced a quick response peaking at 6h (mean 82.1AU,
SD 41.7) and gradually declining(fig2). Perfusion responses were
mirrored by erythema, with a slow and long-lasting imiquimod
response (peak value 17.5AU, SD 7.5, at 72h) and a more acute
and transient UV-B response (peak value 15.4AU, SD 3.9, at
6h) (fig3). Trace or mild dermal C3d staining was seen in naive,
unchallenged skin, whilst no significant staining was seen for
C3c, nor at any time point post Imiquimod or UV-B challenge
(not shown).
Conclusions
Visual assessment of erythema and Imaging via LSCI/
Antera showed that Imiquimod induces a slow and sustained
inflammatory response with erythema and elevated basal flow
after multiple applications, whereas UV-B showed an acute
response which gradually decreased over time. No induction
of C3c was seen at any time point in Imiquimod or UV-Bchallenged skin. Further research is needed to analyze the role
of other complement factors and determine if these models are
suitable as pharmacological models for complement.
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ABS-83276984
Results Of A Double-Blind, Randomized, Placebo-Controlled
Clinical Trial With Ketoconazol And Placebo In Seborrheic
Dermatitis

ABS-83386396
A first-in-human clinical trial to assess safety, tolerability,
pharmacokinetics and biomarker effects of ALKS 6610 in
healthy volunteers
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In this trial mild-to-moderate SD patients were treated with the
standard of care, i.e. antifungal ketoconazol (n=12) or placebo
(n=12) twice daily over 4 weeks. Conventional clinical scoring
was complemented by several non-invasive and novel readouts
such as optical biopsies by optical coherence tomography, skin
barrier measurements, abundance of superficial barrier markers
and the composition of the cutaneous micro- and mycobiome by
next-generation sequencing.
In patients randomized to ketoconazole a statistically significant
decrease (p<0.01) was observed in all recorded clinical scores
such as the lesion severity score (SDASI) after 4 weeks of
treatment compared to the placebo group. This clinical effect was
in alignment with a statistically significant decrease in epidermal
thickness (p<0.05) and an increased skin barrier function
(p<0.01). Noteworthy, baseline differences between lesional
and non-lesional skin in the abundance of Staphylococcus did
not translate into an apparent treatment effect. However, a
statistically significant fungicidal effect was observed in the
ketoconazole group based on an increased mycobial diversity
index and decreased abundance of Malassezia.
In conclusion, the results indicate that the antifungal properties
of ketoconazole are inducing disease regression and these
findings highlight the pathogenic importance of Malassezia in
SD. Our comprehensive and multimodal methodology to assess
dermatological conditions is promising for the use in clinical
development of therapies for SD and other dermatoses.

Objective
This first-in-human study evaluated the safety, tolerability,
pharmacokinetics (PK) and biomarker effects of ALKS 6610 in
healthy subjects following administration of single ascending
doses.
Methods
This randomised, double-blind, placebo-controlled study
enrolled 56 subjects into 7 cohorts, administering oral doses
from 25 to 825 mg of ALKS 6610 or placebo (ratio 3:1). Safety
and tolerability assessment included treatment-emergent adverse
events (TEAEs), vital signs, O2 saturation and end-tidal CO2
as respiratory parameters, ECGs, sedation, and laboratory
assessments. Visual analogue scales (VAS) for alertness, mood,
calmness and pharmacodynamic (PD) effects on pupil diameter
were explored. Plasma concentrations and PK parameters of
ALKS 6610 and its metabolite were determined.
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Seborrheic dermatitis (SD) is an immunological dermatological
disease affecting mainly the scalp and face. While the root cause
of the disease is an aberrant immunological response in the skin,
a dysfunctional cutaneous barrier function and colonization
by the pathogenic yeast Malassezia are also implicated in its
pathogenesis. Using an established antifungal treatment in
combination with a multimodal assessment, a comprehensive
understanding of disease and treatment can be established.

Introduction
Opioid analgesics are effective treatments for acute and chronic
pain and are associated with significant side effects and risks,
including respiratory depression, opioid use disorder, and death.
ALKS 6610 is an orally bioavailable, selective, partial agonist for
the µ-opioid receptor with a preference toward G-protein coupled
intracellular signalling, low levels of β-arrestin recruitment and
predicted reduced rate of brain penetration. These properties
are hypothesized to reduce opioid-related side effects and risks,
while retaining opioid-like analgesia.

Results
ALKS 6610 was generally well tolerated at doses up to 750 mg
with mostly dose-dependent, mild gastrointestinal TEAEs. PK
analysis showed dose proportional increases in both Cmax and
AUCs up to 750 mg and a median tmax of 2.25‒3.5 hours and t1/2
of 9.8‒16 hours. There were no treatment-related effects on VAS.
Pupil diameter decreased as plasma concentrations increased.
Maximal decrease was observed at 450 mg with no further effect
with increase in dose.
Conclusions
ALKS 6610 was generally well tolerated by healthy subjects at
doses up to 750 mg. ALKS 6610 exposure increased proportional
to dose. There were no subjective effects on VAS in domains
commonly linked with opioids.
Disclosure
This study was sponsored by Alkermes, Inc. Alkermes, Inc., is
not further pursuing development activities for the program.
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ABS-83278907
Co-delivery of dual chemotherapy by liposomes synergize
with checkpoint blockade and enhance chemoimmunotherapy
Z. Gu1, C.G. Da Silva1, M.G. M Camps2, K. van der Maaden2, T.
Schomann1, W. Jiskoot3, F. Ossendorp2, L.J. Cruz1
1
Dept. of Radiology, Leiden University Medical Center,
Leiden, The Netherlands; 2Dept. of Immunology, Leiden
University Medical Center, Leiden, The Netherlands; 3Div.
of BioTherapeutics, LACDR, Leiden University, Leiden, The
Netherlands
Docetaxel downregulates thymidylate synthase expression in
tumor cells and increases their sensitivity to pemetrexed[1]. In
combination with anti-PD-L1 strategy, both pemetrexed and
docetaxel reveal pronounced immune activation[2]. Hence,
chemoimmunotherapy is a potential approach that improves
tumor treatment. However, chemotherapeutic reagents are
normally limited by insufficient tumor penetration, rapid
clearance, and systematic toxicity. With great potentiality,
nanoparticle-based drug delivery systems, such as liposomes, are
emerging as promising strategies to solve those shortcomings.
Aims
To improve drug penetration efficiency and avoid rapidly
developed resistance, a liposomal platform was developed to
simultaneously deliver two drugs with different properties and
augment the efficiency of chemoimmunotherapy. Meanwhile,
checkpoint blockade was combined during animal experiments
to obtain optimal synergistic antitumor effect
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Methods
In this study, firstly, hydrophobic docetaxel and hydrophilic
pemetrexed were co-encapsulated into pH-sensitive liposomes
via a thin-film hydration method. Then the physicochemical
properties, toxicities, and immunological effects of liposomes
were examined in vitro. Finally, in vivo anti-tumor efficacy
and safety of this liposome-based immunochemotherapy were
evaluated on murine CT26 colon cancer model.
Results / Conclusions
The co-loaded liposomes showed great quality and high
encapsulation efficiency. In cellular experiments, they exhibited
strong cytotoxicity and high anti-tumor immunity via immune
cell death. Upon tumor inoculation, liposomes-delivered
drug combination inhibited tumor development and enhanced
tumor control when combined with anti-PD-L1 therapy. Up to
40% of mice with CT26 tumors achieved complete remission.
This cocktail therapy provides a promising strategy to achieve
effective chemoimmunotherapy through liposomes.
References
1. W. T. Kuo, et.al., Oncol. Rep. 2017, 38, 2787.
2. M. K., et.al., Clin. Cancer Res. 2019, DOI 10.1158/1078-0432.CCR19-0433.

ABS-83279205
Anionic lipid nanoparticles preferentially targeting mRNA to
hepatic RES in vivo
R. Pattipeiluhu1,3*, G. Arias-Alpizar1,4*, G. Basha2, J. Bussmann4,
T. H. Sharp3, M. Moradi5, N. Sommerdijk5, P. R. Cullis2,6, A.
Kros1, D. Witzigmann2,6 and F. Campbell1
1
Supramolecular & Biomaterials Chemistry, LIC, Leiden
University, The Netherlands. 2NanoMedicines Research Group,
Dept. of Biochemistry and Molecular Biology, University of
British Columbia, Canada. 3BioNanoPatterning, Dept. of
Cell and Chemical Biology, LUMC, Leiden University, The
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Netherlands. 4BioTherapeutics, LACDR, Leiden University,
The Netherlands. 5Materials and Interface Chemistry, Dept of
Chemical Engineering and Chemistry, Eindhoven University
of Technology, The Netherlands. 6NanoMedicines Innovation
Network (NMIN), University of British Columbia, Canada.
*These authors contributed equally
Clinical translation of efficient and targeted drug delivery
nanosystems is challenging, a major contribution to this is the
insufficient knowledge of the factors influencing the nanoparticle
circulation, uptake and the identification of key players in
these mechanisms. Due to the dynamic nature of the involved
mechanisms, an in vivo assessment is strictly required. We use
the transparent and versatile embryonic zebrafish as an animal
model to rapidly screen the behavior of nanoparticles in vivo.
The ability to visualize fluorescent nanoparticles at cellular
resolution in a living organism has given us an understanding of
the fundamental behavior of nanoparticles.
Previously, we identified Stabilin-1 and Stabilin-2 as the main
receptors responsible for the clearance and uptake of intravenously
administered anionic nanoparticles [1,2]. Here, this knowledge
was used to rationally design a lipid nanoparticle formulation
able to preferentially target the hepatic reticuloendothelial system
(RES). A single lipid was replaced within the lipid composition
of the clinically approved Onpattro® to design srLNPs. This
replacement changes the surface charge, from neutral to anionic,
allowing the redirection of srLNPs to preferentially target
hepatic RES. Upon injection in the zebrafish embryo, we showed
the biodistribution of srLNPs and the subsequent preferential
intracellular delivery of the carried mRNA. Remarkably, we
show that srLNPs target scavenging endothelial cells is mediated
by Stabilin-1 and Stabilin-2. Validation in mice confirmed the
srLNP biodistribution, uptake, cytosolic delivery and protein
expression of hepatic RES mice cells, opening up opportunities
to treat liver diseases associated with RES.
This research demonstrates the zebrafish is a powerful model
system to study mechanisms involved in nanoparticle-mediated
drug delivery.
References
1. Campbell F, Bos FL, Sieber S., Arias-Alpizar G, Koch BE, Huwyler J,
Kros A, Bussmann J., Directing Nanoparticle Biodistribution through
Evasion and Exploitation of Stab2-Dependent Nanoparticle Uptake.
ACS Nano 1232138-2150 (2018).
2. Arias-Alpizar, G.; Koch, B.; Hamelmann, N. M.; Neustrup, M. A.;
Paulusse, J. M. J.; Jiskoot, W.; Kros, A.; Bussmann, J., Stabilin-1 is
required for the endothelial clearance of small anionic nanoparticles.
Nanomedicine: Nanotechnology, Biol. Med. 34, 102395 (2021).

ABS-83281117
Exploring the mechanism of targeted liposomes mediated
drug delivery using the zebrafish model
D. Bi1, J. Bussmann1, W. Jiskoot1
1
Div. of BioTherapeutics, LACDR, Leiden University, Leiden,
The Netherlands
Nanoparticle-mediated drug delivery promises to reduce side
effects while improving the therapeutic efficacy of drugs.1 Among
them, the active targeting of nanoparticles plays an important
role. The use of targeting ligand for active targeting allows
nanoparticles to bind to membrane receptors on cells2. Although
this provides an optimal concept for diseased cell-specific drug
delivery, translation to patients has so far been limited.
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Methods
To define the critical steps that are required to achieve cell-specific
drug delivery, Low-Density Lipoprotein Receptor (LDLR)targeting peptide (ApoE peptide) and its scrambled peptide were
synthesized and purified. All liposomes were prepared by the
thin-film method, size and zeta potential were measured by DLS.
A mutant zebrafish line, Tg (kdrl:GFP), was used to observe the
biodistribution of liposomes. Liposomes were labeled and microinjected into the duct of Cuvier and were imaged by the confocal
microscope.

Results / Conclusions
By comparing with the DOPC liposomes (without peptide), we
found that ApoE liposomes can accumulate in the glomerulus
of zebrafish. To further distinguish whether the targeted effect
is active or passive, scrambled ApoE peptide liposomes were
used as the negative control group. The results showed that
the scrambled peptides liposomes could also accumulate in the
glomerulus, and quantitative analysis showed no significant
difference from the ApoE liposomes. Liposomes containing the
RRR peptide were used as positive controls with zeta potentials
similar to those of ApoE liposomes, and they also accumulated
in the glomerulus. Together, ApoE liposomes accumulate in
the kidney due to passive targeting, and zeta potential plays an
important role in it. Careful selection of controls is important
when studying active targeting, and the zebrafish embryo is a
good model for targeted studies.
References
1. JCR. 2016;235:34-47
2. Chemical Reviews. 2017;117:12133-12164.

ABS-83281391
Dissecting how cells internalize and process nano-sized drug
carriers for nanomedicine applications

nano-sized materials at the cell membrane, and the subsequent
mechanisms of uptake and intracellular trafficking.
Methods
To this aim, we combine classic transport studies with inhibitors1
and RNA interference to genetic screening and proteomic-based
methods. Additional efforts are focused on developing in vitro
endothelial cell barriers more closely resembling the barriers
nanomedicines encounter in vivo.2 Uptake and distribution of
nanoparticles have also been studied in tissue slices from the
major organs in which nanoparticles distribute, such as the liver,
lungs and kidneys, as an advanced ex vivo 3D model. Intracellular
trafficking kinetics are determined via fluorescence imaging in
live cells and a new method we developed based on organelle
flow cytometry.3,4
Results and Conclusions
Our results show that the same cells process nanoparticles in
different ways when they are developed into an endothelial
cell barrier rather than at different degrees of cell density, as
commonly applied for in vitro studies.2 Furthermore we show
that nanoparticles are internalized ex vivo in liver tissue slices,
and within the tissue slices, higher uptake is observed in the
Kupffer cells, as it is observed also in vivo.5 Additionally, we
found that the corona molecules adsorbing on the nanoparticle
surface once applied in serum can interact with specific cell
receptors and in this way they also affect the mechanism cells
use for their internalization.6 Based on these findings, we used
liposomes of different composition to form different coronas and
identify corona proteins associated with higher or lower uptake
by cells.7 Thus, nanocarrier design can be tuned in order to
modulate the corona forming in serum and in this way affect cell
receptor interactions and nanocarrier uptake efficiency.
References
1. Francia et al, Limits and challenges in using transport inhibitors to
characterize how nano-sized drug carriers enter cells, Nanomedicine
2019, 14 (12), 1533
2. Francia et al, Effect of the development of a cell barrier on nanoparticle
uptake in endothelial cells, Nanoscale 2018 10 (35), 16645
3. Garcia Romeu et al, Time- and Space-Resolved Flow-Cytometry of
Cell Organelles to Quantify Nanoparticle Uptake and Intracellular
Trafficking by Cells, Small 2021 17, 34, 2100887
4. Vtyurina et al, Imaging of nanoparticle uptake and kinetics of
intracellular trafficking in individual cells, Nanoscale 2021, 13, 10436
5. Bartucci et al, Time-Resolved Quantification of Nanoparticle Uptake,
Distribution, and Impact in Precision-Cut Liver Slices, Small 2020,
1906523
6. Francia, et al, Corona Composition Can Affect the Mechanisms Cells
Use to Internalize Nanoparticles, ACS nano 2019 13 (10), 11107
7. Yang et al, Tuning Liposome Composition to Modulate the Corona
Forming in Human Serum and Uptake by Cells, Acta Biomaterialia
2020, 106, 314
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Aims
The transparent zebrafish embryos allow the visualization of
nanoparticle-cell interaction and intracellular trafficking of
nanoparticles in vivo. We propose to study the active targeting
of nanoparticles using this simple zebrafish embryo model to
provide general principles for cell-specific drug delivery.

A. Salvati1
1
Department of Nanomedicine & Drug Targeting, Groningen
Research Institute of Pharmacy, University of Groningen,
Groningen, the Netherlands. E-mail: a.salvati@rug.nl
Introduction
Nano-sized materials are used in nanomedicine to deliver drugs
more efficiently to their site of action. In order to improve
their efficacy and fully exploit nanomedicine potential, a better
understanding of how cells internalize and process nano-sized
materials is required.
Objectives
Within this context, our research is focused on characterizing
the molecular details of the early interactions and recognition of
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ABS-83076176
Cannabidiol-dimethylheptyl: a two-faced molecule
Exhibiting allosteric and orthosteric binding to the
cannabinoid receptor 2
Jara Bouma1, Jeremy D. Broekhuis1, Mario van der Stelt2,3,
Laura H. Heitman1,3
1
Division of Drug Discovery, LACDR, Leiden University, the
Netherlands, 2Department of Molecular Physiology, LIC,
Leiden University, the Netherlands 3Oncode Institute, Leiden,
the Netherlands
Introduction and aims
The cannabinoid receptor 2 (CB2) is a class A G proteincoupled receptor (GPCR) that is involved in a broad spectrum
of physiological and pathological conditions within the
endocannabinoid system (ECS), such as neurodegenerative
disorders, pain, inflammation and cancer.1 Currently, only a
few – non-selective – drugs have been approved for the CB2
receptor which all target the orthosteric binding site.2
Obtaining selectivity for CB2 over the cannabinoid receptor 1
remains challenging and might be overcome by allosterically
modulating the CB2 receptor. An allosteric binding site is
topographically distinct from the orthosteric site and is usually
less conserved amongst a receptor subfamily. Additionally,
targeting of this binding site generally presents less side
effects3,4 Therefore, investigating whether a potential allosteric
pocket for CB2 can be targeted might offer novel and safer
opportunities for drug discovery.
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Methods
Radioligand binding assays were performed on a set of 12
compounds which were reported in literature as potential
allosteric modulators of the ECS,5 including the cannabis
component CBD and its synthetic analog cannabidioldimethylheptyl (CBD-DMH). Kinetic dissociation assays were
carried out to select compounds that alter the dissociation
rate constant (koff) of the radioligand, indicating an allosteric
interaction with CB2.The selected compounds were further
tested in competitive radioligand binding assays to observe
whether they modulated the affinity of reference agonists.

38

Results
Only CBD-DMH showed a significant enhancement of
radioligand binding compared to control, implying allosteric
modulation of CB2. This allosteric modulation by CBDDMH was dose-dependent in decreasing the koff value. In
competitive assays, CBD-DMH negatively modulated the
affinity of reference agonists. Remarkably, CBD did not show
such allosteric properties. Strikingly, both CBD and CBDDMH showed low orthosteric binding affinity for CB2.
Conclusions
These preliminary results show that CBD-DMH has a double
binding mode to the CB2 receptor, whereas its analog CBD
does not exhibit these dual properties. Further investigation of
their effect on receptor signaling might aid in understanding
allosteric modulation of the CB2 receptor.
References
1. Di Marzo, V., Bifulco, M. & De Petrocellis, L. The endocannabinoid
system and its therapeutic exploitation. Nat. Rev. Drug Discov. 3,
771–784 (2004).
2. European Monitoring Centre for Drugs and Drug Addiction.
Medical use of cannabis and cannabinoids: questions and
answers
for
policymaking.
https://www.emcdda.europa.eu/
publications/rapid-communications/medical-use-of-cannabis-andcannabinoids-questions-and-answers-for-policymaking_en (2018)
doi:10.2810/41345.
3. Thal, D. M., Glukhova, A., Sexton, P. M. & Christopoulos, A.
Structural insights into G-protein-coupled receptor allostery. Nature
559, 45–53 (2018).
4. Christopoulos, A. & Kenakin, T. G protein-coupled receptor
allosterism and complexing. Pharmacol. Rev. 54, 323–374 (2002).
5. Gado, F. et al. Allosteric modulators targeting cannabinoid CB1 and
CB2 receptors: implications for drug discovery. Future Med. Chem.
11, 2019–2037 (2019).
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M. Trombetta-Lima1, A. Marmolejo Garza1, T. Tomin2, A.
Oun1, A.S. Guaqueta1, S. Kushner3, S. Lehtonen4, R. BirnerGruenberge2, A. Dolga1.
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The significant increase in life expectancy in the last 60 years
urges the handling of age-associated diseases. Alzheimer's
disease (AD) is currently considered the major cause of
dementia. However, despite being one of the most studied
neurodegenerative diseases, little therapeutic progress was
achieved in the last decades. Familial Alzheimer’s disease
comprises of 5% of the cases and display an early onset, making
it a valuable model for the study of the disease. One of the
hallmarks of AD is its mitochondrial metabolism disruption.
Aims
To investigate the metabolic mechanisms which are altered in
AD.
Methods
We successfully generated and characterized neuroprogenitor
cells (NPCs) from familial AD, their respective isogenic
controls, and healthy subjects-derived iPSCs. Our differentiation
protocol makes use of a 15 days 3D embryoid body formation
step, followed by FACS sorting of the NPC population (CD271-,
CD44-, CD184+, CD24+, CD15-/+) which renders a population
of more than 90% NPC. The overall expression of metabolic
pathways proteins was determined by proteomics. Metabolic
activity was assessed by measurements of mitochondrial
respiration, glycolytic rate, and metabolic substrate usage.
Results/ Conclusions
We report an overall decrease in glycolytic proteins expression
and substrate usage, OCR and ECAR parameters. Our results
indicate that metabolic alterations are already perceivable in
AD-derived NPCs, which can be a target for early intervention.

Introduction
Ferroptosis is a newly described oxidative cell death. Numerous
studies demonstrated a close relationship between ferroptosis
and neurodegenerative diseases. Due to the central role of
mitochondria in cell survival, preserving mitochondrial
function could be a promising approach to prevent ferroptosis
and eventually become a novel therapy for neurodegenerative
disease.
Objectives
Mitochondrial dysfunction is involved in ferroptosis. Current
approaches aim at targeting some of mitochondrial-related
pathways. To this end, mitochondrial transplantation has
been demonstrated to effectively improve neuronal survival
by directly transferring exogenous healthy mitochondria to
damaged cells. In this study, we intend to obtain mitochondria
from healthy neurons, apply them to cells treated with different
cell death inducers (Erastin, glutamate, and RSL3), then
examine their neuroprotective potential in ferroptosis.
Methods
Mitochondria were isolated from healthy neuronal HT22 cells.
Isolated mitochondria were co-treated with HT22 cells in
the presence or absence of ferroptotic stimuli. Mitochondrial
incorporation was observed through MitoTracker green labeling
followed by live imaging and flow cytometry. Metabolic
changes were determined by MTT assays and cell death was
evaluated by propidium iodide staining and flow cytometry.
Results&Conclusions
In the present study, we investigated whether isolated
healthy mitochondria have a neuroprotective potential
against ferroptosis in neuronal HT22 cells. Live imaging and
flow cytometry analysis demonstrated the incorporation of
exogenous mitochondria into both healthy and damaged cells.
Remarkably, we observed more incorporated mitochondria in
HT22 cells damaged by erastin. Incorporated mitochondria
significantly improved cell viability against ferroptosis in a
dose dependent manner. Flow cytometry results further showed
that mitochondrial transplantation can reduce ferroptosis. The
neuroprotection mediated by exogenous mitochondria was
highly dependent on intact activity of mitochondrial complex
I and ATP synthase.
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Mitochondrial metabolism alterations in familial Alzheimer's
disease neuroprogenitor cells
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Methods
Cationic liposomes containing c-di-GMP adjuvant and epitopes
from IAV PA224-233 or NP366-374 were used to prime C57Bl/6J
mice either intravenous (IV), subcutaneous (SC) or intranasally
(IN), followed by a boost 7 days later with anti-CD40 antibody,
peptides and c-di-GMP (antiCD40 boost mix) intravenously.
On day 36 after prime, lungs, spleen and lymph nodes were
collected, re-stimulated with PA224-233 or NP366-374 and analyzed
by flow cytometry.
In a separate experiment, mice received cationic liposomes
containing c-di-GMP and PA224-233 either IN or IV followed
by a IV boost 7 days later with either the same liposomal
formulation or antiCD40 boost mix. Animals were sacrifice on
day 14 and organs were collected for ex vivo stimulation and
flow cytometry analysis.

% from baseline
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Results / Conclusions
A massive increase in the percentage of PA224-233-specific CD8+
IFNγ+ T-cells was observed in spleen and lungs of mice in the
IV and IN groups compared to control regardless the type of
boost (liposomes or antiCD40 mix). Furthermore, an increase
150
In vitro CD8+ T-cells was
in the percentage of lung-resident memory
observed in the IN group compared to IV or SC groups.
100

In conclusion, the intranasal administration of these cationic
liposomes followed by a rapid intravenous boost induces a
50 + IFNγ+ T-cell response and lung-resident
potent systemic CD8
+
memory CD8 T-cells. The induction of CD8+ T cell responses
and lung-resident memory CD8+ T cells against PA224-233 could
0
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be important for
against H1N1 infections.
0

0.1

CsA (µg/L)

1

10
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Pharmacodynamic monitoring of cyclosporin A activity using
ex vivo T cell function assays
A.E. in ’t Veld1,2, M.A.A. Jansen1, B. Huisman1,2, M.
Schoonakker1, M.L. de Kam1, D.J.A.R. Moes2, M.I.E. van
Poelgeest1,2, A.F. Cohen1,2, M. Moerland1,2.
1
Centre for Human Drug Research, Leiden, The Netherlands
2
Leiden University Medical Center, Leiden, Netherlands
Introduction
Therapeutic drug monitoring (TDM) of immunosuppressive
treatment is currently standard of care after solid organ
transplantation. TDM is mostly used for individualized dosing
of calcineurin inhibitors (i.e. tacrolimus and cyclosporin
A), since these are known for their large pharmacokinetic
intrapatient variability and small therapeutic window. Although
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Methods
Fourteen healthy volunteers received a single dose of
cyclosporine A (CsA), and four healthy volunteers received
placebo. Whole blood samples were stimulated ex vivo to
measure T cell functionality, including proliferation, cytokine
production, and activation marker expression. Moreover, the in
vitro concentration-effect relationship for each individual subject
was studied by incubating pre-dose whole blood samples with a
concentration range of CsA.
Results/conclusions
The highest whole blood concentration of CsA was found
at 2 hours post-dose (1615.3 µg/L), which resulted in a
strong inhibition of IFNу and IL-2 production (93% and 73%
respectively) and expression of CD154 and CD71 on T cells
(86% and 52% respectively), as can be seen in figure 1B.
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Aims
Lung-resident T-cell immunity is key for protection against
respiratory viruses such as the Influenza A virus (IAV). We
aimed to develop a nasally administered subunit vaccine to
induce long-lasting IAV-specific CD8+ T-cells systemically and
in the lungs.

Aims
In this healthy volunteer study, we aimed to identify biomarkers
for a pharmacodynamic-based monitoring approach for treatment
with calcineurin inhibitors.

% from baseline
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the incidence of acute rejection has strongly decreased after
implementation of TDM, there are still many transplantation
patients that experience severe side effects after several years of
treatment, indicating that the current monitoring strategy need
further optimization.

% from baseline

ABS-82831166
Nasal subunit vaccination with cationic liposomes induces
Influenza-specific resident memory T cells in the airways
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Figure 1 In vitro and ex vivo effect of CsA on T cell surface
marker expression (CD71, CD154, CD69 and CD25), cytokine
production (IL-2 and IFNу) and T cell proliferation. All markers
are expressed as percentage from baseline ±SD.
Moreover, the in vitro effect of CsA was studied by incubation
of pre-dose whole blood samples with a concentration range
of CsA (Figure 1A). The average in vitro and ex vivo effect of
CsA (suppression of IFNу and IL-2 production and CD154 and
CD71 expression) strongly correlated, making the in vitro doseeffect relationship an interesting method for prediction of postdose drug effect. A future study in transplantation patients on
calcineurin inhibitor treatment is planned to investigate whether
these markers are also relevant in clinical practice.
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Introduction
Based on its wide range of immunosuppressive properties, the
antimalarial drug hydroxychloroquine (HCQ) is also used for
the treatment of autoimmune diseases such as systemic systemic
lupus erythematosus (SLE) and rheumatoid arthritis (RA). Even
though HCQ is used as treatment for these autoimmune diseases
since 1955, limited literature is available on the relationship
between HCQ concentration and its immunosuppressive effect.
Driven by the recent interest in HCQ as potential treatment for
COVID-19, we evaluated the immunosuppressive effects of
HCQ on human immune cells.
Methods
In vitro experiments in human PBMCs explored the effect of
HCQ (10 to 10,000 ng/mL) on general T cell activation markers
and cytokine production, TLR3/TLR7/TLR9/RIG-1-induced
IRF- and NFκB-mediated cytokine production, and T and B
cell proliferation. In a subsequent placebo-controlled clinical
study these same endpoints were evaluated in a group of healthy
volunteers that were treated with a cumulative dose of 2400 mg
HCQ over 5 days, the then-standard dosing regimen for moderate
to severe SARS-CoV-2 patients.
Results
In vitro HCQ inhibited IRF/NFκB mediated cytokine production
with IC50s >100 ng/mL, and Emax reaching 100% inhibition.
HCQ did not affect T cell activation or proliferation, but did
inhibit B cell proliferation at concentrations >100 ng/mL. In the
clinical study, maximal HCQ plasma concentrations ranged from
75 to 200 ng/mL. No strong ex vivo effect of HCQ treatment
were found on TLR/RIG-mediated IRF/NFκB activation, except
for a significant suppression of the imiquimod response (TLR7;
IFNα release -42%, 95% CI -72 to -4%) and mild suppression
of CpG and polyI:C responses (TLR9 and TLR3). Moreover,
HCQ treatment did not affect T cell activation or B cell and T
cell proliferation.
Conclusions
These investigations show that HCQ has clear immunosuppressive
effects on human immune cells, but the concentrations at which
these effects occur generally exceed the circulating HCQ
concentrations under conventional clinical use in COVID. Of
note, based on HCQ’s physico-chemical properties, local drug
concentrations may be higher than circulating concentrations,
potentially resulting in significant local immunosuppression.

ABS-83208074
The intradermal LPS challenge as potential in vivo
inflammasome model
J. van ’t Westende, T. Buters, W. Grievink, M.A.A. Jansen, P.
Hameeteman, R. Rissmann, J. Burggraaf, and M. Moerland.
Centre for Human Drug Research, Leiden, The Netherlands
Introduction
Processing of pro-interleukin (IL)-1β and IL-18 is regulated by
multiprotein complexes, known as inflammasomes. Increased
IL-1β and IL-18 production and signaling are implied as
key processes in the pathophysiology of various diseases
ranging from autoimmune diseases to metabolic disorders and
neurodegenerative disease. Pharmacological control of IL-1β and
IL-18 production may have therapeutic value.
Aims
To develop and characterize an in vivo human inflammasome
challenge for future application in clinical pharmacology studies
with novel compounds modulating inflammasome activity.
Methods
(1) Cytokine production in healthy donor whole blood culture
supernatant was measured upon ex vivo LPS, ATP and LPS+ATP
incubation. (2) In a clinical study, circulating cytokines in blood
were measured after intravenous LPS administration (2 ng/kg) to
healthy volunteers. (3) In another clinical study, local cytokines,
ASC, and monocytes were measured in suction blister exudate
after intradermal LPS administration (10 ng/injection) in healthy
volunteers.
Results
LPS+ATP induced significant IL-1β and IL-18 production
(maximal response ~12500 and ~310 pg/mL, respectively, at 6h)
in fresh human whole blood cultures. Intravenously administered
LPS induced a limited systemic IL-1β, but no IL-18 response.
Intradermally administered LPS drove a robust local IL-1β
response (peaking 6h post LPS at 93.0±95.6 pg/mL), cellular
influx (peaking 10h post LPS at 1223.0±1149.2 monocytes/mL),
and ASC protein expression (peaking 3h post LPS at 53.8±3.8
ng/mL).
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ABS-83090692
Immunosuppression by hydroxychloroquine: mechanistic
proof in in vitro experiments but limited systemic activity in
a human clinical pharmacology study

Conclusions
Whereas an intravenous LPS challenge does not drive a
significant IL-1β response, an intradermal LPS challenge does.
Inflammasome activation by LPS probably requires a static
environment, as also supported by ex vivo whole blood IL-1β
production. The in vivo intradermal LPS challenge may be a
valuable model for future clinical trials investigating the effects
of inflammasome / caspase inhibitors.
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The human vulvar microbiome in health and disease: a
systematic review
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2 Maastricht University Medical Centre, Maastricht, The
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Background
The link between cancer and the microbiome is a fast-moving
field in research. There is little knowledge on the microbiome in
((pre)malignant) conditions of the vulvar skin. This systematic
review aims to provide an overview of the literature regarding the
microbiome composition of the healthy vulvar skin and in (pre)
malignant vulvar disease.
Methods
This study was performed according to the PRISMA statement
guidelines and registered in PROSPERO. A comprehensive,
electronic search strategy of PubMed, Embase, Emcare, Web of
Science, Cochrane Library and Academic Search Premier was
used to identify original research articles (updated February
2021). The main inclusion criteria were research articles using
culture-independent methods for microbiome profiling in tissue
or swabs of the vulvar region. The main exclusion criteria were
systematic reviews, culture-based studies, animal studies and
case reports. The risk of bias was assessed according to the
Critical Appraisal Checklist characteristics by the Joanna Briggs
Institute.

POSTERS

Results
Ten articles were included. The bacterial composition of the
vulva consists of several genera including Lactobacillus,
Corynebacterium, Staphylococcus and Prevotella, suggesting
that the microbiome composition of the vulva shows similarities
with the corresponding vaginal milieu. However, the vulvar
microbiome generally displayed higher diversity with
commensals of cutaneous and fecal origin, giving the vulva a
distinctive signature.
Discussion
This is the first systematic review that investigates the relationship
between microbiome and vulvar (pre)malignant disease. We
found that there is limited knowledge available, and that the level
of evidence is low. There are limitations in study size, population
diversity and sequencing methodology. Nevertheless, the vulvar
microbiome represents a promising field for exploring potential
links for disease etiology and targets for therapy.

tolerance [2]. Our work has shown that lipid nanoparticles
(LNPs) can specifically deliver mRNA coding for antigen to
the zebrafish equivalent of LSECs [3]. Here we address whether
LNPs specifically target LSECs and can induce antigen specific
tolerance in mice.
Methods and Results
By priming C57BL/6 mice that received an adoptive transfer of
ovalbumin (OVA)-specific CD4+ (OT-II cells) and CD8+T cells
(OT-I cells), with LNPs that contain OVA-encoding RNA, we
show that LNP administration substantially reduced (>10-fold)
OT-I expansion upon an inflammatory challenge with OVA and
Poly(I:C). Moreover, we observed a decrease in T-bet+ OT-I T
cells and a significant increase in CD25+FoxP3+ OT- I cells.
Interestingly, we did not observe any significant differences in
expansion of OT-II cells, nor did we observe any changes in their
activation or polarisation.
Conclusions
Overall, these results suggest that administration of OVA mRNA
using LNPs leads to induction of tolerance mediated by antigenspecific CD8+ T cells. Currently, we are studying the application
of LNPs that contain OVA-encoding RNA as a therapeutic
vaccine in mice with established inflammation. Additional
follow-up research includes studying the biodistribution of the
LNPs in mice after intravenous administration. We aim to use
this versatile vaccine platform to induce antigen-specific immune
tolerance in auto-immune disease mouse models driven by
a cytotoxic CD8+ T cell response to demonstrate the possible
applications of this method in the clinic.
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A lipid nanoparticle RNA vaccine platform for induction of
antigen-specific tolerance
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Aims
Globally, 5 to 10% of the population suffers from an auto-immune
disease and generally are treated with immunosuppressive
medication [1]. Induction of immune tolerance to specific
antigens however, could potentially allow treatment without
the trade-off of systemic immune suppression. Liver sinusoidal
endothelial cells (LSECs) form the vascular lining of sinusoids
in the liver and have previously been shown to mediate immune
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