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Samen werken 
aan een gezonder 
Nederland

Wij leven voor jouw gezondheid en welzijn

Dit doen we door onze innovatieve medicijnen, 
premium zelfzorgproducten en impactvolle samen-
werkingen. Dit is meer dan ons werk. Het is onze passie. 
Of het nu gaat om individuele zorg, veel voorkomende 
of juist erg zeldzame ziektes.

Onze expertise is het ontwikkelen van betekenisvolle 
en  vernieuwende geneesmiddelen, waaronder biosimilars 
 (patentloze biologische geneesmiddelen), en vaccins. 
We streven hierbij naar grensverleggende innovaties. 
Daarnaast bieden wij zelfzorg producten die aan 
gezondheid en welzijn kunnen bijdragen. 

Goede, constructieve samenwerking met alle andere 
partijen in de zorg is van cruciaal belang. Dit is de enige 
weg vooruit. We hebben elkaar nodig om de best mogelijke 
zorg te leveren.

Want samen kunnen we werken aan een zorgsysteem 
waar bij de toegevoegde waarde voor de patiënt 
centraal staat. En aan een zorgstelsel dat niet alleen 
toegankelijk en betaalbaar is maar ook duurzaam. Op 
die manier kunnen wij continu aan nieuwe, innovatieve 
geneesmiddelen en vaccins blijven werken tegen 
aandoeningen waar nu geen middel voor is of waar 
bestaande middelen niet goed genoeg zijn.
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Professor of Cell Signaling and Cancer Biology, University of 
Washington in Seattle
 
Exploring and exploiting the constraints of local cell signaling
The board of the Dutch Pharmacological Society is honored 
to announce Prof. John D. Scott, University of Washington 
in Seattle as recipient of the 2018 Ariëns Award, an award 
in memory of Professor E.J. Ariëns (1918 – 2002), and given 

in pharmacology.

John Scott is head of the Division Pharmacology at the University 
of Washington School of Medicine, Seattle. He is also entitled as 
Edwin G. Krebs-Hilma Speights Professor. He received his B.Sc. 
(Hons) degree from Herriot-Watt University, Edinburgh, and his 
Ph.D. degree from the University of Aberdeen. He did postdoctoral 
research on protein kinase inhibitors in the laboratory of Edwin 
Krebs at the University of Washington. Edwin Krebs received 
the Nobel Prize for Physiology in Medicine in 1992. John Scott 
joined the faculty of the University of California, Irvine before 
moving to the Vollum Institute at the Oregon Health & Sciences 
University, Portland. 

events that are controlled by anchoring proteins, which facilitate 
rapid signal transduction by optimally positioning protein kinases 
and phosphatases in the vicinity of their activating signals and 
close to their substrates. His research has let to novel insights 

contributions to the development of novel therapeutics to treat 

drug to subcellular locations to improve personalized medicine 

interactions is rapidly developing, getting thereby more and more 
into the focus of national and international meetings. Here it is 
worthwhile to mention the symposium organized on the Dutch 
Medicine Days 2017 in the framework of the Prix Galien 2017, 
“Peptides and proteins are key”, and the CHAIN Meeting 2017, 
“Chemistry as Innovating Science”. John spans the broad area of 
cell signaling, biochemistry, physiology and pharmacology. 

Dr. Scott is a fellow of the Royal Society, London, and was 
recently elected a fellow of the Royal Society of Edinburgh, 
fellow of the American Association for the Advancement of 
Science, and fellow of the Norwegian Academy of Science and 
Letters. He received the Award in Pharmacology, American 
Society for Pharmacology and Experimental Therapeutics, the 
Ernst Oppenheimer Award, Endocrine Society, the William C. 
Rose Award, American Society for Biochemistry and Molecular 
Biology, the Medical Research Foundation of Oregon Discovery 
Award and the D. Harold Copp Award, University of British 
Columbia. He current h-index is about 102 (Google Scholar), and 
about 33109 citations.

Professor John D. Scott
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ABS-59320011
The path to improved production of the antimalarial 
artemisinin

Ingy I. Abdallah, Ronald van Merkerk, Esmée Klumpenaar and 
Wim J. Quax
Department of Chemical and Pharmaceutical Biology, Groningen 
Research Institute of Pharmacy, University of Groningen, 9713 
AV, Groningen, The Netherlands.

Aim
Artemisinin-based combination therapies are currently 
recommended by The World Health Organization as the most 

on using a combination of iron and artemisinin to target cancer 
cells has been gaining momentum. Amorphadiene synthase 

step in the biosynthesis of artemisinin. Our aim is to screen a 
mutability landscape of ADS to identify the active site residues 
involved in its mechanism. In addition, we identify mutants with 
enhanced catalytic activity compared to the wild type ADS. The 
enhanced ADS mutants will be introduced into a microbial host 
for higher production of artemisinin. This effort is to improve the 
overall biosynthesis of artemisinin to increase its availability at 
lower prices for third world countries and to widen its range of 
applications beyond the scope of antimalarials.

Methods
A three-dimensional model of ADS was used to determine the 
residues to be subjected to mutation. The distance from the 
substrate and their interactions were considered and a mutant 
library of 258 variants spanning the sixteen selected residues was 
created.  This mutant library was screened for catalytic activity 

bioluminescent assay and GC-MS. The amount of amorphadiene 
produced by the enhanced mutants in E. coli was measured using 
GC-MS and compared to the wild type ADS.

Results / Conclusions
The mutability landscape of ADS provided insight into the 
structure-function relations of the active site residues by 
determining residues that are essential for the mechanism along 
with the revealing of mutants with improved catalytic activity 
compared to the wild type such as T399S, H448A and T339S/
H448A. The amount of amorphadiene produced by the enhanced 
mutants in E. coli was higher than that produced by the wild type 
ADS. This lays the foundation for further improvement of the 
commercial biosynthesis of artemisinin using microbial hosts.
 
Figure
Mutability landscape of ADS for catalytic activity using 
bioluminescent assay. The vertical axis portrays the 20 possible 
amino acid residues. The wild-type amino acid residue at each 
position is indicated by bold squares, white boxes represent 
variants that are not present in the library and grey squares 
represent variants with very low expression. The color indicates 
the catalytic rate of reaction (V). 

References
1. Abdallah, I.I., Czepnik, M., van Merkerk, R., Quax, W.J., (2016) Insights 

into the Three-Dimensional Structure of Amorpha-4,11-diene Synthase and 
Probing of Plasticity Residues. Journal of Natural Products 79, 2455–2463. 

2. Abdallah, I.I., van Merkerk, R., Klumpenaar, E., Quax, W.J., (2018) 
Catalysis of amorpha-4,11-diene synthase unraveled and improved by 

ABS-58666774
Kick-starting drug development; translational systems 

advanced computational modelling

Rob C. van Wijk1, Elke H.J. Krekels1, Anita K. Ordas2, Shuning 
He3, Vasudev Kantae1, Thijs Kreling1, Amy C. Harms1, A Thomas 
Look3, Fons J Verbeek4, Thomas Hankemeier1, Herman P. 
Spaink2, Piet H. van der Graaf1,5

1Systems Biomedicine and Pharmacology, Leiden Academic 
Centre for Drug Research, Leiden University, Leiden, The 
Netherlands; 2Division of Animal Sciences and Health, Institute 
of Biology Leiden, Leiden University, Leiden, The Netherlands; 
3Department of Pediatric Oncology, Dana-Farber Cancer 
Institute, Harvard Medical School, Boston, USA; 4Section 
Imaging and Bioinformatics, Leiden Institute for Advanced 
Computer Science, Leiden University, Leiden, The Netherlands; 
5QSP, Certara, Canterbury, UK

Rationale

larvae are increasingly popular as vertebrate model organism. They 
can serve as a link between in vitro experiments and in vivo studies 
and their high-throughput potential allows for the generation of large 

to higher vertebrate species however requires the development of 
novel pharmacokinetic-pharmacodynamic (PKPD) experimental 
methods and computational concepts. Here, we present two 
examples illustrating the challenges in achieving this.

in the surrounding water, drive pharmacological effects. Larvae 
are only a few hundred nanolitres in volume, so innovative 
blood sampling methods and advanced analytical techniques are 
necessary to quantify internal drug concentrations. Non-linear 
mixed effects modelling is thereafter needed to quantify drug 
uptake, distribution and clearance, which were found to scale 
well with higher vertebrates, including humans, for paracetamol 
as paradigm compound [2].

Quantifying tumour volume
Understanding the effect of the drug on the disease requires 

therein, by biomarkers like tumour size. For cancer studies 

developed a method based on optical projection tomography 
to accurately quantify tumour volume in 3D. Combining 
measurements of internal drug exposure with drug-induced 
changes in tumour volume enables the establishment of accurate 
concentration-effect relationships, which are the basis for inter-
species translation of drug effects.

Conclusions
The presented case examples illustrate the integration of innovative 
experimentation and advanced quantitative computational analysis 

continuous collaboration between experimental and computational 
scientists from different disciplines like pharmacology, analytical 
chemistry, biology, and computer sciences, to answer the relevant 
questions in early drug development.

References
1. Van Wijk, R. C. et al, Drug Discov. Today Dis. Model. 22, 27–34 (2017).

3. He, S. et al, eLife 5, e14713 (2016).
4. Schulthess P. and Van Wijk, R. C. et al, CPT:PSP 7, 285-287 (2018)
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ABS-58563183
Nanobodies targeting HCMV-encoded receptor US28 as 
modulators of US28 function and means to eradicate US28-
expressing cells.

Timo W.M. De Groof1, Raimond Heukers1, Tian Shu Fan1, Vida 
Mashayekhi2, Raymond H. de Wit1,  Jeffrey R. van Senten1, 
Maarten P. Bebelman1, Tonny Lagerweij4, Afsar Rahbar3, Marco 
H. Siderius1,Thomas Würdinger4, Sabrina Santos Oliveira2, 
Cecilia Söderberg- Nauclér3 and Martine J. Smit1

1Amsterdam Institute for Molecules Medicines and Systems 
(AIMMS), Faculty of Sciences, Department of Medicinal 
Chemistry, VU University Amsterdam, de Boelelaan 1108, 1081 
HV Amsterdam, The Netherlands 2Division of Cell Biology, 
Science Faculty, Department of Biology, Utrecht University, 
Utrecht, The Netherlands 3Department of Medicine Center for 
Molecular Medicine, Karolinska Institute, Stockholm, Sweden, 
4Department of Neuro-oncology Research Group, Cancer Center 
Amsterdam, VU Medical Center, Amsterdam, The Netherlands.
E-mail: t.w.m.degroof@vu.nl
 
The human cytomegalovirus (HCMV) establishes a lifelong latent 
infection. However, reactivation can lead to severe pathologies. 
In addition, HCMV is believed to play a role in oncogenic 
processes, including the progression of glioblastoma (GBM). 
US28 is one of the viral chemokine receptors encoded by HCMV. 
This receptor is required for maintaining latent infection but also 
activates multiple oncogenic signalling pathways. Expression of 
US28 has been detected in GBM patients and enhances tumour 
formation in vivo.  

To further investigate the role of this receptor, multiple US28-
targeting nanobodies (llama-derived antibody fragments) were 
generated. The US28-targeting nanobodies impaired US28-
associated tumour growth in vivo and reduced growth of 
HCMV-infected 3D spheroids. In addition, the US28 targeting 
nanobodies were linked to a photosensitizer and eradicated 
US28-expressing cells upon treatment with near-infrared light. 
Currently, the use of nanobody based-photosensitizer on infected 

targeting nanobodies can reduce US28-mediated oncogenic 
effects and can be used as tools to selectively eradicate US28-
expressing cells. Altogether, the US28 nanobodies prove to be 
interesting tools to further investigate the role of US28 in GBM 
progression and HCMV associated malignancies. 

ABS-58554256
Raw cow’s milk prevents the development of asthma in a 
murine house dust mite-induced asthma model

S. Abbring1*, K.A.T. Verheijden1*, M.A.P. Diks1, A. Leusink-Muis1, 
B.R. Blokhuis1, T. Baars2, J. Garssen1,3, B.C.A.M. van Esch1,3  
1Division of Pharmacology, Utrecht Institute of Pharmaceutical 
Sciences, Faculty of Science, UU, Utrecht, The Netherlands; 
2Research Institute of Organic Agriculture (FiBL), Frick, 
Switzerland, 3Nutricia Research, Utrecht, The Netherlands
*These authors contributed equally to this work

Background
Epidemiological studies show an inverse relation between raw 
cow’s milk consumption and the development of asthma. This 
protective effect seems to be abolished by milk processing. 
Evidence for a causal relationship is however lacking and direct 
comparisons between raw and heat treated milk are hardly 
studied. This study therefore investigated the preventive capacity 
of raw milk and heated raw milk on the development of house 
dust mite (HDM)-induced allergic asthma in mice.

Methods
Male BALB/c mice were intranasally (i.n.) sensitized with 1 
μg HDM or PBS on day 0, followed by an i.n. challenge with 
10 μg HDM or PBS on days 7 to 11. In addition, mice were 
orally treated with raw cow’s milk, heated raw cow’s milk or 
PBS three times a week throughout the study. On day 14, airway 
hyperresponsiveness (AHR) in response to methacholine was 

(BALF) and lungs were collected to study the extent of airway 

raw milk on mast cell cytokine production was investigated by 
culturing murine bone marrow-derived mast cells.

Results
Raw milk prevented both HDM-induced AHR and pulmonary 

Both milk types suppressed the Th2 polarizing chemokine 
CCL17 in lung homogenates. Lung Th2 cell frequency and IL-4 
and IL-13 production after ex vivo restimulation of lung cells 
with HDM were also reduced by both milk types. However, only 
raw milk suppressed local IL-5 and IL-13 levels. Preliminary data 
suggests a possible role for mast cells since raw milk reduced IL-
13 production by mast cells in vitro.

Conclusion
Raw cow’s milk prevents the development of asthma in a murine 
HDM-induced allergic asthma model. Heat treated raw milk 
did not show this protective effect. Besides causal evidence this 
study provides the basis for further mechanistic studies in which 
the involvement of mast cells needs to be elucidated.

ABS-58530102
Long-lasting small interfering RNA targeting angiotensinogen 
induces a robust and durable antihypertensive effect

Estrellita Uijl1,2, Katrina M. Mirabito Colafella1,3, Ewout J. Hoorn2, 
Marko Poglitsch4, Jae Kim5, Don Foster5, A.H. Jan Danser1

1Division of Vascular Medicine and Pharmacology, 2Division 
of Nephrology and Transplantation, Department of Internal 
Medicine, Erasmus MC, Rotterdam, The Netherlands; 
3Cardiovascular Program, Biomedicine Discovery Institute 
and Department of Physiology, Monash University, Melbourne, 
Australia, 4Attoquant Diagnostics, Vienna, Austria, 5Alnylam 
Pharmaceuticals, Cambridge, MA, USA

Aim
All angiotensin stems from angiotensinogen (AGT). A single 
dose of small interfering ribonucleic acids (siRNA) targeting 
AGT may provide long-lasting blood pressure reductions, as it 

of AGT siRNA in spontaneously hypertensive rats (SHRs).

Methods
SHRs were treated for 4 weeks with vehicle, siRNA (10 mg/kg; 
s.c. every 2 weeks), valsartan (31 mg/kg/day; oral), captopril 
(100 mg/kg/day; oral), valsartan+siRNA, or captopril+valsartan 
(all groups n=8). Mean arterial pressure (MAP) was measured 
via radiotelemetry.

Results

valsartan+siRNA (-67±3 mmHg; P<0.01 vs. captopril+valsartan), 
followed by captopril+valsartan, captopril, siRNA and 
valsartan (-55±4, -24±2, -14±1, and -9±2 mmHg, respectively). 
Valsartan+siRNA reduced cardiac hypertrophy the most (P<0.05 
vs. captopril+valsartan). No treatment affected glomerular 

AGT by 98.6%, which increased to 99.9% in combination 
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with valsartan. All treatments increased renin, the highest rise 
occurring after valsartan+siRNA. Yet, only valsartan+siRNA 
lowered angiotensin II. No treatment altered aldosterone. Plasma 

only in the valsartan+siRNA group. Both types of dual blockade 
attenuated normal growth from the second week of treatment 
onwards. 

Conclusions
Due to renin upregulation, circulating angiotensin II remains 
intact even when only 1.4% of AGT is left. Consequently, AGT 
siRNA causes a similar antihypertensive effect as valsartan and 
captopril. Only when combining siRNA+valsartan, angiotensin II 
collapses, and blood pressure decreases synergistically. The low 
dosing frequency of this novel treatment may resolve medication 
adherence problems in patients with resistant hypertension.
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ABS-59074065
Development of a pediatric brain PBPK model in children 
with and without meningitis.

Laurens F.M. Verscheijden1, Jan B. Koenderink1, Karel Allegaert2, 

3, Saskia N. de Wildt1,2, Frans G.M. Russel1

1Department of Pharmacology and Toxicology, Radboud Institute 
for Molecular Life Sciences, Nijmegen, The Netherlands
2Intensive Care and Department of Paediatric Surgery, Erasmus 
MC-Sophia Children's Hospital, Rotterdam, The Netherlands
3Department of Development and Regeneration, KU Leuven, 
Leuven, Belgium

Currently, several pediatric PBPK models have been developed 
incorporating developmental changes affecting plasma drug 

age-related and affected by, among others, CSF production rate. 
In addition, drug disposition can be affected by brain diseases 
such as meningitis, which has been described to impair blood-
brain barrier integrity. Clinical studies are, however, often not 
feasible or desired for critically ill children.

Aim
Our aim was to develop a pediatric brain PBPK model to predict 
CSF concentrations in children with and without meningitis.

Methods
A pediatric PBPK CSF model was developed incorporating 
age-appropriate parameters and associated inter-individual 
variability. Literature derived PopPK clearance parameters were 
used to describe elimination from the model. The CSF model 

naproxen. Subsequently, to add the impact of meningitis to the 
model, meropenem blood-brain barrier penetration was estimated 
using sensitivity analysis, and validated for the pediatric 
meningitis population. Plasma and CSF drug observations 
derived from literature were used to perform visual predictive 
checks and to calculate ratios between simulated and observed 
AUCs in order to evaluate model performance.

Results 
Simulated data is comparable with observed data both for drugs used 
to validate the healthy PBPK model, as well as for the meningitis 
model over a broad age range (age range: 1day – 15years postnatal 
age). In addition, the ratios between observed and simulated AUCs 
were within 2-fold difference for all simulations both in plasma 
and in CSF, indicating acceptable model performance. Disposition 
of meropenem into the brain was slow. Several days were needed 
to achieve CSF steady state concentrations whereas in plasma 
steady state was reached within a day.

Discussion
This pediatric brain PBPK model is an innovative tool to predict 
CSF concentrations in children with and without meningitis as, 
next to evaluating pharmacokinetics of mentioned drugs, it can 
be used as a template model for other drugs acting in the CNS. 

ABS-58600261
High intrapatient variability in tacrolimus exposure is not 
associated with immune-mediated graft injury after liver 
transplantation

M.A.A. van der Veer1, N. Nangrahary1, D.A. Hesselink2, N.S. 
Erler3,4, H.J. Metselaar5, S. Darwish Murad5 and T. van Gelder1,2

1Dept. of Hospital Pharmacy, 2Dept. of Internal Medicine, 
3Dept. of Biostatistics, 4Dept. of Epidemiology, 5Dept. of 
Gastroenterology and Hepatology, Erasmus University Medical 
Center, Rotterdam, The Netherlands. 

Aims
A high intrapatient variability in tacrolimus exposure is 
associated with impaired long-term clinical outcome after 
kidney transplantation [1,2]. It remains to be determined if a 
high tacrolimus intrapatient variability is equally detrimental for 
liver transplant recipients [3]. The objective of the study was to 
investigate the association between a high intrapatient variability 
in tacrolimus exposure and immune-mediated graft failure after 
a liver transplantation.

Methods
For 326 liver transplant recipients, transplanted between 2000 
and 2015, the tacrolimus intrapatient variability was calculated 
from at least 5 tacrolimus trough samples between month 6 
and 18 after the liver transplantation and was expressed as the 

variation. For the primary outcome, a composite endpoint was 
used, consisting of graft failure due to immunological causes 
(including chronic rejection, biopsy proven late acute rejection 
and suspected late acute rejection) after month 6 post-liver 

tacrolimus intrapatient variability on (1) the loss of renal function 
per year of follow- up and (2) cytomegalovirus viremia after 
month 6 post-liver transplantation.

Results
Of the 326 included liver transplant recipients, 70 patients 
reached the primary composite endpoint. There was no 

endpoint between the low and high tacrolimus variability group 
(p=0.068). Tacrolimus variability modeled as a continuous 

analysis (p=0.324). MELD-score pre-transplantation and number 

mediated graft failure (p=0.049, p=0.016). A higher tacrolimus 
variability with an impaired kidney function at baseline (eGFR 
< 40 ml/min) was associated with more loss of renal function 
per year of follow-up (p=0.007). Tacrolimus variability was not 
associated with cytomegalovirus viremia after month 6 post-liver 
transplantation.

Conclusion
A high intrapatient variability in tacrolimus exposure beyond 
month 6 post-liver transplantation was not found to be associated 
with immune-mediated graft failure. 

References
1.  Borra LCP, Roodnat JI, Kal JA, Mathot RAA, Weimar W, van Gelder 

T. High within-patient variability in the clearance of tacrolimus is a risk 
factor for poor long-term outcome after kidney transplantation. Nephrol 
Dial Transplant Off Publ Eur Dial Transpl Assoc - Eur Ren Assoc. 2010 
Aug;25(8):2757–63. 

2.  Shuker N, Shuker L, van Rosmalen J, Roodnat JI, Borra LCP, Weimar W, et 
al. A high intrapatient variability in tacrolimus exposure is associated with 
poor long-term outcome of kidney transplantation. Transpl Int Off J Eur 
Soc Organ Transplant. 2016 Nov;29(11):1158–67.

3.  Neuberger JM, Bechstein WO, Kuypers DRJ, Burra P, Citterio F, De G, 

risks in kidney and liver transplant recipients: A guidance report and clinical 

(COMMIT) group. Transplantation. 2017;101(4):S1–56. 
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ABS-59092270 
The effect of rapid infusion of cisplatin on nephrotoxicity in 
patients with lung carcinoma

Mense E.S.1, Smit A.A.J.1, Crul M.2 & Franssen E.J.F.1

1OLVG Hospital, Amsterdam, The Netherlands 2Amsterdam 
UMC, Amsterdam, The Netherlands

Introduction
The use of cisplatin in the treatment of lung carcinoma is limited 
by nephrotoxicity (Taguchi et al., 2005; Arany et al., 2003; 
Miller et al.,2010). The effect of the infusion rate of cisplatin on 
nephrotoxicity has not been investigated.

Aims
The aim of this study was to determine whether the incidence of 
nephrotoxicity in patients with lung carcinoma is affected by the 
infusion rate of cisplatin.

Methods
This observational, retrospective study was performed on 
patients diagnosed with non-small cell lung carcinoma 
(NSCLC), small cell lung carcinoma (SCLC) or mesothelioma 
receiving a cisplatin-containing chemotherapy regimen. Patients 
were divided into two cohorts (rapid infusion of cisplatin in 1 
hour vs. regular infusion in 3 hours) based on the starting date 
of the chemotherapy regimen. The primary objectives were the 
difference in renal function after 3 cycles of chemotherapy and 
the incidence of nephrotoxicity. To assess nephrotoxicity both the 
incidence of acute kidney injury (AKI) grade 1 and the maximum 

using the electronic patient database Epic.

Results
230 lung carcinoma patients with a cisplatin-containing 
chemotherapy regimen were included. Baseline characteristics 
were similar for the rapid and regular infusion cohorts, except for 
type of lung carcinoma, chemotherapy regimen and prevalence 

function between rapid infusion of cisplatin and regular infusion 
of cisplatin (eGFR 86.1 ml/min [71.0 - 96.3] vs. 87.9 ml/min 
[71.6 - 97.3]; p = 0.938). The incidence of AKI grade 1 was not 

cisplatin (29.3% vs. 29.8%; p = 0.932). The maximum decrease 
in eGFR was 14.8 ml/min in the rapid infusion cohort and 17.7 
ml/min in the regular infusion cohort (p = 0.364).

Conclusion
The incidence of nephrotoxicity after repeated infusion of 
cisplatin was not affected by the infusion rate of cisplatin. 
Therefore, a one-hour infusion of cisplatin is a safe and feasible 
method, which may potentially shorten duration of hospital 
admittance and enable treating patients in the outpatient setting.

References
Arany I. et al., Semin. Nephrol. 23 (2003) 460–464.
Taguchi T. et al., Contrib. Nephrol. 148 (2005) 107–121. 
Miller R.P. et al., Toxins (Basel). 2 (2010) 2490–2518. 
 

ABS-58594626 

oldest old. A cohort study using general practitioner data 
from the CPRD. 

G.J. Lefeber1,2,W. Knol1,2, H.L. Koek1,2, P.C. Souverein3,4, M.L. 
Bouvy3, A. de Boer3 
1Dept of Geriatrics, UMC Utrecht, Utrecht, the Netherlands; 
2Expertisecentre Pharmacotherapy in Old Persons (EPHORr), 
Utrecht, the Netherlands; 3Utrecht Institute for Pharmaceutical 
Sciences (UIPS), Dept of Pharmacoepidemiology and Clinical 
Pharmacology, Faculty of Science, Utrecht University, Utrecht, 
the Netherlands

Background
Currently, in patients aged 80 and above, 50-80% use statins 
post myocardial infarction (MI). However, evidence to support 
initiation and use of statins in this population lacks. Therefore 
our aim was to investigate effects of cumulative statin use on 
MI, stroke or cardiovascular mortality (primary outcome) and on 

Methods
A cohort study in the Clinical Practice Research Datalink was 

MI, surviving 30 days after discharge, without statin treatment 
one year before hospitalisation, were included. Time varying 

intervals (CI) of statin treatment on the primary outcome and 
mortality, adjusted for confounders including frailty. HRs were 
converted into numbers needed to treat (NNT) and adjusted for 
two year mortality.

Results 
Comparing over two years statin treatment to no/less than two 
years statin treatment on the primary outcome resulted in a HR 
of 0.81 (95%CI 0.66–0.99) and a NNT of 59 over three years, 
increasing to 93 after adjusting for 36.2% mortality. Over two 
years statin treatment decreased mortality (HR 0.84; 95%CI 
0.73–0.97).

Conclusion 

for at least 2 years were found in patients aged 80 and older. 
When considering the mortality during and after hospitalisation 
and competing risks thereafter in old age, initiating statins may 
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ABS-58501176
Stakeholder Perspectives on Implementing Personalized 
Medicine in Diabetic Kidney Disease

Michelle Pena1, Nienke Idzerda1, Gert Mayer2, Friedrich Schulze3, 
Jeannette Soderberg4, Dennis Andress5, Maria F. Gomez6, Hiddo 
L. Heerspink1, Dick de Zeeuw1, Peter Mol1, for Work Package 6 
of the BEAt-DKD Consortium7

1University Medical Center Groningen, 2Medical University 
Innsbruck, 3Boehringer Ingelheim, 4JDRF, 5AbbVie, 6Lund 
University, 7Biomarker Enterprise to Attack Diabetic Kidney 
Disease Consortium

Aims
The Innovative Medicine Initiative BEAt-DKD consortium aims 
to discover and implement novel biomarkers for personalized 
medicine in diabetic kidney disease (DKD). Gaining stakeholder 
opinions and perspectives are important in this process. We 
describe here the opinions and perspectives of stakeholders 
obtained during focus group meetings.

Methods
Stakeholder focus groups were held with members of the 
European regulatory agencies, health technology assessors 
(HTA), physician groups, and patient organizations. BEAt-
DKD consortium partners included academia, pharmaceutical 

lists were developed by BEAt-DKD members. A background 
presentation on personalized medicine in DKD was given, and 
then an open discussion was held, moderated by an academia 
BEAt-DKD member. Themes discussed included: 1) determining 
whether there is a need for personalized medicine in DKD, 2) 

of hurdles for implementation, and 5) engagement with other 
stakeholders.

Results / Conclusions
Attendees of the focus groups included representatives from 
European regulatory agencies (n=7), HTA (n=4), physicians 
(n=5), and patients (n=4). BEAt-DKD partners included 
academia (n=6), pharma (n=3), and advocacy (n=1). Main points 
that came out of the stakeholder focus groups are presented in 
the table. 

Stakeholder Perspective on personalized medicine in DKD
European regulators Need for prospective clinical trial evidence before   

HTA Assessment of budget impact and cost effectiveness 

 priorities vary from country to country.

 treatment need to be developed and included in   
 clinical practice guidelines.
Patients Extra time for medical procedures and shared   
 medical decision making should be considered.   

 clinical endpoints.
 

Implementing personalized medicine in DKD is complex, and 
early engagement of stakeholders in the developmental process 
is important. Different stakeholders had different priorities, and 
achieving the goal of implementing personalized medicine in 
DKD will only happen if we can align stakeholder goals.

ABS-59392480
Comparison of three different platelet function tests in 
patients on P2Y12 inhibitors in correlation to genetic 
background.

R.H. Olie1,2, R.R.K. Hensgens1,3, P.A.H.M. Wijnen3, O. Bekers3, 
L.F. Veenstra4, H. ten Cate1,2, Y.M.C.Henskens2,3

1Department of Internal Medicine, Maastricht University Medical 
Center + (MUMC+), Maastricht, The Netherlands
2Laboratory for Clinical Thrombosis and Haemostasis, 
Cardiovascular Research Institute Maastricht (CARIM), 
Maastricht University, Maastricht, The Netherlands
3Central Diagnostic Laboratory, Maastricht University Medical 
Center +, Maastricht, The Netherlands
4Department of Cardiology, Maastricht University Medical 
Center +, Maastricht, The Netherlands

Background
Residual platelet reactivity (PR) in patients treated with P2Y12-
inhibitors can be measured with several platelet function tests 
(PFTs). However, the agreement between different PFTs is 
only slight to moderate. Polymorphisms of the CYP2C19 
gene have impact on the metabolization of clopidogrel into its 
active metabolite and, thereby, have impact on the patients’ on-
treatment PR. The prodrug prasugrel is less affected by genetic 
variation in CYP2C19, whereas ticagrelor is a direct-acting agent 

is to investigate which of three different PFTs correlates best 
with underlying CYP2C19 metabolism in patients treated with 
P2Y12-inhibitors.

Methods 
In this single-center cohort study, genetic testing and PFTs 
were performed in 396 patients, treated with either clopidogrel 
(n=314), prasugrel (n=55) or ticagrelor (n=27). The choice of 
P2Y12-inhibitor was up to the treating cardiologist. We performed 
three different PFTs: Multiplate ADP, Light Transmission 
Aggregometry (LTA, ADP 20 μmol/L) and VerifyNow P2Y12. In 
whole EDTA-blood, genotyping of the CYP2C19 polymorphisms 
was performed using the LightCycler (Roche Diagnostics). 

Results
In the clopidogrel group, LTA shows a decrease in mean value 
per group of CYP2C19 metabolism, with the highest value of 
45.1 ± 18.1 ADP% for poor metabolizers (PM) and the lowest 
value of 38.1 ± 16.3 ADP% for rapid metabolizers (RM) 
(p=0.063). Roughly, the VerifyNow P2Y12 shows the same 
decreasing trend, with the highest value of 178.4 ± 79.6 PRU for 
intermediate metabolizers (IM) and the lowest value of 128.5 ± 
81.3 PRU for rapid metabolizers (p<0.001). However, Multiplate 
ADP does not show any association between the CYP2C19 

treated patients, we detected a decrease in mean value of PR in 
all three PFTs for respectively IM, extensive metabolizers (EM) 
and RM. As expected, in ticagrelor-treated patients we found no 
correlation between CYP2C19 metabolism and PR as measured 
by all three PFTs.
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Conclusion 
In patients treated with clopidogrel or prasugrel, PR measured 
by LTA and VerifyNow correspond with underlying CYP2C19 
polymorphisms, contrary to PR  measured by Multiplate. As 
expected, no such associations were found in ticagrelor-treated 
patients.

ABS-58234749 

failure outcomes based on short-term changes in multiple 
risk markers

NMA Idzerda1, CD Sjostrom2, B Stefansson2, DC Wheeler3, HJL 
Heerspink1 
1Department of Clinical Pharmacy and Pharmacology, 
University of Groningen, University Medical Center Groningen, 
Groningen, the Netherlands;
2AstraZeneca, Gothenburg, Sweden
3Centre for Nephrology, University College London, United 
Kingdom

Aims

reduces blood pressure, body weight and urinary albumin: 
creatinine ratio (UACR) in patients with type 2 diabetes (T2DM). 
We previously developed an algorithm, the PRE score, to predict 
how short term effects of a drug on risk factors may translate 
into long-term changes in clinical outcomes. We applied the PRE 

drug on renal and heart failure (HF) outcomes in T2DM patients 
with impaired renal function. 

Methods
The relationships between multiple risk markers and long-term 
outcome were determined by means of a multivariable Cox model 
in a subgroup of T2DM patients derived from the ALTITUDE 
trial. These relationships were applied to short-term changes in 

clinical trials to predict the expected drug-induced changes to renal 
and HF outcomes. Patient characteristics within the background 
population were matched with respect to UACR and eGFR to 

and a sustained doubling of serum creatinine. The heart failure 

Results / Conclusions
A total of 372 and 136 patients had UACR>30 mg/g and 
UACR>200 mg/g at baseline, respectively. The PRE score 
predicted a renal risk reduction of 39% (95% CI 17 to 61%) and 

UACR>30 mg/g and UACR>200 mg/g subgroups. The predicted 
reduction in HF events was 21% (95% CI 8 to 35%) and 28% (95% 

by approximately 35% in both UACR subgroups. Simulation 
analyses showed that even with a smaller albuminuria lowering 

was still 26.5% and 26.8% in the two UACR subgroups.

The PRE score predicted clinically meaningful reductions in 

in patients with diabetic kidney disease. These results support 

ABS-58540674

endothelial cells. Comparison between umbilical vein and 
aorta.

Larissa P. M. W. D. Govers1, Jelle Vriend1, Hedwig van Hove1, 
Wim Morshuis2, Frans Russel1, Martijn J. Wilmer1, Gerard A. 
Rongen1,3 
1Dept. Pharmacology and Toxicology, 2Dept. Cardio Thoracic 
Surgery, and 3Dept. Internal Medicine;  Radboud Institute 
for Molecular Life Sciences and Radboud Institute for Health 
Sciences,  Radboudumc, Nijmegen, The Netherlands.

Atherosclerosis is the leading cause of mortality worldwide. 
Epidemiological studies associate elevated serum uric acid 
levels with endothelial dysfunction and cardiovascular disease. 
It is uncertain whether this is a risk factor or risk marker for 
this disease. We hypothesize that uptake of circulating uric 
acid into endothelial cells causes endothelial dysfunction 
with  atherosclerosis as a consequence and that this process of 

expression of urate transporters in endothelial cells has not been 
systematically studied. 

Aims
We explored mRNA expression of known urate transporters in 
human endothelial cells from umbilical vein and aorta.

Methods
Human umbilical vein endothelial cells (HUVEC) were 
isolated and cultured, and a protocol was optimized to isolate 
human aortic endothelial cells (HAEC) from material that was 
obtained during aortic surgery. The gene transcription of uric 
acid transporters (OAT1; SLC22A6, OAT3; SLC22A8, OAT4; 
SLC22A11, GLUT9; SLC2A9, MRP4; ABCC4, BCRP; ABCG2, 
URAT1; SLC22A12) was determined after mRNA isolation, 
reverse transcriptase polymerase chain reaction (RT-PCR) and 
quantitative PCR (qPCR), using GAPDH as a reference gene. 

Results / Conclusions
The urate transporter genes SLC2A9, ABCC4 and ABCG2 
were expressed in both HUVEC (N=6 donors) and HAEC (N=3 
donors). SLC22A6, SLC22A8, SLC22A11, and SLC22A12 were 
not detected in HUVEC or HAEC. . SLC2A9 and ABCC4 were 

Uric acid transporter genes are expressed in both HUVEC and 
HAEC. This novel observation suggests the involvement of these 
urate transporters in the cellular uptake of uric acid in blood 
vessels. Future studies should elucidate the role of this gene 
expression in uric acid transport and endothelial urate toxicity, 
how this urate transport can be modulated by physiological (i.e. 
shear stress) and pharmacological (i.e. Febuxostat or Allopurinol) 
interventions and how this contributes to the development of 
atherosclerosis. 

ABS-58221797

at the cardiomyocyte plasmalemma

N. Musheshe1,2, N.C. Surdo2, M. Schmidt1,3, M. Zaccolo2

1Department of Molecular Pharmacology, University of 
Groningen, The Netherlands, 2Department of Physiology, 
Anatomy and Genetics, University of Oxford, Oxford, UK, 
3Groningen Research Institute for Asthma and COPD, GRIAC, 
University Medical Center Groningen, University of Groningen, 
Groningen, The Netherlands
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In the heart cyclic AMP-dependent Protein Kinase A (PKA) 
mediates the catecholaminergic control over the force and 
frequency of cardiac contraction via phosphorylation of proteins 
that are involved in excitation-contraction coupling (ECC). 
As part of the ECC machinery, catecholamine dependent 
activation of PKA leads to phosphorylation of the L-type Ca2+ 
channels (LTCC) resulting in increased systolic Ca2+. PKA 
also phosphorylates phospholemman (PLM), a regulator of 
the cardiac Na+/K+ ATPase (NKA), which leads to decreased 
systolic Ca2+ content. Thus, PKA activation appears to mediate 
opposing effects on intracellular Ca2+ levels and how cAMP/
PKA signaling is coordinated at these two sites remains unclear.

Aims
The aim of this study was to investigate cAMP/PKA signaling at 
the A Kinase Anchoring Protein 79(AKAP79)/150 which binds 
PKA that phosphorylates LTCC and at the PLM/NKA complex 
and determine whether the two sites are under distinct cAMP 
pools which could explain the resulting opposing effects on Ca2+ 

Methods
Selectively targeted FRET-based sensors for cAMP (CUTie) 
and PKA-dependent phosphorylation (AKAR4) were used 
for the detection of cAMP amplitudes and PKA activity 
respectively at PLM/NKA and AKAP79/LTCC nanodomains 
at the plasmalemma. This allowed for the direct comparison of 
cAMP levels, PKA and phosphatase activity in real time with 
high spatial and temporal resolution at the two sites. Experiments 
were conducted in rat ventricular myocytes.

Results and Conclusions
A heterogeneous cAMP response was observed at the two 

AKAP79/LTCC. We demonstrated that this differential local 
regulation of cAMP response is due to PDEs which degrade 
cAMP and contain its increase at PLM/NKA. We found that 
PDE2 and PDE8 play a major role in selectively shielding the 
PLM/NKA complex from cAMP generated on activation of 

the amplitude of the cAMP response to catecholamines at the 
AKAP79/LTCC and PLM/NKA complexes, we found that the 
PKA-dependent phosphorylation of local targets is similar at the 
two sites and this apparent discrepancy is explained by a more 
robust phosphatase activity at AKAP79 compared to PLM. Our 

levels and phosphatase activity at these two plasmalemma sites 

plasmalemma relies on submicroscopic compartmentalization of 
cAMP/PKA signals. 

Importantly, our data points to the functional relevance of 
targeting PDE2, and PDE8 and phosphatases as a way to 
manipulate NKA activity in the treatment of heart disease. Our 

the area of heart failure.
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ABS-58638918
3D NephroScreen: high throughput drug-induced 
nephrotoxicity screening on a proximal tubule-on-a-chip 
model

L. Gijzen1, M.K. Vormann1, S. Hutter1, C. Ramakers1, J. 
Vriend2, S.J. Trietsch1, J. Joore1, M. Wilmer2, L. Suter-Dick3, R. 
Masereeuw4, P. Vulto1 & H.L. Lanz1

1MIMETAS BV, J.H. Oortweg 19, NL-2333CH Leiden, 
The Netherlands, info@mimetas.com, www.mimetas.com; 
2Department of Pharmacology and Toxicology, Radboud 
UMC, PO Box 9101, 6500HB, Nijmegen, The Netherlands; 
3University of Applied Sciences Northwestern Switzerland, 
Muttenz, Switzerland; 4 Div. Pharmacology, Utrecht Institute for 
Pharmaceutical Sciences, Utrecht, The Netherlands.

Renal toxicity remains a major issue in clinical trials, and stresses 

early drug development1. Here, we describe a perfused, leak-
tight renal proximal tubule cell (RPTEC) model cultured within a 

®)2, 
along with recent results from a 12-compound nephrotoxicity 
screen performed within the “NephroTube” CRACK IT 
consortium in collaboration with sponsors and the NC3Rs. 

Human RPTEC (SA7K clone, Sigma) were grown against a 
collagen I ECM in a 3-channel OrganoPlate®, yielding access 
to both the apical and basal side. Drug-induced toxicity was 
assessed by exposing kidney tubules to 4 benchmark and 8 
blinded compounds with known clinical effects supplied by 
the sponsors for 24 and 48h. The tightness of the barrier was 
evaluated by diffusion of a dextran dye from apical to basal 
compartment. Parallel to this, cell viability with a WST-8 assay 
and the presence of LDH in the supernatant were assessed. 
Finally, kidney tubules were lysed, and RNA was extracted for 
gene expression analysis of acute kidney injury markers. 

structures against the collagen I ECM in the OrganoPlate®. The 

cell viability in 7 out of 12 compounds. Furthermore, the release 

in 9, 5 and 7 out of 12 compounds respectively whereas claudin-2 
showed a decrease in 6 out the 12. Overall, more effects were 
observed after 48h in comparison to 24h exposure. 

Figure 1. A) The 3-lane OrganoPlate® platform with 40 

microtiter plate. B) Schematic overview of RPTC cells cultured 
against a collagen I ECM in a 3-lane OrganoPlate® yielding 
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access to both apical and basolateral side. C) Phase-contrast 
image of RPTC cultured in the top channel of the OrganoPlate® 
at day 7. 
The kidney-on-a-chip model in the OrganoPlate® provides 
a promising in vitro renal toxicity tool to answer the desire 
to provide a better alternative to animal studies in terms of 
throughput, costs and predictivity and ultimately will be 
commercialised after further validation.

References
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ABS-59072192
Challenges in Commercial Advanced Therapy Development 
in Europe 

Renske M.T. ten Ham1, Jarno Hoekman1,2, Anke M. Hövels1, 
Andre W. Broekmans3, Hubert G.M. Leufkens1,3, Olaf H. 
Klungel1

1Division of Pharmacoepidemiology and Clinical Pharmacology, 
Utrecht Institute for Pharmaceutical Sciences (UIPS), 
Utrecht University, Universiteitsweg 99, 3584 CG, Utrecht, 
The Netherlands. 2Innovation Studies, Copernicus Institute 
of Sustainable Development, Utrecht University. 3Lygature, 
Utrecht, The Netherlands.

Advanced Therapy Medicinal Products (ATMPs) are a group of 
emerging innovative therapies covering gene therapies, tissue 
engineered products somatic and cell therapies, including CAR 
T Cells. ATMPs hold promise as treatments for previously 
untreatable and high burden diseases. Despite considerable 

authorization applications were approved in Europe so far, 
currently six products are available for patients on the EU market. 

Aims

by companies developing ATMPs and to asses factors associated 
by developers with successful market authorization and 
commercialisation. 

Methods
We conducted a cohort study amongst commercial ATMP 
developers in Europe with at least one product in clinical 
development stage. Via an online survey we collected challenges 
and developer and product characteristics. These challenges 
were grouped in domains and themes, scored by occurrence and 
analysed descriptively. 

We also conducted semi-structured interviews amongst 22 
company representatives. Company market authorization and 
commercialisation actions, strategies, and experiences were 
questioned, as well as how was dealt with the encountered 
challenges described in the cohort study survey. The study 
sample differed in: ATMP type, development stage, and company 
size. Interviews were recorded, transcribed and coded. Recurring 

Results/Conclusions
The cohort consisted out of 271 ATMP developers (response 
rate 38%). Of products in development 59% were cell-based 
therapies and 72% was still in early clinical development. Most 
developers were small, medium-sized enterprises (65%). In total, 

manufacturing (15%) and clinical trial design (8%). 
Combining survey and interview results, it seems the European 

set of developers is developing highly innovative and diverse 
products. Achieving successful ATMP market authorisation and 
commercialising requires more planning and specialised skills 
compared to more traditional pharmaceutical development. 
Additional to uncertainty in development of novel products, 
uncertainty is also added by high representation of SMEs, Orphan 

might accelerate European ATMP development. This study can 
be used as a baseline measure. It is important to follow the cohort 
as they advance towards market authorisation and continue post-
authorisation.
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Medicinal Chemistry - AM
ABS-58596342
Design and synthesis of a multivalent catch-and-release 
enzyme inhibitor to measure coagulation factor XIa in blood 
circulation.

S.H.E. van der Beelen, D. Suylen, H. Spronk, R. van Oerle, T.M. 
Hackeng.
Dept. of Biochemistry, Faculty of Health Medicine and Life 
sciences, CARIM Maastricht, The Netherlands.

Reduced in vivo levels of FXI have been associated with a 
lower thrombosis risk while interestingly at the same time 
do not lead to an increased bleeding risk. For this reason, the 

It is, however, not known if increased FXIa levels lead to a 
higher risk on thrombosis.1 Previous studies were focused on the 

complexes via sandwich ELISA’s.2 However, detected levels of 
FXIa by this assay were outside of the physiological range due 
to contact activation with blood drawing, and thus an improved 

Aims
The development of an assay to directly measure the amount 
of FXIa present in blood by isolation of circulating FXIa 
homodimer by complexation with a multimeric form of natural 
FXIa inhibitor Fasxiator from the banded krait snake (Bugarus 
Fasciatus). 3 Upon isolation, the multimeric complex is disrupted 

coagulation system.

Methods

using tBoc-solid phase peptide synthesis protocols in two parts, 
subsequently ligated using native chemical ligation (NCL) and 

formation of Fasxiator with avidin. In a proof of concept study 
desbiotin-Fasxiator was coupled to avidin and subsequently used 
to inhibit FXIa. To subsequently release FXIa, the multivalent 
enzyme-inhibitor complex was incubated with biotin. To study 
the kinetic parameters of FXIa inhibition, Lineweaver Burk plots 
were made and Biacore assays were performed.

Results/ Conclusion
The Lineweaver Burk plot showed competitive inhibition of 
FXIa by the monomeric-Fasxiator with a Ki of 1 nM, which was 
10-fold decreased to 0.1 nM by tetramerization through avidin 
coupling. Subsequently, disruption of the tetrameric Fasxiator-
FXIa complex lead to maximal dissociation of FXIa and regain of 

to FXIa and the dissociation of FXIa when desired, makes the so 
designed “Catch and Release” system a promising approach to 
measure FXIa in plasma.
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ABS-57981473
Functionalization of tumour-targeting antibodies via 
enzymatic oxidation of tyrosine to 1,2-quinones

Jorick J Bruins, Bauke Albada, Floris van Delft
Laboratory of Organic Chemistry Wageningen University and 
Research, Stippeneng 4, 6708 WE Wageningen, The Netherlands

Antibodies have been utilized for treatment of cancers and other 
diseases in either its native form (e.g. AstraZeneca’s Fasenra and 

rapid, site-selective and high-yielding conjugation by oxidizing 
tyrosine residues expressed at the termini of antibodies.[1] 

By exposing tyrosine residues via a tetra-glycyltyrosine (G4Y) tag, 
they become prone to selective enzymatic oxidation by mushroom 
tyrosinase, which converts the phenol moiety to a quinone. 
The quinone can perform rapid strain-promoted oxidation-
controlled cyclooctyne-1,2-quinone cycloaddition (SPOCQ) 
with bicyclo[6.1.0]nonyne (BCN),[1a, 2] or cyclopropanated trans-
cyclooctene (cpTCO),[1c] resulting in a stable conjugation of a 
selected probe to an antibody with yields of over 95%.

This method was applied to prepare i.e. antibody-drug conjugates 

to bi-functionalize antibodies with immunologically relevant 
proteins such as interleukins, cytotoxic agents and others. 

[1] a) J. J. Bruins, A. H. Westphal, B. Albada, K. Wagner, L. Bartels, H. Spits, 
W. J. H. van Berkel, F. L. van Delft, Bioconjugate Chem. 2017, 28, 1189-
1193; b) J. J. Bruins, B. Albada, F. L. van Delft, Chem.Eur.J. 2018, 24, 
4749 –4756; c) J. J. Bruins, D. Blanco-Ania, V. van der Doef, B. Albada, 
F. L. van Delft, doi: 10.1039/C8CC02638F

[2] a) A. Borrmann, O. Fatunsin, J. Dommerholt, A. M. Jonker, D. W. Lowik, 
J. C. van Hest, F. L. van Delft, Bioconjugate Chem. 2015, 26, 257-261; 

 b) J. Dommerholt, S. Schmidt, R. Temming, L. J. Hendriks, F. P. Rutjes, 
J. C. van Hest, D. J. Lefeber, P. Friedl, F. L. van Delft, Angew. Chem. Int. 
Ed. 2010, 49, 9422-9425.

ABS-59490500
Characterization of novel ENT1 inhibitors;

A. Vlachodimou, J. Bouma, L.H. Heitman, A.P. IJzerman
Division Drug Discovery and Safety, LACDR, Leiden University, 
The Netherlands

Background and purpose
Many potential drugs showing promising in vitro results fail 
during in vivo experiments or are withdrawn from clinical 

between the two types of experiments that leads to loss of time 
and resources. The concept of receptor-ligand binding kinetics, 
i.e. the ligand association and dissociation to and from its target 
over time, has emerged as an approach to bridge this gap. For 

complemented with a new one that accentuates ligand-receptor 
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Medicinal Chemistry - AM
residence time (RT), i.e. the duration that a ligand stays in 
complex with its target. 

Equilibrative Nucleoside Transporter-1 (ENT1) is the most 
abundant nucleoside transport protein and mediates the facilitative 
diffusion of nucleosides across the cell membranes. Inhibition 
of ENT1 has been proposed for the treatment of ischemic heart 

treatment in cancer therapy. 

binding kinetics of various ENT1 inhibitors. By obtaining insight 

(SKR), the drug discovery on ENT1 inhibitors could be advanced. 

Experimental approach
A library of compounds targeting ENT1 was obtained by Janssen 
Pharmaceutics. A radioligand displacement assay was developed 
and optimized for the human ENT1 using the radiolabeled 

In addition, a radioligand competition association assay was 
developed to determine binding kinetics. 

Results

sharing a common scaffold were determined. Interestingly, the 
ligands showed a wide range of RT (1 – 88 min), while the 

molar. The results obtained from the competition association 
assay were validated with a wash-out experiment. 

Conclusions
Our research is aimed at new drugs targeting the ENT1 
transporter, by incorporating kinetic binding parameters next to 

ABS-58307612
DRUG DISCOVERY AT THE SPEED OF SOUND 
 
S. Shaabani1, Y. Wang1, M. Ahmadian Moghaddam1, L. Gao1, 
R. Xu1, M. Stahorsky1, K. Gao1, C. Neochoritis2, T. Zarganes-
Tzitzikas2, J. Olechno3, R. Ellson3, M. Groves1, A. Dömling1 
1Department of Drug Design, University of Groningen, 
A. Deusinglaan 1, 9713 AV, Groningen, The Netherlands, 
s.shaabani@rug.nl; 2Telesis Pharma BV, Groningen, The 
Netherlands; 3LABCYTE INC., 170 Rose Orchard Way, San 
Jose, California 95134, USA

Aims
A blockbuster drug generates > $ 1 billion revenues per year. 
Each day not on the market corresponds to a loss of > $ 2.7 
million. Multiple benchmark reports suggest development costs 
of drugs are skyrocketing while the introduction of novel drugs 
is decreasing or at best stagnating. Part of the problems can be 
attributed to the preclinical drug discovery and development 
involving expensive high throughput screening (HTS) and hit-to-
lead campaigns using mostly traditional technologies.
Here, we introduce a fundamentally novel approach towards 
preclinical drug discovery and development by blending Instant 

intelligence.

Methods / Results / Conclusions
Acoustic droplet ejection (ADE) technology allows for the fast, 
contact-less and accurate transfer of very small droplets (nL) 
from plate to plate of different high density formats. ADE has 
had a dramatic impact in different technology areas, including 

drug discovery, cancer research and genomic research and is 
used in many laboratories world-wide. However, ADE has 
never been used in miniaturization and acceleration of library 
synthesis for uHT to dramatically accelerate the preclinical drug 
discovery cycle. Instant Chemistry (MCR) is suitable to create 
very large libraries of small molecules and unusual scaffolds, 
such as macrocycles.[1-2] A prototype instrumentation platform 
is developed which allows for the parallel synthesis of hundreds 
of libraries of scaffolds on an unprecedented dense format. 
The platform is integrated with acoustic-MS and UPLC-MS 
for quality control and different biophysical and phenotypical 

intelligence is developed to ensure never-seen-before fast cycle 
times for hit-2-lead progression optimizing against multiple 
parameters at the same time. 
We applied speed of sound technology successfully to different 
protein-protein interactions (menin-MLL, p53-MDM2 and IL17) 
and enzymes (phosphatases, caspases).

References
[1]  A. Dömling, W. Wang, K. Wang, Chem. Rev. 2012, 112, 3083-3135. 
[2]  R. Madharvachary et al., Angew. Chem. Intl. Ed. Engl. 2017, 56, 10725-

10729.
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ABS-58576741
Circulating tumor cells and driver mutation analysis in 

suspected leptomeningeal metastasis

M.T.J. van Bussel1,2, D. Pluim1, B. Milojkovic Kerklaan1,2, M. 
Bol3, T.C. Linders4, D. van den Broek4, J.H. Beijnen1,2,5, J.H.M. 
Schellens1,2,5, D. Brandsma6

1Div. of Pharmacology, 2Clinical Pharmacology, 3Div. of 
Pathology, 4Dep. of Clinical Chemistry, The Netherlands 
Cancer Institute, Amsterdam, The Netherlands, 5Science faculty, 
Pharmaceutical Sciences, Div. of Pharmaco-epidemiology and 
Clinical Pharmacology, University of Utrecht, Utrecht, The 
Netherlands, 6Dep. of Neuro-oncology, The Netherlands Cancer 
Institute, Amsterdam, The Netherlands.
 
Circulating tumor cells and driver mutation analysis in 

suspected leptomeningeal metastasis

Introduction

leptomeningeal metastases (LM). Diagnosis of LM can be based 
on clinical symptoms and typical contrast enhancement of the 
leptomeninges on MRI brain and/or spine. However, MRI has a 

LM. When MRI is normal or results are inconclusive, a lumbar 

increasing to 84-91% upon second sampling. To improve CSF 
diagnostics, enumeration of Circulating Tumor Cells (CTC) 

selected driver mutations Droplet Digital PCR (ddPCR) can be 
used.

Aim

tumors with suspected LM. To explore the distribution of driver 
mutations in cell free CSF and isolated CTCs from CSF.

Methods
We developed an epithelial cell adhesion molecule (EpCAM)- 

We tested the performance of this assay versus CSF cytology in 
CSF in a prospective study in patients with solid tumors with a 

of the cohort we analyzed the primary tumor, plasma, cell free 
CSF and CTC isolated from CSF for selected driver mutations 
by ddPCR.

Results

(84-100). At a cut-off value of >1 CTC/ml the CTC assay had a 

We detected driver mutations in the primary tumor, plasma, 
cell free CSF and isolated CTCs from CSF. CTCs isolated from 
CSF were positive for the driver mutation in patients with LM 
from a tumor with known driver mutation, while simultaneously 
analyzed leukocytes were wild-type positive and negative for the 
driver mutation. At Figon 2018 updated results will be presented.

Conclusion

CTC in CSF in patients with LM with a negative cytology. 
ddPCR can be used to determine the driver mutation in cell-free 
CSF and isolated CTCs from CSF.

ABS-59075067

AR pre-mRNA, for treatment of castration-resistant prostate 
cancer.

O. Paulino da Silva Filho1,3, V. Luna Velez2, G. Verhaegh2, J.A. 
Schalken2, R. Brock1

1Dept. of Biochemistry, 2Dept. of Urology, Radboud Institute for 
Molecular Life Sciences (RIMLS), Radboud university medical 
center, Nijmegen, The Netherlands. 2CAPES Foundation, 
Ministry of Education of Brazil, Brasília, Brazil.

Introduction
Although most subjects suffering from metastatic prostate cancer 
(PC) respond to initial androgen deprivation therapy (ADT), 
virtually all patients relapse with a more aggressive form of 
cancer, termed castration-resistant prostate cancer (CRPC). In 
regular conditions, prostate cancer growth and transformation 
are controlled by (dihydro)testosterone activation via the ligand-
binding domain region of the androgen receptor (AR). To evade 
ADT, CRPC cells express androgen receptor splice variants 
(AR-Vs) that lack the androgen binding region. The alternatively 
spliced receptor does not require androgen activation to 
translocate from the cytoplasm into the nucleus, leading to 
continuous stimulation of cell cycle progression. Among the 
variants of the androgen receptor, AR-V7 is one with clinical 
relevance and remains refractory to current therapies. To reduce 
the expression of this variant, splicing of the AR pre-mRNA 
into AR-V7 can be prevented using antisense oligonucleotides 
(AONs). Despite the potential of AON-based therapies, the 

penetration require local administration and high doses to reach 
an effective concentration in the target tissue. To overcome 
these hurdles, appropriate carriers are required. Cell-penetrating 
peptides (CPPs) are a potential delivery system as they improve 
stability and mediate intracellular delivery. 

Aims
In this study, we aimed to identify CPPs that promote AON 
internalization in different prostate cancer cell lines. Based on 
a full-factorial design, incorporating incubation time, AON 
concentration and CPP/AON (N/P) ratio as relevant variables, we 
evaluated the toxicity and effectivity of CPP-based formulations 
of a splice-correcting AON against AR pre-mRNA in VCaP 
cells. The most active CPP was then compared against a standard 
transfection reagent. 

Methods
VCaP cells were cultured in charcoal-stripped serum before AON 
treatment. The size of CPP/AON polyplexes was determined via 

microscopy. Cell viability and RNA levels were determined 
using CellTiter-Glo luminescent cell viability assay and RT-
qPCR, using transcript levels of HP1BP3 for normalization. 

Results / Conclusions
The amphipathic and stearylated CPP Pepfect14 (PF14) 
outperformed arginine-rich CPPs in terms of uptake and activity. 
Through adjustment of formulation parameters, concentration 
and incubation time, an optimal balance between carrier-
mediated toxicity and activity was found. Expression of AR-
V7 was reduced when cells were incubated for 30 min at an 
oligonucleotide concentration of 0.35 μM. The peptide-based 
delivery thus constitutes a basis for further improvement, for 
example through incorporation of targeting functionalities.
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ABS-59094976
Imaging of click-enabled ruthenium complexes for 
photoactivated chemotherapy

A. Busemann1, M.C. Araman2, S.I. van Kasteren2, and S. Bonnet1

1Metals in Catalysis, Biomimetics & Inorganic Materials, 
Leiden Institute of Chemistry, Leiden University, Leiden, The 
Netherlands; 2Leiden Institute of Chemistry and The Institute 
for Chemical Immunology, Leiden University, Leiden, the 
Netherlands

In photoactivated chemotherapy (PACT), a biologically active 
compound is caged by a light-cleavable protecting group. Spatial 
and time controlled light irradiation leads to the release of the 
active species which can then interact with the cell environment 
to induce cell death. In recent years, ruthenium polypyridyl 
complexes have proved to be promising candidates for PACT.1 
To obtain more insight in the mode of action of these potential 
anticancer complexes, we want to explore their intracellular 
distribution and determine some of their biological target(s). 
However, the complexes are non-emissive and therefore 

visualization of the complex derivative within the cell, but the 

cytotoxicity.

Aim
In this study we aimed to visualize our ruthenium polypyridyl 

treatment. In this way, we maintain the biological activity of the 
complexes and get a more realistic insight in their intracellular 
distribution and possible binding targets.

Method
We synthesized ruthenium polypyridyl complexes with an 
alkyne click handle that can act as PACT agents (stable in the 

Fluor 647 azide was attached to the alkyne-functionalized 
ruthenium complex by Cu-catalyzed azide alkyne cycloaddition 

Albumin (BSA) as model target. The ruthenium complex was 

inverted microscopy.

Results/ Conclusion
The ruthenium complex with alkyne click handle that we 
designed and successfully synthesized proved to interact under 
physiological conditions with BSA upon light irradiation (PACT-
based) and the click reaction for visualization of the complex 
is working on this model target. The respective experiments in 
living cells revealed the intracellular distribution of the complex. 
In contrast to the general idea that chemotherapeutic agents, like 
cisplatin, induce cell death via the interaction with DNA, our 
activated ruthenium complex accumulates outside the nucleus. A 

the EC50 concentration of the complex. We therefore conclude 
a different mode of action. The precise location of the ruthenium 
complex in the cell is further investigated by co-staining of the 
cell compartments (mitochondria and lysosomes). 

1 Bonnet, 2018, Dalton Trans. ,47, 10330-10343 

ABS-59065666
Preclinical requirements for anticancer drugs in the EU

F. Scarpisi, V. Gonzales, A. Zwiers
Zwiers Regulatory Consultancy, Oss, The Netherlands

Several ICH guidelines impact the preclinical requirements 
of anticancer drugs for the initial marketing authorisation 
application. In case of drugs for advanced cancer the ICH 
S9 allows less preclinical studies compared to the standard 
development. Several anticancer drugs are biotechnology-
derived. Requirements for these products are provided in ICH 
S6 provides. 

Aim 
To identify which preclinical studies (safety pharmacology 
and toxicology) were conducted between 2010 and 2017 for 
anticancer drugs and to evaluate whether the applicants followed  
ICH S6 and S9.
 
Methods
The EMA website was searched for all oncology drugs approved 
in ‘Human medicines’ that were authorised from 2010 to 2017. 
The EU Public Assessment Reports (EPAR) of these drugs were 
checked for the preclinical studies that were performed, i.e., 
safety pharmacology, single dose and repeated dose toxicity, 
genotoxicity, reproductive toxicology and carcinogenicity.  
divided distinction was made between biotechnology- (biotech) 
or chemical-derived (small molecule) drugs. The products were 
further divided into two separate groups: non-advanced cancer 

the terminology advanced, metastatic or both were used in the 

ovarian or prostate cancer) were excluded from the analyses of 
reproduction toxicity studies.

Results / Conclusion
For small molecules 35 drugs were approved (15 for non-
advanced cancer and 20 for advanced cancer). For biotechnology-
derived 18 drugs were approved (10 products for non-advanced 
cancer and 8 products for advanced cancer). 

For small molecules indicated for advanced or non-advanced 
cancers most applicants conducted single dose and repeated dose 
toxicity, genotoxicity and safety pharmacology studies (for most 
of the studies >90%). No relevant differences were seen between 
the advanced and non-advanced cancer groups. According to 
the ICH S9 guideline most of the standard studies need to be 
conducted and this was also the case. For biotech drugs the 
percentages in non-advanced and advanced cancer for the same 
type of studies were varying. Genotoxicity was only conducted in 
non-advanced cancers (30%). Single dose toxicity was conducted 
50% and repeated dose toxicity was conducted >85% in both 
advanced and non-advanced cancers. It can be concluded that 
companies followed mainly the ICHS6 guideline for advanced 
cancer indications, which allow a case by case approach for 
biotech products. As a note, carcinogenicity studies were only 
conducted for 6 drugs (both small molecules and biotech).

For reproduction toxicity the ICH S9 guideline indicates that 
for advanced cancer an embryo-foetal toxicity study is required, 
while fertility and pre/post-natal toxicity studies are not required. 
For reproductive toxicity differences were observed between the 
group of advanced versus non-advanced cancers (see Table 1) 
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Table 1 Reproductive toxicity studies for non-advances and 
advanced cancer drugs

For small molecules, embryo-foetal studies, required per ICH 
S9, were conducted for respectively 87% of the non-advanced 
and 55% of the advanced cancers. For advanced cancer drugs 
fertility and pre- and post-natal studies are not required per ICH 
S9. However, these studies were still conducted frequently (20% 
and 45%). A reason for this might be that companies plan to 
further develop the drug for a non-advanced cancer indication. 
Interesting enough, for non-advanced cancer, pre and post-natal 
studies were frequently not conducted, which suggest that for this 
group ICH S9 can sometimes be applied. For biotech products 
the frequency of reproduction toxicity studies was low, which 
is in line with the recommendations/ case by case approach 
mentioned in the ICH S6. 

Overall, companies seem to apply ICH S6 for the biotech drugs. 
For small molecules, ICH S9 was followed for most type of 
studies, with some deviations for reproduction toxicity studies. 
Our study presents interesting data on the actual frequencies 
in which studies were conducted for the different groups of 
anticancer drugs. This information can be useful in helping 
companies to design their preclinical development plan. 

ABS-59095785
A human placental villous explant model to study the toxicity 
of drugs

Hedwig van Hove1, Gaby Eliesen1, Petra van den Broek1, Jeanne 
Pertijs1, Frans Russel1, Joris van Drongelen2, Rick Greupink1

1Department of Pharmacology & Toxicology and 2Department of 
Obstetrics and Gynaecology, Radboud university medical center, 
Nijmegen, The Netherlands

Interference of drugs with placental function may contribute 
to adverse pregnancy outcomes. To better understand the 
toxicological potential of drugs on the human placenta, we set up 
a human placental villous explant model and studied the effect 
of several tyrosine kinase inhibitors and known cytotoxic agents 
used during pregnancy.

Samples of placental villous tissue were excised within 60 
minutes after delivery and cultured at 37°C, 5% CO2. Incubation 
with drugs was performed from day 3 of culture onwards. Effects 
of crizotinib, sunitinib, imatinib, doxorubicin, carboplatin, 
placlitaxel, cisplatin and tofacitinib were measured after 72 hours 
of incubation. Viability was assessed via  MTT and LDH assays. 
Progesterone and estrone secretion into the culture medium were 
measured via LC-MS/MS. 

Explants demonstrated stable LDH excretion between day 3 
(2.6+0.7 mIU/mg wet weight/24h) and 7 (2.0+0.4 mIU/mg 

with the results from MTT assays. Estrone and progesterone 

compounds reduced explant viability with different potencies. 
Doxorubicin was the most potent inhibitor, reducing viability by 
65±14%, already at 10 μM. In contrast, paclitaxel and carboplatin 

μM. Reductions in cell viability appeared to be paralleled by a 
decrease in progesterone excretion into the medium. 

In conclusion, we found that it is feasible to establish cultures of 
placental villous explants and measure adverse effects of drugs in 
this system, suggesting this is a promising model for translational 
placental toxicity testing.

Key words
placenta, pharmaceutical toxicology, pregnancy, alternatives to 
animal testing

ABS-59095367
Adverse drug reactions in pediatric patients: are we doing 
the right thing?

A.T.M. Dittrich, J.M.Th. Draaisma, D.M.W.M. te Loo

Drug safety, and as a consequence patient safety, are very 
essential health care aspects. Knowledge of possible adverse 
events that can occur in patients is necessary to prevent patients 
from getting harmed. In the Netherlands, reporting adverse drug 
events is voluntary. We expect the number of reported ADR’s 
to be an underestimation of the real number. To investigate the 
size of this underestimation, we performed a pilot study at our 
University Hospital. 

Aims
To determine the amount of adverse drug reactions recognized 
and reported by the clinical physicians, compared to the amount 
of ‘missed’ or not reported ADR’s. 

Methods
All patients administered to the medium care wards during 1 
month were studied retrospectively by two independent doctors, 

physicians, and subsequently looked for ‘not reported’ ADR’s. 
By that we mean possible ADR’s based on the symptoms in the 
patients reports and the laboratory investigations in combination 
with the drugs patients were using, and not reported by the 
clinical physicians. All ADR’s found were categorized by 
severity according to the Common Terminology Criteria for 
Adverse Events (CTCAE) scale. 

Results / Conclusions
A total of 315 children were hospitalized on one of the medium 
care wards in June 2016, 26% of them suffered from one or more 
adverse drug reactions. In total 133 (possible) ADR’s were found, 
of which 74 (56%) were not reported by clinical physicians, but 
detected by the researchers. 94 ADR’s are grade 1 (mild), 36 
ADR’s grade 2 (moderate), and 3 ADR’s grade 3 (severe). None 
of the ADR’s was reported at Lareb.
Reporting (severe) adverse drug reactions is the key factor for 
improving our knowledge about drugs in children. This improves 
drug safety and with that, patient safety. Based on the data of 
our pilot study, we think that it is essential to improve ADR 
recognition and reporting in our country by introducing an active 
reporting pharmacovigilance system.

ABS-58480795
Setting the stage for model-informed dosing of intravenous 
paracetamol in robust older people using population 
pharmacokinetic modelling.

P. Mian1*, M.J. van Esdonk2,3, K.T. Olkkola4, B.C.M. de Winter5, 
A. Liukas6, I. Spriet7, D. Tibboel1, M. Petrovic8, B.C.P. Koch5, K. 
Allegaert1,9.10

1Intensive Care and Department of Paediatric Surgery, Erasmus 
MC Sophia Children’s Hospital, Rotterdam, The Netherlands. 
2Division of Systems Biomedicine and Pharmacology, Leiden 
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Hospital Pharmacy, Erasmus MC, Rotterdam, The Netherlands. 
6Department of Anaesthesiology, Turku University Hospital, 
Turku, Finland. 7Clinical Pharmacology and Pharmacotherapy, 
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MC Sophia Children’s Hospital, Rotterdam, The Netherlands

Introduction
Paracetamol is the analgesic most used by older people. The 

pharmacokinetics (PK) of paracetamol and its variability. We 
performed a population PK-analysis to describe the PK of 
intravenous (IV) paracetamol in robust older people. Simulations 
were performed to illustrate target attainment and variability of 
paracetamol exposure following currently used dosing regimens 
(1000 mg q6h, q8h) using steady-state concentration (Css-mean) 
of 10 mg/L as target for effective analgesia. 

Methods
A population PK-analysis, using NONMEM 7.2, was performed 
based on 601 concentrations of paracetamol from 30 robust older 
people (median age 77.3 years, range [61.8-88.5], body weight 
79 kg [60-107]). All had received an IV paracetamol dose of 
1000 mg (over 15 minutes) after elective knee surgery. 

Results
A 2-compartment PK-model best described the data. Volume 
of distribution of paracetamol increased exponentially with 

Simulations of the standardized dosing regimens resulted in 
a Css of 9.2 mg/L and 7.2 mg/L, for q6h and q8h respectively. 
Variability in paracetamol PK resulted in Css above 5.4 and 4.1 
mg/L, respectively, in 90% of the population and above 15.5 and 
11.7, respectively, in 10% at these dosing regimens.

Conclusions
On average, the target concentration was achieved with 1000 
mg q6h, while q8h resulted in underdosing for the majority of 
the population. Furthermore, due to a large (unexplained) inter-
individual variability in paracetamol PK a relevant proportion of 
the robust older people remained either under- or over exposed. 

ABS-58786785
Under-representation of elderly in clinical trials - an analysis 
of the approval documents in the FDA database 

Rikje Ruiter1,2, Jacobus Burggraaf1,2,3, Robert Rissmann1,2,3

1Centre for Human Drug Research, 2Leiden University Medical 
Centre, 3Leiden Academic Center for Drug Research, Leiden, the 
Netherlands.

Introduction
Under-representation of elderly in clinical trials has been 
described earlier, thereby challenging the external validity of 

differences in the elderly may give rise to differences in safety 

clinical trials of medical substances.

Aim
to evaluate the availability of pharmacokinetic, safety and 

authorization of the most frequently prescribed drug classes in 
the past years. 

Methods
a cross-sectional, structured review of publicly available 
registration dossiers of Federal Drug Administration (FDA) 
approved drugs, that are prescribed on-label for the ten most 
frequently prescribed drug classes was performed. Furthermore, 
we analyzed drugs with known pharmacokinetic differences 
in the elderly, or drugs which are relatively contra-indicated in 
elderly (e.g. anticholinergics or benzodiazepines).

Results 
In total, 1,129 unique active pharmaceutical ingredients were 
found eligible for the analyses, of these, 506 were found in the 
FDA database (45%). For 182 drugs the approval documents 
were available. For the majority of the drugs, the initial 
approval documents in the database did show information on 
pharmacokinetics in elderly (n=113; 63%). Furthermore, over 
time, the availability of information with regard to elderly 

present, i.e. 43% and 45%, respectively and moreover, the 
availability of information did not improve over time.

Conclusion

trials. For the majority of the drugs, the initial approval 
documents did show information on pharmacokinetics in elderly, 

give priority to a study population that is representative for the 
target population. 
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ABS-59080688
Are some animal models more equal than others? A case 

 
1, G.S. Ferreira1, P.J.K. van Meer1,2, 

W.P.C. Boon3, C.C. Gispen-de Wied2, E.H.M. Moors3 and H. 
Schellekens1

1Utrecht Institute of Pharmaceutical Sciences, Department of 
pharmaceutics, Utrecht University, The Netherlands; 2Medicines 
Evaluation Board, Graadt van Roggenweg 500, 3531 AH, 
Utrecht, The Netherlands; 3Copernicus Institute of Sustainable 
Development, Innovation studies, Utrecht University, 
Heidelberglaan 2, 3584 CS, Utrecht, The Netherlands.

Public calls for transition towards animal free drug development 
are inevitable, mainly as a result of failure (51-66%) in general 
and even more (>90%) for Alzheimer’s disease models to 
translate animal model outcomes into clinically informative data 
[1-3]. This has led to the question whether animal models are still 

Aim
The aim of this study is to retrospectively evaluate clinical trial 
phase II or III and animal models with therapeutic interventions 
on cognitive outcomes for Alzheimer’s disease on their predictive 
value for clinical outcome. Data will be added to a public registry. 

Method
Binary evaluation of cognitive outcomes, as reported by the 
authors and available in the public domain, of drugs in phase 
II or III clinical trials and the corresponding animal models of 

analyzed for compliance to the ARRIVE guidelines [4] on 21 
different aspects.

Results / Conclusion
The included studies, published between 1990-2018, were 
all assessed by an animal ethical committee and results were 
published in peer-reviewed journals. Despite the introduction of 
reporting guidelines such as ARRIVE and PREPARE [5], none 
of the included studies were full compliant, with less than a 50% 
level of compliance within the individual studies Furthermore, 
both methods and interpretation of cognition within and between 
species is not harmonized, leading to sub-optimal datasets. The 
reporting of animal studies has therefore not improved and 
continues the cycle of poor reproducibility. As for the external 
validity, in models for Alzheimer’s disease cognitive impairment 
was induced in different species either spontaneously (e.g. aging or 
spontaneous mutation), experimentally (e.g. chemical, biological 

models). Within these domains 58 different animal models were 
reported: 9 spontaneous models, 32 experimentally induced 

were tested with more than 3 interventions and at least 2 drug 
classes: induced experimental models IE-rn-AlCl3 (aluminum 
chloride induced model in the rat) and IE-rn-STZ (streptozotocin 

mm-3xTgAD, GM-mm-APP/PS1, GM-mm-APP23 and GM-
mm-Tg2576 in (aged) mice with genetic alterations in different 

predictive value for the clinical outcome. The analysis thus far 
suggests that the experimentally induced models yield high false 
positive outcomes. This may be due to the fact that the induction 
of cognitive impairment is acute (direct administration into the 
brain) and treatment starting shortly thereafter. Analysis of the 
genetically induced models is less clear. This may be due to the 

which seems not the only factor involved in Alzheimer’s disease 
related cognitive decline.

Summarizing: for drug development we suggest GM-mm-
3xTgAD model as best and IE-rn-AlCl3, IE-rn-STZ and GM-
mm-APP23 as least predictive models.
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ABS-58639230
High-throughput 3D brain model of iPSC-derived 
neurons and glia for prediction of neurotoxicity and safety 
pharmacology

Chiwan Chiang, Karlijn J. Wilschut, Christian Ramakers, 
Arnaud Nicolas, Thomas Olivier, Henriëtte L. Lanz, Sebastiaan 
J. Trietsch, Jos Joore & Paul Vulto

Prediction of neurotoxicity remains challenging due to the lack 
of relevant human-based 3D in vitro models of the brain and 
rely heavily on ex vivo and in vivo animal testing. We show the 
application of a human in vitro 3D CNS models developed in the 
OrganoPlate® that can be used for risk assessment during drug 
discovery and development. 
The high-throughput OrganoPlate platform consists of 96 

iPSCs-derived neurons and astrocytes embedded in Matrigel 
with an adjacent easy accessible channel for medium perfusing 
and compound exposures. During long-term culturing, the 3D 
mature CNS cultures show the presence of both GABAergic and 
glutamatergic neurons with astrocytes observed by plate-based 

activity after one week of cell culturing. Modulation of the 
neuronal activity was achieved by exposure to GABA, as well 
as neurotoxicant Methylmercury. The seizurogenic predictivity 
was shown after 4-AP exposure resulting in increased bursting 
patterns. Together with the multiplexing of assays to determine 
mitochondrial membrane potentials and neuronal viability, and 
additional neurite integrity, this CNS platform allow us to study 
different classes of neurotoxicants. Using automated high content 
microscopy this functional 3D neuronal model can be applied to 

to better predict neurotoxicity and safety pharmacology, while 
additionally contributing to diminish the use of animal models. 

ABS-58027067
Development of novel HDAC inhibitors with improved 

 
Fangyuan Cao, Ronald van Merkerk, Petra E. Ettema, Frank 
Dekker*
Department of Chemical and Pharmaceutical Biology, 
Groningen Research Institute of Pharmacy (GRIP), University 
of Groningen, Antonius Deusinglaan 1, 9713 AV, Groningen, The 
Netherlands.
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Histone deacetylases (HDACs) are known to be epigenetic drug 
targets. HDAC inhibitors are used to treat cancer, and also have 

diseases. However, currently marketed HDAC inhibitors lack 
selectivity for the various HDAC isoenzymes. Several studies 
have shed more light on the role of HDAC isoenzymes in the 

isoenzyme selective HDAC inhibitors provides opportunities to 

Aims
We aim to develop novel HDAC inhibitors with improved 
selectivity among class I HDACs with improved anti-

Results / Conclusions
We designed and synthesized  HDAC inhibitors with variations 
in the ‘lid’ region and tested inhibition of these compounds 
for HDAC1,2 and 3. Differences in binding were explained by 
docking studies and revealed that small structural differences 
despite structural conservatism could be employed to gain 
differences in binding. Biological characterizations using a 
NF-kB reporter gene assay and QPCR indicated that HDAC 1 

References
1. Leus, N. G. J.; Van Der Wouden, P. E.; Van Den Bosch, T.; Hooghiemstra, W. T. 

R.; Ourailidou, M. E.; Kistemaker, L. E. M.; Bischoff, R.; Gosens, R.; Haisma, 
H. J.; Dekker, F. J. HDAC 3-selective inhibitor RGFP966 demonstrates anti-
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ABS-58712375
Nanobody-Fc constructs targeting chemokine receptor 
CXCR4 inhibit signaling, HIV-entry and induce antibody 
effector functions
 
Vladimir Bobkov1, Aurelien M. Zarca1*, Anneleen Van Hout2*, 
Marta Arimont1, Jordi Doijen2, 4, Magdalena Bialkowska3, Alex 
Klarenbeek1, Hans J. van der Vliet3, Tom Van Loy2, Dominique 
Schols2, Raimond Heukers1, Martine J. Smit1†

1Division of Medicinal Chemistry, Amsterdam Institute for 
Molecules Medicines and Systems (AIMMS), VU University 
Amsterdam, Amsterdam, The Netherlands, 2Laboratory of 
Virology and Chemotherapy, Rega Institute for Medical 
Research, KU Leuven, Leuven, Belgium, 3Department of Medical 
Oncology, VU University Medical Center and Cancer Center 
Amsterdam, Amsterdam, The Netherlands, 4Laboratory of 
Functional genomics & proteomics, Zoological Institute, KU 
Leuven, Leuven, Belgium.*, † equal contribution

Upregulation of the chemokine receptor CXCR4 contributes to 
the progression and metastasis of both solid and hematological 
malignancies, rendering this receptor an attractive therapeutic 
target. Nanobodies (Nb/VHH/sdAb), small single variable 
domains of heavy-chain only antibodies from camelids, have 
appeared to be ideal antibody-fragments for targeting a broad 
range of epitopes and cavities within GPCRs such as CXCR4. 
Compared to conventional antibodies, monovalent nanobodies 
show fast blood clearance and no effector functions. 

Aim

and to restore antibody-mediated effector functions, we have 
constructed bivalent nanobody Fc-fusion molecules (Nb-Fc) 
via fusion of Nbs targeting distinct epitopes on CXCR4 to an Fc 
domain of a human IgG1 antibody. 

Results / Conclusion

potency in CXCL12 displacement, inhibition of CXCL12-
induced signaling and CXCR4-mediated HIV entry. Moreover, 
Nb-Fc induced ADCC- and CDC-mediated cell-death of 
CXCR4-overexpressing CCRF-CEM leukemia cells and did not 
affect cells expressing low levels or no CXCR4. Therefore, these 
CXCR4 Nb-Fc constructs are potent molecules to therapeutically 
target CXCR4-overexpressing tumors.
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ABS-59079624
The value of real-world evidence in reimbursement decisions

B. Leeneman1, H.M. Blommestein1, M.G. Franken1,2, Saskia de 
Groot2, C.A. Uyl – de Groot1,2

1Department of Health Technology Assessment, Erasmus School 
of Health Policy & Management, Erasmus University Rotterdam, 
Rotterdam, The Netherlands; 2Institute for Medical Technology 
assessment, Erasmus University Rotterdam, Rotterdam, The 
Netherlands

Background
Although randomized controlled trials (RCTs) provide solid 

they do not provide evidence of their outcomes in real-world 
clinical practice. The generation of real-world evidence (RWE) 
may close this gap and could be valuable in reimbursement 
decisions. For example, in 2012, the Dutch Minister of Health 

melanoma (ipilimumab) conditional on the set-up the nationwide, 
population-based Dutch Melanoma Treatment Registry (DMTR). 
This registry provides insights into real-world patients, treatment 
patterns, and clinical and economic outcomes.

Aim
To discuss the value of RWE in reimbursement decisions using 
ipilimumab for metastatic melanoma as an example. 

Methods
RWE regarding patient characteristics, drug use, immune-related 
adverse events (irAEs), overall survival (OS), and healthcare 
resource use of patients receiving ipilimumab was obtained from 
the DMTR. Patients were registered between 2012 and 2015, 
and analyzed according to their treatment status: treatment-naive 
versus previously treated. 

Results / Conclusions
In the DMTR, 29% of treatment-naive patients and 21% of 
previously-treated patients experienced at least one grade 3-4 
irAE. Median OS was 14.3 and 8.7 months in treatment-naive and 
previously-treated patients, respectively. In both patient groups, 
ipilimumab accounted for 90% of the total healthcare costs. The 
real-world clinical outcomes slightly differed from the RCT 

RWE is of great added value enhancing the generalizability 
of outcomes in clinical practice. As RWE complements RCT 
evidence, agencies should use RWE in addition to RCT evidence 
in reimbursement decisions.

References
1  Hodi, F. Stephen, et al. "Improved survival with ipilimumab in patients with 

metastatic melanoma." New England Journal of Medicine 363.8 (2010): 
711-723.

2  Robert, Caroline, et al. "Ipilimumab plus dacarbazine for previously 
untreated metastatic melanoma." New England Journal of Medicine 364.26 
(2011): 2517-2526.

ABS-59362305

factor transporters, a novel target for the development of 
antibiotics 

S. Bousis1,2, E. Diamanti1,2, L. Monjas2, L. J. Y. M. Swier3, I. 
Setyawati3, J. Haupenthal2, J. Herrmann4, R. Müller4, D. J. 
Slotboom3, A. K. H. Hirsch1,2

1Helmholtz Institute for Pharmaceutical Research Saarland 
(HIPS) – Helmholtz Centre for Infection Research (HZI), Dept. of 
Drug Design and Optimization & Dept. of Pharmacy, Medicinal 
Chemistry, Saarland University, Campus E8.1, Saarbrücken, 
Germany; 2Stratingh Institute for Chemistry, University of 
Groningen, Nijenborgh 7, 9747AG Groningen, The Netherlands; 
3Groningen Biomolecular Sciences and Biotechnology Institute, 
University of Groningen, Nijenborgh 4, 9747AG Groningen, The 
Netherlands; 4Microbial Natural Products, Helmholtz Institute 
for Pharmaceutical Research Saarland, Saarland University, 
Campus E8.1, Saarbrücken, Germany

The emergence of drug resistance against important pathogens 
poses an ever-growing health threat. The pipeline of novel 

unprecedented mode of action and novel chemical structures. 
Energy-coupling factor (ECF) transporters are a class of ATP-
binding cassette (ABC) transporters that mediate the uptake of 
vitamins in prokaryotes. They consist of an energizing module 
and a substrate-binding protein (S-component) (A). Different 
S-components can interact with the same energizing module.1, 2

Aims
Vitamins are essential micronutrients for the growth and survival 
of bacteria. However, not all pathogens are able to utilize de 
novo biosynthesis. An alternative means of obtaining vitamins, 
is the use of membrane transporters. Given that ECF transporters 
are expressed in a great number of bacterial species and they 
are absent from eukaryotes, they are considered potential drug 
targets.3 Hence, the inhibition of this transport should translate 

Methods
The challenges associated with anti-infective drug-discovery 
programmes can be tackled by adopting several established and 

based design, virtual screening and dynamic combinatorial 
chemistry.4 

Results / Conclusions

co-crystal structure of ThiT-thiamine (C), we designed and 
synthesized thiamine analogues to identify which residues are key 
for substrate binding and to elucidate the mechanism of transport. 
Ligand-binding assays show that the new compounds bind with 

binding mode and provide insight into the molecular recognition 
of thiamine by ThiT.5

A structure-based virtual screening (SBVS) provided us with 
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both reduce folate concentration in the cytosol and to reduce 
bacterial growth. Additionally, the excellent drug-like properties 
of this chemical class of compounds triggered a medicinal-
chemistry camp
ECF transporters active against a plethora of pathogenic Gram-
positive organism (e.g., Staphylococcus aureus, Streptococcus 
pneumoniae, Enterococcus faecium).6
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Slotboom, A.K.H. Hirsch. ChemBioChem 2015, 16, 819–826.
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ABS-58790950
Disagregin: a platelet aggregation inhibitor from the tick 
Ornithodoros moubata
D.L. van den Kerkhof, H. Ippel, D. Suylen, T.M. Hackeng, I. 
Dijkgraaf
Cardiovascular Research Institute Maastricht (CARIM), 
Department of Biochemistry, Maastricht University, Maastricht, 
The Netherlands

Ticks, hematophagous parasites, obtain blood by puncturing the 
skin of vertebrates. When a blood vessel is intruded, the extrinsic 
coagulation pathway is activated by excretion of tissue factor (TF) 
from damaged endothelial cells and the blood coagulation cascade 
starts to repair the vessel wall. TF forms a complex with Factor 
VIIa (FVIIa) that activates FX into FXa. Then, FXa, together 
with calcium, phospholipids and FV, converts prothrombin into 

and a stable clot is formed. Ticks secrete saliva containing several 
anticoagulant proteins to continue feeding on the host. Here, we 
studied a protein consisting of 60 amino acids with proposed 
anticoagulant properties: Disagregin1, derived from salivary 
glands of the Ornithodoros moubata, a soft tick living in parts of 

integrin receptor on platelets, resulting in less platelet aggregation 

Disagregin contains an Arg-Glu-Asp (RED) sequence, suggesting 
a different mode of inhibitory action in platelet aggregation.

Aims
The aim of the study was to investigate the effect of Disagregin 
on platelet aggregation. Additionally, the purpose was to 

integrin receptor binding. 

Methods
Disagregin was synthesized by solid-phase peptide synthesis 
(SPPS) using tert-butyloxycarbonyl (Boc) chemistry and native 
chemical ligation (NCL). Light Transmission Aggregation (LTA) 
was performed in platelet-rich plasma (PRP) from healthy 
volunteers to assess the inhibitory effect of Disagregin. 
To investigate the possible role of the RED sequence, an E15G 
Disagregin analogue (RGD) was synthesized and both proteins 

performed using Disagregin and the RGD analogue. 

Results / Conclusions
Disagregin inhibited adenosinediphosphate (ADP)- and 
collagen-activated platelet aggregation in plasma with an IC50 
= 99.1 nM and 63.8 nM, respectively. Interestingly, from a 
platelet extracellular vesicle (EV) release assay it appeared that 
Disagregin also reduced EV- release from Convulxin-activated 
platelets.
NMR data showed that E15G substitution does not lead to a 
substantial difference in overall protein folding compared to 
native Disagregin. Both proteins adopted a Bovine Pancreatic 
Trypsin Inhibitor (BPTI)-type structural fold in solution. Both 
Disagregin and the E15G analogue displayed two major different 
conformations in fast exchange (milliseconds time scale), which 
internal conformational changes are located relatively distant 
from the RGD loop. At the local structural level of the RGD 
loop, differences in chemical shift values suggest the presence 
of a salt-bridge between the end group of R41 and the side 
chain carboxylic group E15 in Disagregin, while this interaction 
appears not present in the E15G analogue.
Tick Disagregin seems to have evolved passed classical RGD 
binding and now uses an antagonistic style of binding.

References

antagonist lacking the Arg-Gly-Asp sequence from the tick, Ornithodoros 
moubata. J Biol Chem 1994; 269(9): 6702-8.

ABS-58467008
Structural analysis of chemokine receptor-ligand interactions 
to support drug discovery

M. Arimont1, S. Sun1, I. Adlere2, A. Zarca1, I.J.P. de Esch1,2, M. 
Wijtmans1, C. de Graaf1, R. Leurs1,2

1Division of Medicinal Chemistry, Faculty of Sciences, 
Amsterdam Institute of Molecules, Medicines and Systems 
(AIMMS), Vrije Universiteit Amsterdam, Amsterdam, The 
Netherlands. 2

Chemistry, Amsterdam, The Netherlands.

Chemokine receptors, and especially CXCR4 and ACKR3, are 
interesting drug targets for a variety of diseases, including cancer 
(1). Construction and application of structural chemokine receptor 
models is essential for the elucidation of molecular determinants 
of chemokine receptor modulation and the structure-based 
discovery and design of chemokine receptor ligands (2).

Aims
Apply a combined approach of structure and ligand-based 
computational methods for the discovery of new leads and 
ligands for the chemokine receptors CXCR4 and ACKR3.

Methods
In this study, we have performed a comparative analysis of 
ligand binding pockets in chemokine receptors and their 
implication for the modeling of GPCR-ligand interactions (2). 
We integrated new structural information of chemokine receptors 
with extensive structure-activity relationship and site-directed 

(3, 4).  This method was applied in a drug discovery excercise 
for CXCR4 and ACKR3. This is specially challenging in 
chemokine receptors as they present multiple druggable binding 
sites, including the minor and major pocket in the orthosteric site 
(binding small molecules/peptides), the extracellular vestibule 
(binding chemokines/antibodies), and even an intracellular 
binding site (binding small molecules, nanobodies). 

Results and conclusion
We will show how we successfully performed virtual screening 
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based on a fragment library for CXCR4, obtaining hits that 
were used for chemical optimization. We applied the acquired 
structural knowledge for the growing of the fragment, leading 

compounds. Furthermore, we were able to predict key interacting 
residues in the binding site of ACKR3 for small molecule 
agonists through a double-entropy analysis, molecular docking, 
Molecular Dynamics simulations, and mutant data analysis. 
These results open the door for new drug discovery campaigns 
for a GPCR with very scarce ligand information.
In conclusion, a novel series of CXCR4 antagonists has been 
obtained
and improved drug-likeness.  The binding mode of the ACKR3 
agonist GD-301 has been predicted and validated through 
docking, MD simulations, and mutant data analysis.
A combination of structure-based ligand design and discovery 
with classical medicinal chemistry approaches is key for the 
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ABS-58632635
Visualizing vitamin A metabolism

Sebastiaan Koenders1, Martje Erkelens2, Pasquale Putter1, Reina 
Mebius2, Hermen Overkleeft1 and Mario van der Stelt1

1Molecular Physiology, Leiden Institute of Chemistry, Leiden 
University, Leiden, NL
2Department of Molecular Cell Biology and Immunology, VUmc, 
Amsterdam, NL

Vitamin A or retinol is essential in embryonic development, the 
visual cycle and the immune system. Vitamin A is converted 
to retinoic acid (RA) by aldehyde dehydrogenases (ALDHs). 
The family of ALDHs consists of 19 members, three of which 
(ALDH1A1, ALDH1A2 and ALDH1A3) have retinal as 
their preferred substrate. Due to a lack of selective and potent 

contribution to Vitamin A metabolism in biological systems.

Therefore an activity-based probe based on the chemical 
structure of retinal has been synthesized to enable activity-based 

to the active site cysteine of ALDH enzymes which can then 
be visualized on gel or analyzed by proteomics using ligation 
chemistry. 

After biological evaluation of the probe in A549 cells this 

individual ALDH enzymes on the mucosal immune system and 

Thus showcasing its use to study Vitamin A metabolism in a 
wide variety of biological settings including but not limited to: 
immunology, cancer and (cancer) stem cells. 
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ABS-59103243
"Micro-pharmacokinetics”: How local drug concentration 

Prof Steven J Charlton
Queen’s Medical Centre, University of Nottingham, Nottingham, 
NG7 2UH, UK 

are almost exclusively calculated using equations that assume the 
interacting molecules are homogeneously distributed in a solvent, 
with the concentration of drug available to bind target being equal 
to that in the bulk aqueous phase. While this assumption applies 
well to soluble enzymes, it is less satisfactory for membrane-
associated targets (e.g. GPCRs) where the protein is embedded 
in a phospholipid bilayer. This is because the inclusion of 
phospholipid adds an additional amphiphilic compartment into 
which drugs may partition, depending on their physicochemical 
properties. In addition, the physical barriers associated with some 
physiological compartments (e.g. synapses) may restrict drug 
diffusion away from the receptor-compartment, further promoting 
drug “rebinding”. This talk will introduce the concept of drug-
membrane interactions, explore the consequences on observed 
receptor kinetics and outline our recent efforts to measure local 
drug concentrations at a sub-cellular level. It will then give a more 
clinical perspective, describing how local drug rebinding may 
be an important contributor to the extrapyramidal side effects of 
antipsychotic dopamine D2 receptor antagonists. Finally it will 
argue that receptor binding kinetics can not be fully understood 
without also considering the local drug concentration, stating 
the case for establishing “micro” PK/PD relationships for drugs 
against membrane targets. 

ABS-58811971
Intracellular Irreversible Probes for GPCRs: A Covalent, 
Negative Allosteric Modulator for CC Chemokine Receptor 2 
(CCR2)

N.V. Ortiz Zacarías1, J. Louvel1, I. Kufareva2, T. Šimková1, A. 
Hsiao1, E. Theunissen1, L. Mallee1, T. Handel2, A.P. IJzerman1, 
L.H. Heitman1

1Div. of Drug Discovery and Safety, Leiden Academic Centre 
for Drug Research (LACDR), Leiden University, Leiden, The 
Netherlands; 2University of California, San Diego, Skaggs School of 
Pharmacy and Pharmaceutical Sciences, La Jolla, CA 92093, USA

Background
CC chemokine receptor 2 (CCR2) is a class A G protein-coupled 
receptor (GPCR) that plays a key role in the migration of 

such as atherosclerosis, multiple sclerosis and cancer. Yet all CCR2 
antagonists developed so far have failed in clinical trials due to 

concepts necessary to better study drug receptor pharmacology in 
early drug discovery phases. 

In this regard, the recent crystal structure of CCR2 has suggested a 
new manner of pharmaceutical intervention, i.e. using intracellular 
allosteric modulators.1 In addition, irreversible or covalent probes 
represent important pharmacological tools that allow a variety of 
applications: study of drug-target binding kinetics, assist in target 
crystallization or study of in vivo target localization, among others. 

Aim
We aimed to develop and characterize an intracellular covalent 
probe for CCR2, as this might lead to the development of a new 
pharmacological tool for this chemokine receptor.   

Results 
Based on the structure of a known CCR2 intracellular ligand, 
SD-24, we designed and synthesized several potential covalent 
ligands by incorporating different electrophilic groups as 
reactive warheads. Next, a combination of radioligand binding 
and functional assays allowed us to identify compound LUF7591 
as an intracellular covalent binder for CCR2. In addition, in 
silico modeling followed by site-directed mutagenesis of CCR2 

CCR2, where a cysteine residue appears to be the target amino 
acid for the irreversible interaction. 

Conclusions
To conclude, we report the design, pharmacological 

probe for CCR2. This tool compound might represent a 
promising approach to further study CCR2, both in vitro and 
in vivo. 
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ABS-59086157
Inhibition of Src kinase signaling pathway attenuates 
Nonalcoholic Steatohepatitis

Dhadhang Wahyu Kurniawan1,2, Arun Jajoriya3, Garima 
Dhawan3, Divya Mishra3, Dorenda Oosterhuis4, Peter Olinga4, 
Gert Storm1,5, Durga Prasad Mishra3, Jai Prakash1†, Ruchi 
Bansal1†*

1Targeted Therapeutics, Department of Biomaterials Science 
and Technology, Technical Medical Centre, Faculty of 
Science and Technology, University of Twente, Enschede, The 
Netherlands; 2Department of Pharmacy, Universitas Jenderal 
Soedirman, Indonesia; 3Cell Death Research Laboratory, 
Division of Endocrinology, CSIR-Central Drug Research 
Institute, Lucknow, India; 4Pharmaceutical Technology 
and Biopharmacy, Department of Pharmacy, University of 
Groningen, The Netherlands; 5Department of Pharmaceutics, 
University of Utrecht, Utrecht, The Netherlands.
†Equal contribution; *r.bansal@utwente.nl 

The prevalence of non-alcoholic steatohepatitis (NASH) is 
growing rapidly due to western life style, and is becoming a 
leading and growing cause of mortality worldwide. Currently, 
there is an unmeet need for the effective and safe therapies for 

crucial role in the pathogenesis of NASH. Therefore, molecular 
therapies inhibiting macrophage activation would be a highly 
promising therapy for the treatment of NASH.

Aims
In this study, we investigated the implication of Src signaling 

Methods
We used KX2-391, a small-molecule Src kinase inhibitor, to 
achieve the goals of this project. We tested the therapeutic 

macrophages, and murine precision cut liver slices (PCLS). 
Eventually, we evaluated the therapeutic effects of KX2-391 in 
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Results / Conclusions

macrophages. KX2-391 concentration-dependently inhibited 

attenuated M1-induced nitric oxide (NO) release (an indicator 
of M1 activation) and expression of M1 markers in RAW 

inhibition of M1 macrophage markers in PCLS without inducing 
toxicity. Finally, we performed an in vivo study on MCD diet-
induced murine model of NASH and showed that KX2-391 

total triglycerides serum levels. These results suggest that Src 
inhibitor KX2-391 can be a potential therapeutic approach to 
treat Non-alcoholic Steatohepatitis.
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ABS-58816156 
A covalent antagonist for the human adenosine A3 receptor 

X. Yang1, J.P.D. van Veldhoven1, B. Kuiper1, J. Offringa1, E.B. 
Lenselink1, L.H. Heitman1, D. van der Es1 and A. P. IJzerman1

1Division of Drug Discovery and Safety, Leiden Academic Centre 
for Drug Research, Leiden University, Einsteinweg 55, 2333 CC 
Leiden, the Netherlands 

Aims
The human A3 adenosine receptor (hA3R) plays an important role 
in both physiological and pathophysiologic conditions, such as 
cell proliferation, cardioprotection and apoptosis.1 In the past we 
have searched for potent and selective hA3R antagonists, leading 
to a set of structurally diverse antagonist classes. In particular, 
tricyclic xanthine derivatives of 1H,3H-pyrido[2,1-f]purine-2,4-

for hA3R
.2 Building on these results, we report an analog, 

functionality, as a selective covalent antagonist of hA3R.

Methods 

In a radioligand binding assay this ligand acted as a potent 
3R in the 

incubation time, suggesting an increasing level of irreversible 
binding over time. An in silico hA3R-homology docking study 
indicated that Y2657.36 was responsible for the covalent bond 
formation, which was validated by site-directed mutagenesis to 
demonstrate that the amino acid residue was the unique anchor 

point of the covalent interaction. Subsequently, LUF7602 was 
tested in [35

LUF7602 caused a concomitant decline in the agonist's maximal 
response, indicating insurmountable antagonism, another proof 
of the covalent receptor labeling. In contrast, coincubation 
with this antagonist generated a parallel rightward shift of the 
agonist’s concentration-effect curve with no alteration of the 
maximal effect, suggesting the insurmountable antagonism was 
competitive, due to an irreversible blockade to reduce the total 
receptor population available. 

Conclusions
All these data contribute to a better understanding of the covalent 
interaction between LUF7602 with the receptor. This covalent 
antagonist may serve as a valuable molecular translational 
tool for further investigating the role of hA3R in different 
pathophysiological conditions.

References
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ABS-58563134
HCMV-encoded US28-mediated signaling towards the Hippo 
pathway in glioblastoma

Tian Shu Fan, Jeffrey R. van Senten, Timo W.M. De Groof, 
Marco Siderius, Martine J. Smit
Amsterdam Institute for Molecules, Medicines and Systems 
(AIMMS), Division of Medicinal Chemistry, Faculty of Sciences, 
Vrije Universiteit, Amsterdam, The Netherlands

Glioblastoma is the most aggressive type of brain tumor with a 
median survival of only 12 months. The human cytomegalovirus 
(HCMV) has been detected in glioblastoma tissues and is 
suggested to play an oncomodulatory role by hijacking the 
host via its HCMV-encoded viral G protein-coupled receptors 
(GPCRs). These receptors share great homology to the human 
chemokine receptors. One of these four characterized receptors, 
US28, is constitutively active and has been associated with several 
pathologies, including cancer. US28 activity in glioblastoma 
has been shown to stimulate proliferation in vitro and tumor 
progression in vivo, and modulate stemness via various signaling 
routes. One of the suggested pathways is the Hippo pathway – 
which is a key signaling route in tissue homeostasis with YAP1 as 
its major downstream transcription co-activator – in association 
with Sox2 – a key player in stemness regulation and ultimately 
the determination of the cell fate. This YAP1-Sox2 axis might be 
an essential player in the so-called cancer stem cell hypothesis, 
which describes the existence of a small fraction of cancer cells 

initiate and sustain tumor recurrence and growth after therapy, 

to treat. Elucidating this signaling route might therefore be a 
key factor in achieving successful and permanent removal of 
glioblastoma. 
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ABS-59054496
Characterization of cancer-induced somatic mutations in the 
adenosine A1 receptor

X. Wang1, J. J. de Waal1, E. B. Lenselink1, A. P. IJzerman1, L. H. 
Heitman1, and G. J. P. van Westen1

1Division of Drug Discovery and Safety, LACDR, Leiden 
University, the Netherlands

Introduction 
The adenosine A1 receptor (A1R) is highly expressed in the 
brain, spinal cord, and adipose tissue1. The role of A1R in tumor 
development is not well characterized yet, but it has been detected 
to be over-expressed in various cancer cell lines2. Additionally, 
the activation of A1R has been reported to show both anti- and 
pro-tumoral effects in cancer development2.
A series of A1R mutations have been found in many human 
cancers, which are located in the 7-transmembrane, intracellular 
loops, extracellular loops, or C-terminus of the receptor (Van 
Westen, G. J. P., (2016). Unpublished data. STW Veni project: 
14410). These mutations might disturb the equilibrium of the 
receptor’s activation states either causing an increase in activation 
(constitutively active mutants, CAMs) or a decrease in basal 
activity (constitutively inactive mutants, CIMs). As previous 
studies from our department have indicated that some residues 
are essential in receptor activation3, we wish to explore the link 
between receptor (in)activation and cancer-related mutations of 
the A1R. In this study, we have focused on the mutations located 
outside of the 7-transmembrane domain.

Methods  
In this study the yeast strain MMY24 is used, containing a 
chimeric Gpa1 G protein of which the last 5 amino acids have 

3 protein4. 

pheromone pathway and activate transcription of the reporter 
genes HIS3 and LacZ3. As a result, yeast growth is used as a 
read-out parameter for receptor activation.

Results / Conclusions 
Concentration-growth curves were obtained with a reference 
A1R full agonist, N6-cyclopentyladenosine (CPA), for 12 mutant 
receptors and compared to the wild-type receptor. For mutations 
located at the extracellular loop, we found that the levels of 
constitutive activity of the receptor decreased (i.e. CIM) and 
agonist potency decreased as well. Moreover,  the maximal effect 
of the agonist on the mutant A1R receptors were similar to the 
wild-type receptor, except for mutant receptor E170G45.51. This 
receptor showed a complete loss of activation. With regard to 
mutants located in the intracellular loops of the receptor, we 
found an increased constitutive activity (i.e. CAM) and potency 
for CPA for mutants L211R5.69 and V215LIL3. In contrast, mutant 
receptor L113F34.51

receptor.
In conclusion, the yeast system is suitable for the investigation 
of A1R activation. Several potential CAMs, CIMs and mutants 

obtained from this study will enrich the insight of A1R receptor 
structure and the function of its mutations in cancer. Ultimately, 
this may eventually provide potential precision medicine in 
cancer treatment.

References
1. Fredholm et al. Pharmacol.Rev. 53, 527–552 (2001).
2. Gessi et al. Biochim. Biophys. Acta - Biomembr. 1808, 1400–1412 (2011).
3. Peeters et al. Biochem. Pharmacol. 84, 76–87 (2012).
4. Dowell & Brown. Methods Mol. Biol. 552, 213–229 (2009).

ABS-58608658
The role of 14-3-3 mediated regulation of the cancerous 
inhibitor of protein phosphatase 2a (CIP2A) in breast cancer 
cells

Brink, H.1, Da Costa Pereira, D1, Ottmann, C.2, Siderius, M.1, 
Smit, M1. and De Boer A.H.1

1Vrije Universiteit, Fac. Exact Sciences, Dept. Medicinal 
Chemistry, The Netherlands and 2Eindhoven University of 
Technology, Lab. Chem. Biol., Dept. Biomedical Engineering, 
The Netherlands

The small molecule fusicoccin (FC) is able to stabilize protein-
protein interactions (PPIs) between the regulatory proteins 14-
3-3 and a subset of their client proteins. Stabilization occurs at 
the extreme C-terminus of the client protein which interacts with 
14-3-3 based on a phosphorylated serine/threonine type III motif 
(xxx-pS/pT-(VLI)-COOH). It has previously been demonstrated 
that FC has anti-proliferative effects in various tumour cell 
lines. Here we show that the triple negative breast cancer cell 
line MDA-MB-468 is FC sensitive. Analysing 14-3-3 interacting 
proteins from MDA-MB-468 cell lysates using FC coupled to 

protein phosphatase 2a (CIP2a) as a putative 14-3-3/FC target. 
The oncoprotein CIP2a has been shown to play a crucial role 
in breast cancer affecting cell proliferation by inhibition of the 
tumour suppressor PP2A and stabilizing the oncoprotein c-Myc. 
Treating MDA-MB-468 cells with FC results in the enhanced 
phosphorylation of CIP2a’s mode III 14-3-3 binding motif at 
S904, the destabilization of c-Myc and the induction of apoptosis. 

Receptor Pharmacology and Signal Transduction
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ABS-59151597
RCT results: Proof-of-pharmacology of omiganan in patients 
with external genital warts

M. Rijsbergen1, R. Rijneveld1, T. van der Kolk1, E. S. Klaassen1, 
G. Feiss2, S.T.P. Kouwenhoven3, K. Quint3, M.I.E. van Poelgeest4, 
J. Burggraaf1, R. Rissmann1

1Centre for Human Drug Research, Leiden, the Netherlands, 
2Cutanea Life Science, Wayne, Pennsylvania, USA, 3Department 
of Dermatology Leiden University Medical Centre, Leiden, the 
Netherlands, 4Department of Gynaecology, Leiden University 
Medical Centre, Leiden, the Netherlands 

Current therapies often fail as treatment for external genital 
warts causing a high medical need for safe and effective novel 
treatments. The cationic, antimicrobial peptide omiganan is an 
indolicidin analogue with immunomodulatory and anti-viral 
properties as observed in vitro. 

Aims
We performed a randomized, vehicle-controlled phase 2a trial to 

patients with external genital warts.

Methods
Twenty-four (24) patients aged 18 years and older diagnosed 
with at least 3 external genital warts were randomized to a 12 
week treatment period with omiganan 2.5% or placebo (ratio 
active:placebo= 2:1) and a 12 weeks follow-up. 

Results / Conclusions
Omiganan treatment was well tolerated and there were no clinical 

related discontinuations. We observed a 29.3% wart clearance 
in the omiganan group compared to 15.3% in the vehicle group 
(p-value=0.3918). Furthermore, omiganan treatment decreased 
the height and volume of the warts compared to  vehicle 
(p=0.0543 and p=0.0655, respectively). The HPV load was 

omiganan 2.5% compared to placebo (p= 0.0201). Omiganan 
2.5% is safe to be administered to patients with external genital 
warts and reduces the HPV load in genital warts after 12 weeks 
treatment. Omiganan is therefore a potential new therapy for 
genital warts and further research with b.i.d. application, longer 
duration and/or combination therapies should be performed.

ABS-58610855
Early-life antibiotics use increases the risk of asthma and 
eczema: a discordant twin study. 

Elise M.A. Slob1*, Chantal J.A.R. Kats1*, Susanne J.H. Vijverberg1, 
Mariëlle W. Pijnenburg2, Toos C.E.M. van Beijsterveldt3, Gerard 
H. Koppelman4, Dorret I. Boomsma3, Anke H. Maitland – van 
der Zee1,5 
1Dept. of Respiratory Medicine, Amsterdam Public Health 
research institute, Amsterdam University Medical Centers, 
University of Amsterdam, Amsterdam, The Netherlands; 2Dept. 
of Pediatrics, Pediatric Pulmonology & Allergology, Erasmus 
Medical Center- Sophia Children’s Hospital, Rotterdam, The 
Netherlands; 3Netherlands Twin Register, Department of 
Biological Psychology, Amsterdam Public Health research 
institute, Vrije Universiteit Amsterdam, Amsterdam, The 
Netherlands; 4Dept. of Pediatric Pulmonology & Allergology, 
University Medical Center Groningen, Groningen, The 
Netherlands; 5Dept. of Paediatric Pulmonology, Amsterdam 
Public Health research institute, Amsterdam University Medical 
Centers, University of Amsterdam, Amsterdam, The Netherlands. 

Epidemiological studies have shown that early-life exposure 
of antibiotics in children increases risk of asthma and eczema. 

studies (1,2). 

Aims 
To investigate evidence for causality in the relationship between 
early-life antibiotic use and development of asthma and eczema 
in a Dutch twin cohort. 

Methods
We investigated 7,386 children (age: 3-10 years) from 
the Netherlands Twin Register prospectively followed by 

asthma at age 3, 5, 7 or 10 years. Early-life antibiotic exposure was 

Individuals derived from twin pairs were included in unmatched 
case-control analyses, using generalized estimating equation 
models. Conditional logistic regressions were performed in 
twin pairs using a co-twin control analysis. This design includes 
disease discordant twin pairs. Affected twins were matched to 
their healthy co-twin. It takes advantage of the fact that MZ and 
DZ twin pairs share different degrees of genetic relatedness and 
share their environment, while exposure to antibiotics can differ 
within twin pairs (4). 

Results / Conclusions
Early-life antibiotic use was associated with an increased risk 
of asthma (OR: 1.28, 95% CI: 1.18-1.45; n=7,386) and eczema 
(OR: 1.17, 95% CI: 1.08-1.27; n=7,038) in affected twins with 
unrelated controls. After controlling for shared environmental 
factors by analysing disease discordant MZ and DZ twin pairs 
(healthy co-twin as control), the risk of developing asthma was 

After controlling for both shared environmental and genetic 
factors in disease discordant MZ pairs, increased risk remained, 
but not sta
95% CI: 0.92-12.11; n=138) and eczema (OR: 2.00, 95% CI: 
0.90-4.45; n=306). Lack of statistical power may be a reason for 

for prescription of antibiotics caused by viral infections, which 
may be a confounder. Our results suggest that the association 
between early-life antibiotic use and asthma or eczema is not 
confounded by environmental or genetic factors, and might be 

children should be considered before the start of therapy. 

References
1.  Ahmadizar F, Vijverberg SJH, Arets HGM, de Boer A, Turner S, Devereux 

G, et al. Early life antibiotic use and the risk of asthma and asthma 
exacerbations in children. Pediatr Allergy Immunol. 2017;28(5):430–7. 

2.  Ahmadizar F, Vijverberg SJH, Arets HGM, de Boer A, Lang JE, Garssen 
J, et al. Early-life antibiotic exposure increases the risk of developing 
allergic symptoms later in life: A meta-analysis. Allergy Eur J Allergy Clin 
Immunol. 2017;73(5):971–86.

Hudziak JJ, Lamb D, et al. The young Netherlands twin register (YNTR): 
Longitudinal twin and family studies in over 70,000 children. Twin Res 
Hum Genet. 2013;16(1):252–67.

4.  Lichtenstein P, De Faire U, Floderus B, Svartengren M, Svedberg P, 
Pedersen NL. The Swedish Twin Registry: A unique resource for clinical, 
epidemiological and genetic studies. J Intern Med. 2002;252(3):184–205.



PO
STERS

30 Abstracts Poster Presentations  |  October 1st - 2nd  |  Dutch Medicines Days 2018 F I G O N

Clinical (translational) pharmacology
ABS-59117866

in a randomized controlled trial in healthy volunteers

T. Niemeyer – van der Kolk1, M. Rijsbergen1, S. Assil1, T. Buters1, 
E. S. Klaassen1, W. Grievink1, S. Jirka1, G. Feiss2, E. P. Prens3, J. 
Burggraaf1, M.B.A. van Doorn3, R. Rissmann1, M. Moerland1

1Centre for Human Drug Research, Leiden, the Netherlands, 
2Cutanea Life Science inc., Wayne, Pennsylvania, USA, 
3Department of Dermatology Erasmus Medical Centre, 
Rotterdam, the Netherlands 

Omiganan (OMI), an indolicidin analogue with immunomodu-
latory properties, and the TLR 7/8 agonist imiquimod (IMQ) have 

Aims
The objective of this clinical study was to translate the in vitro 

exploring the potential of add-on treatment for HPV-induced 
skin diseases such as high grade squamous intraepithelial lesion 
(HSIL), cervical intra-epithelial neoplasia (CIN) and external 
genital warts. 

Methods
Sixteen (16) healthy male and female volunteers received 
topical IMQ, OMI or a combination of both in different 
sequential orders under occlusion for up to 4 days on tape 

assessed by erythema (erythema index, colorimetry, erythema 
grading scale) and perfusion (laser speckle contract imaging) 
measurements. Skin punch biopsies for were taken for 

and immunohistochemistry).

Results / Conclusions
All 16 subjects completed the study. Treatments were well 

in erythema and perfusion (p<0.05) when the skin was primed 
with IMQ for 48 hours, followed by 48 hours of OMI, compared 

mRNA expressions were all higher with this treatment regimen, 
representing an enhanced interferon response. Histologically 

and CD14 to be more apparent, showing both enhanced general 

interferon responses. Combination therapy in HPV-induced skin 

compared to IMQ alone, and should therefore be investigated in 
future studies.  

ABS-59079042
Sex differences in prescribed drugs among patients with type 
2 diabetes mellitus treated in primary care 

S.T. de Vries1, P.G.M. Mol1,2, E.P. van Puijenbroek3,4, P. Denig1

1Dept. of Clinical Pharmacy and Pharmacology, University of 
Groningen, University Medical Center Groningen, Groningen, 
The Netherlands, 2Dutch Medicines Evaluation Board, Utrecht, 
The Netherlands, 3Netherlands Pharmacovigilance Centre Lareb, 
‘s-Hertogenbosch, The Netherlands, 4University of Groningen, 
Groningen Research Institute of Pharmacy, Pharmacotherapy, 
-Epidemiology & -Economics

Recently, sex differences have been shown in adverse drug 
reactions (ADRs) spontaneously reported to the Netherlands 
pharmacovigilance center Lareb for several drugs commonly 
prescribed among patients with type 2 diabetes (T2DM), i.e. 
metformin, gliclazide, glimepiride, pioglitazone, enalapril, 
losartan, metoprolol, simvastatin and rosuvastatin.1 Whether 
these drugs are selectively prescribed to either females or males 
is not clear. 

Aims 
To assess sex differences in the prescription and dosing of 
metformin, gliclazide, glimepiride, pioglitazone, enalapril, 
losartan, metoprolol, simvastatin and rosuvastatin among patients 
with T2DM treated in primary care in the Netherlands. 

Methods
In this cross-sectional study, prescription data from the Groningen 
Initiative to ANalyse Type 2 diabetes Treatment (GIANTT) 

with a diagnose of T2DM, and treated in primary care were 
included. Multivariable binomial logistic regression analyses 
were used to assess the effect of sex on the prescription of the 
drugs. In addition, multivariable binomial logistic regression 
analyses and multinomial logistic regression analyses were 
conducted to assess the effect of sex on different dosing classes 
of the drugs. All analyses were adjusted for potential confounders 
(i.e. age, Body Mass Index (BMI), diabetes duration, Hemoglobin 

Results 
A total of 27,169 patients were included (50% females). The 
patients were on average 67 years. Compared to males, females 
were prescribed less often metformin (adjusted OR: 0.75; 95% 
CI: 0.70-0.79) and gliclazide (adjusted OR: 0.85; 95% CI: 0.79-

pioglitazone. Also, females were prescribed less often enalapril 
(adjusted OR: 0.83; 95% CI: 0.78-0.90) and simvastatin (adjusted 
OR: 0.83; 95% CI: 0.79-0.88) but more often losartan (adjusted 

were seen for metoprolol or rosuvastatin. Females received more 
often a lower dose for: metformin (adjusted OR: 0.56; 95% CI: 
0.51-0.62), enalapril (adjusted OR: 0.69; 95% CI: 0.55-0.88), 
metoprolol (adjusted OR: 0.84; 95% CI: 0.73-0.98), simvastatin 
(adjusted OR: 0.76; 95% CI: 0.69-0.83) and rosuvastatin 
(adjusted OR: 0.54; 95% CI: 0.43-0.68). No sex differences were 
observed in the dose of gliclazide, glimepiride, losartan, and 
pioglitazone.

Conclusions
Several of the assessed drugs for which sex differences in ADRs 
were observed previously, were less often prescribed in females 
than in males. Moreover, females generally received a lower dose 
for most of these drugs than males even after adjusting for age 
and BMI. Further studies should assess the role of ADRs in sex 
differences in drug prescribing.

References
1. De Vries et al. Gender differences in drug – adverse drug reaction 

combinations reported to the national pharmacovigilance centre in the 
Netherlands. Manuscript in preparation.



PO
ST

ER
S

31Dutch Medicines Days 2018  |  October 1st - 2nd  |  Abstracts Poster PresentationsF I G O N

Clinical (translational) pharmacology
ABS-58990513
Clinical validation of a Dried Blood Spot method for 
determination of risperidone, aripiprazole, pipamperone and 
their major metabolites

S.M. Kloosterboer1,2, B.C.M. de Winter1, S. Bahmany1, L. Al-
Hassany1, T. van Gelder1, B. Dierckx2, B.C.P. Koch1

1Department of Hospital Pharmacy, Erasmus MC, Rotterdam, the 
Netherlands, 2Department of Child and Adolescent Psychiatry/
Psychology, Erasmus MC, Rotterdam, the Netherlands

Dried blood spot (DBS) sampling offers a minimally 
invasive sampling method for therapeutic drug monitoring of 
antipsychotics. 

Aims
To facilitate implementation in clinical practice, the aim of 
this study was to perform a clinical validation study of a 

pipamperone, and their major metabolites 9-OH risperidone and 
dehydroaripiprazole in a real-life, clinical setting.

Methods
Paired DBS and venous plasma samples were analyzed (n = 35 
for risperidone, n = 21 for aripiprazole, n = 21 for pipamperone). 
Estimated plasma concentrations were calculated from DBS 
concentrations based on hematocrit and/or Deming regression 
formulas. Deming regression and Bland–Altman analyses were 
used to determine the agreement between the calculated and 
measured plasma concentrations. For Bland–Altman analysis, 
the following acceptance limit was used: for a minimum of 67% 
of the samples, the difference of the 2 measurements should be 
within 20% of their mean.

Results
The median venous plasma levels were 0.9 mcg/L for 
risperidone, 14.8 mcg/L for 9-OH risperidone, 135.4 mcg/L 
for aripiprazole, 54.9 mcg/L for dehydro-aripiprazole, and 56.4 
mcg/L for pipamperone. All antipsychotics required different 
correction formulas of DBS concentrations for best agreement. 
Subsequently, no constant or proportional bias was observed 
using Deming regression analysis. With Bland–Altman analyses, 
for risperidone, 45% of the samples were within the 20% limits; 
for 9-OH risperidone, 36%; for aripiprazole, 45%; for dehydro-
aripiprazole, 35%; and for pipamperone, 43%.

Conclusions
The DBS method to quantify risperidone, aripiprazole, 
pipamperone, and their major metabolites did not meet the 
acceptance criteria in the Bland–Altman analyses. Therefore, 
this DBS method was not clinically valid. This study shows the 
importance of a clinical validation study with use of Bland–
Altman plots before clinical implementation.

ABS-58599103
Therapeutic drug monitoring of abiraterone: concomitant 
intake with food increases exposure in patients with low 
plasma concentrations
 
S.L. Groenland1, A.M. Bergman2, A.D.R. Huitema3,4, N. Steeghs1

On behalf of the Dutch Pharmacology Oncology Group (DPOG)
1Div. of Medical Oncology, Dept. of Clinical Pharmacology, 2Div. 
of Medical Oncology 3Dept. of Pharmacy and Pharmacology, 
The Netherlands Cancer Institute – Antoni van Leeuwenhoek 
Hospital, Amsterdam, The Netherlands; 4Dept. of Clinical 
Pharmacology, University Medical Center, Utrecht University, 
Utrecht, The Netherlands

Background
Abiraterone acetate is an oral anti-hormonal drug inhibiting 
CYP17 and is indicated for the treatment of metastatic castration 
resistant prostate cancer. Pharmacokinetic exposure has been 

concentration (Cmin
progression free survival compared to patients with a Cmin 
below this threshold (7.4 vs. 12.2 months, p=0.044).1 At the 

1, providing a strong rationale for therapeutic 
drug monitoring (TDM). Since a clinically relevant food effect 
has been established, concomitant intake of abiraterone with food 
could offer a cost-neutral solution in case of low exposure.2

Aims
This study aims to evaluate whether TDM directed abiraterone 
dosing is feasible and results in an increased proportion of 
patients with concentrations above the target.
 
Methods
Patients starting regular treatment with abiraterone 
concomitant with prednisone or dexamethasone were included. 
Pharmacokinetic sampling occurred 4, 8 and 12 weeks after 
start of treatment, and every 12 weeks thereafter. Abiraterone 
concentrations were measured and trough levels were calculated. 
In case of Cmin < 8.4 ng/mL and acceptable toxicity, a PK guided 

abiraterone with a light meal or a snack was advised. If Cmin 
remained below target, dose escalations with steps of 250 mg 
were advised up to a maximum dose of 1500 mg once daily.

Results 
Currently, 22 patients have been included, of which 11 patients 
(50%) had at least one Cmin < 8.4 ng/mL. These patients were 
advised to take abiraterone concomitant with food, after which 

(CV%)] to 50.6 (104%) ng/mL (p=0.024). This intervention led 
to adequate exposure in 10 patients (91%). One patient still had 
a Cmin below the threshold, due to elevated liver enzymes the 
dose could not be further increased. Eleven patients had all Cmin 

min was 29.8 (62%) 
ng/mL.

Conclusion 
TDM of abiraterone was successfully applied in clinical 
practice and proved to be feasible. Concomitant Intake with 

min and offers a cost-
neutral opportunity to optimize treatment for patients with low 
pharmacokinetic exposure. Patient inclusion will be expanded to 
100 patients, which will also allow us to evaluate the effect of 

References
1. Carton et al (Eur J Cancer, 2017)
2. Chi et al (Clin Pharmacol, 2015)
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Clinical (translational) pharmacology
ABS-58596956
Is an intravenous [14C]midazolam microdose dose-linear in 
children? Results of a pilot study

B.D. van Groen1, B.K. Park2, M.G. Mooij1,3, W.H. Vaes4, L.T. 
Kõrgvee5, W. Maruszak6, G. Grynkiewicz6, R.C. Garner7, D. 
Tibboel1, S.N. de Wildt1,8, M.A. Turner2

1Erasmus MC Sophia Children’s Hospital, Rotterdam, The 
Netherlands; 2University of Liverpool, Liverpool, UK; 3Leiden 
University Medical Centre, Leiden, The Netherlands; 4TNO, Zeist, The 
Netherlands; 5University of Tartu, Tartu, Estonia; 6Pharmaceutical 
Research Institute, Warsaw, Poland; 7Garner Consulting, York, UK; 
8Radboud University, Nijmegen, the Netherlands

Background/aim
Microdose studies present an innovation to study 
pharmacokinetics (PK) in pediatrics. We aimed to assess dose 
linearity by comparing a single intravenous (IV) [14C]midazolam 
(MDZ) microdose with a microdose given simultaneously with 
therapeutic midazolam (microtracer).

Methods
Preterm to 2 year old infants admitted to the intensive care 
unit (ICU) received [14C]-MDZ IV either as a microtracer 
during therapeutic MDZ infusion or as an isolated microdose. 
Repeated blood sampling was done up to 36 hours after dosing. 
Plasma concentrations of [14C]MDZ and [14C]1-OH-MDZ were 
determined by accelerator mass spectrometry. PK parameters were 
estimated using non-compartmental log-linear PK models with 
PKSolver software. Linearity to therapeutic dose of 0.1mg/kg 
was assessed. Comparison was made between the two treatments 
(Mann Whitney U-test), and with published pediatric PK data. 

Results / conclusions

41.4] weeks, postnatal age 11.4 [0.6-49.1] weeks), nine received 
a microdosis and six a microtracer [14C]MDZ (111 Bq/kg; 37.6 
ng/kg). PK parameters were similar between the microdose and 
the microtracer (p<0.05): CL was 12.6 (2.9-17.7) and 9.4 (2.6-
15.7) ml/kg/min; Vss was 1.7 (0.8-4.8) and 1.9 (1.4-2.5) L/kg; T0.5 
was 2.6 (0.9-6.0) and 3.5 (1.8-6.5) h. [14

normalized to a dose of 0.1 mg/kg, was 35 (22-70) and 38 (16-70) 
ng*h/ml. Our results were in accordance with previous reported 
PK data of IV midazolam in stable ICU neonates and children (1-
3).

Our pilot data support dose linearity of an IV [14C]MDZ microdose 

variation in CYP3A activity due to age and severity of illness. 
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ABS-58538832
Proof of concept study with vorinostat in patients with 
resistant BRAFV600E mutated advanced melanoma 

Sanne C.F.A. Huijberts1, Liqin Wang1, Hilde Rosing1, Bastiaan 
Nuijen1, Jos H. Beijnen1,2, Rodrigo Leite de Oliveira1, Rene 
Bernards1,2, Jan H.M. Schellens1,2

1The Netherlands Cancer Institute, Amsterdam, the Netherlands. 
2Utrecht University, Utrecht, the Netherlands.

MEK-inhibitors (BRAFi; MEKi) in BRAFV600E mutant (BRAFm) 
melanoma is limited due to development of drug resistance after 
6-14 months of treatment, which is most often associated with 
emerging secondary mutations. (1, 2) Withholding of treatment 
with BRAFi and/or MEKi leads to a reversible hyperactivation of 
the MAPK pathway, causing a transient growth arrest and increase 
in Reactive Oxygen Species (ROS). Treatment of BRAFi and/or 
MEKi resistant melanoma with vorinostat, a histone deacetylase 
inhibitor (HDACi), leads to a further increase in ROS levels, 
effectively killing the BRAFi resistant cells. In vivo, switch from 
a BRAFi to vorinostat in BRAFi resistant BRAFm melanoma 
resulted in a decline in tumor volume. (3)  

Aims
The primary aim of this proof of concept study is to demonstrate 

treatment with vorinostat in advanced resistant BRAFm melanoma. 
Secondary aims are to detect emerging resistant clones with a 
secondary mutation in the MAPK pathway by ctDNA analysis, to 
assess whether such clones can be purged by temporary treatment 
with vorinostat and to explore the safety, pharmacokinetics (PK) 
and pharmacodynamics (PD) of this strategy. 

Methods
A total of 28 evaluable patients with resistant BRAFm melanoma 
will be enrolled in this phase I, two-stage, open-label study. 
Vorinostat will be given as a single daily dose of 360 mg 
derived from the registered dose for treatment of cutaneous 
T-cell lymphoma. Vorinostat will be administered continuously 
during 2 weeks upon progression to BRAFi/MEKi treatment. 
Blood and tumor biopsies will be taken to explore PK, PD and 
pharmacogenetics.

Results / Conclusions

of mutant clones and progression of BRAFi sensitive clones 
during vorinostat treatment. Importantly, biopsies showed newly 
developed secondary MAPK pathway mutations, e.g. NRASQ61H 
and KRASG12C

these resistant mutations after two weeks of vorinostat treatment. 
Based on these clinical results we postulate that BRAFi-resistant 
BRAFm melanoma cells can be eliminated by a short treatment 
with vorinostat due to killing of tumor cells harboring a secondary 

vitro experiments in human cell lines. The PK of vorinostat and 
metabolites are similar to literature data. No safety concerns 
were seen.(4) Patient enrolment is ongoing to investigate new 
treatment regimens with switching back and forth BRAFi and/or 
MEKi to vorinostat in this patient population guided by detection 
of resistant clones. Besides, we will closely monitor RAS and 
RAF mutations in patients by analysing ctDNA during treatment.  
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ABS-58453916
Number of ECG Replicates and QT Correction Formula 

Drugs 
H.E.C. van der Wall1,3, P. Gal1, M.J.B. Kemme1,2, G.J.P. van 
Westen3, J. Burggraaf*,1,3,4

1Centre for Human Drug Research, Leiden, the Netherlands, 
2VU Medical center, Department of Cardiology, Amsterdam, 
the Netherlands, 3Leiden Academic Centre for Drug Research, 
Leiden, the Netherlands, 4Leiden University Medical Center, 
Leiden, the Netherlands

QT interval assessment is a pivotal step in the development of 
novel compounds, but the thorough QT study is under debate. 
The present analysis evaluated the effect of the number of short 
term ECG replicates extracted from a continuous ECG recording 
on the assessment of the QT interval and the effect of different 
QT correction formulas.
 
Aims
The aim of the present analysis was to demonstrate the feasibility 
of a novel approach in which several epochs extracted from a 
continuous ECG recording were used to assess the compound’s 
effect on the QT interval. The optimal number of ECG epochs 
(replicates) required to asses this effect were investigated. In 
addition, different QT correction formulas were compared.

Methods
For one hundred healthy volunteers, who received a compound 
prolonging the QT interval, 18 ECG replicates within a 3 minute 
window were extracted from 12-lead Holter ECGs. Ten QT 
correction formulas were deployed and the QTc interval was 
controlled for baseline and placebo and averaged per dose level. 

Results / Conclusions
The mean prolongation difference was >4 ms for single and > 2 
ms for triplicate ECG measurements compared to the 18 ECG 
replicate mean value. The difference was <0.5ms (10 % of the 
safety limit) after 14 replicates. In contrast, concentration-effect 
analysis was independent of both the replicate number and 
correction formula.

ABS-59088105
Reconciling in vitro and in silico approaches for drug-induced 
liver injury prediction 

O.J.M. Béquignon1, S. Wink1, G.J.P. van Westen1, B. van de 
Water1

1Div. of Medical Chemistry, LACDR, Leiden University, Leiden, 
The Netherlands

Drug-induced liver injury (DILI) is one of the main reasons of 
drug attrition during clinical trials and of withdrawal from the 
market1

compounds a critical challenge. In silico hepatotoxicity prediction 
models make a cost-effective approach able to prioritize 
compounds for preclinical and clinical studies. Recent efforts 
have been made to create more accurate quantitative structure-
property relationships (QSPR) models relating hepatotoxicity to 
chemical structure features2–5. 

Aims
However, to this date only few have integrated in vitro data to 
their models6. This study aims at integrating in vitro activation 
signal of stress response pathways involved in DILI to 
standard molecular description of compounds to better identify 
substructures inducing hepatotoxicity. 

Methods
A library of 181 compounds was screened on previously 
established HepG2 BiP/Chop, BTG2/p21, HSPA1B, HMOX1/
SRXN1 and ICAM1 BAC GFP reporter cell lines. These cell 
lines are respectively associated with endoplasmic reticulum 
(ER) stress, DNA damage, heat shock, oxidative stress and 

was measured after 24, 48 and 72 hours after addition of the 
compounds (concentration ranging from 1 to 100 cmax). 
Additionally, propidium iodide (PI) and annexin V (AnxV) 
staining was performed to detect necrotic and apoptotic cells. 

7. 
GFP positive integrated signals above 1, 2, 3 and 4 times the 
median, as well as cmax, AnxV and PI values were used as 
descriptors of the compounds along with physicochemical 
descriptors of the compound structures.
Statistical models (Bayesian, Random Forests, Gradient Boosted 
Decision Trees) were applied to relate both in vitro derived data 
and molecular structure description to the FDA approved DILI 
annotation (Most, Less, No and Ambiguous DILI concern).

Results / Conclusions
The integration of both in silico and in vitro derived data are 
expected to increase predictive ability of models in comparison 
to models build only from one or the other and to previously 
established DILI prediction models. These results are expected 

compounds.
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ABS-59072693
A standardised framework to identify optimal animal models 
of disease in drug development 

G. S. Ferreira1, D. H. 1, W. P. C. Boon2, E. H. M. 
Moors2, H. Schellekens1, P. J. K. van Meer1,3

1Department of Pharmaceutics, Utrecht Institute for Pharmaceutical 
Sciences, Utrecht University, The Netherlands. 2Copernicus 
Institute of Sustainable Development, Innovation Studies, Utrecht 
University, The Netherlands. 3College ter Beoordeling van 
Geneesmiddelen (CBG), Utrecht, The Netherlands.

Background

contributor to costly and unnecessary attrition in clinical trials. 
However, only a few initiatives have focused on assessing 
the translational value of animal models of disease used to 

Aims
We developed a Framework to Identify Models of Disease 
(FIMD) to assess, validate and compare animal models used 

instructions on how to complete the framework, a weighting and 
scoring system, and adapted quality assessment parameters.

Methods
A literature search was performed to identify which parameters 
are necessary to consider an animal model validated. The results 
were analysed using thematic content analysis. A pilot study was 
conducted in 4 animal models and a web-based expert panel was 
organised to get input on the questionnaire.

Results / Conclusions
A total of 587 records were screened by title and abstract. 
Seventy-eight (78) records (59 of development or optimization 
of animal models and 19 reviews) met the inclusion criteria and 

validation parameters reported in the literature and questions 
were drafted for each of them: 

1) Epidemiological: related to age and sex;
2) Pathophysiological: related to symptoms, time to onset, 

disease duration and severity;
3) Genetic: related to genes, genetic alterations and expression;
4) Biochemical: related to biomarkers;
5) Aetiological: related to the aetiology;
6) Histological: related to the histopathology;
7) Pharmacological: related to the effect of drugs;
8) Endpoints: related to the endpoints of preclinical studies.

The pilot study included 4 models in two indications (mdx 
mouse and Golden Retriever Muscular Dystrophy (GRMD) dog 
for Duchenne Muscular Dystrophy (DMD) and Zucker Diabetic 
Fatty (ZDF) rat and db/db mouse for Type 2 Diabetes (T2D)). 
A weighting and scoring system was developed based on the 
different questions (i.e. aetiology or presence of well-established 

disease. Although in both indications the two models scored 
similarly, in DMD (mdx mouse - 67.04; GRMD dog - 66.78) this 

was due to the lack of data on the GRMD dog while in T2D (ZDF 
rat – 68.84 and db/db mouse – 67.54), it was indeed due to high 
similarity between the models. 

Figure 1: Radar graph showing the scores per parameter per 
model of DMD for weighting 2. The closer a parameter is to the 

human disease.
 

validity of animal models and their usefulness in translating 

especially those for which the pathophysiology is relatively 
well-understood. FIMD systematises the currently available 

and weaknesses of each model, allowing researchers to pick the 
appropriate model for the drug they are developing. Overall, 
FIMD is a novel approach to assess the external validity of 

the potential to prevent studies on non-relevant models.

References
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ABS-59068051
Fabrication of Kidney Tubes Using Tubular Electrospun 
Polycaprolactone Scaffolds

K. Jansen1, Aarts S1,2, M. Castilho Dias2, J. Malda2, T. Vermonden3, 
J. Jansen1, R. Masereeuw1

1Division of Pharmacology, UIPS, Utrecht University, Utrecht, 
The Netherlands; 2Department of Orthopedics, Utrecht UMC, 
Utrecht, The Netherlands; 3Division of Pharmaceutics, UIPS, 
Utrecht University, Utrecht, The Netherlands

The increasing prevalence of renal failure and shortage of donor 
organs call for alternative renal replacement therapies, as dialysis 
can only replace 20% of renal function. A major drawback is the 

which depends on active tubular secretion. Therefore, renal tissue 
constructs can make a valuable contribution to renal replacement 

Aims
Our aim was to fabricate tubular polycaprolactone (PCL) 
scaffolds that enable luminal epithelialization to mimic kidney 
tubes for the clearance of waste products.

Methods
Tubular scaffolds were fabricated by electrospinning 12-20% 
w/v PCL around 0.7 mm needle templates with 10-15 kV and 

and coated with 25 μg/ml collagen IV injections with or without 
prior L-DOPA coating. 10*106 cells/ml were injected twice and 
cultured for 3 weeks before experimental readout.
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Results / Conclusions
The fabricated PCL scaffolds were highly porous and consisted 

pattern. We observed viable cell monolayer formation inside the 
scaffolds, using mouse- or human-derived renal tubule epithelial 
cells, which appeared to be dependent on scaffold coating as well 
as polymer concentration and cell size. A luminal cell monolayer 
separates the inner and outer compartment and could therefore be 
used for renal clearance and toxicity studies, while biocompatibility 
leaves the door open for implantation purposes in the future.

ABS-59038456 
LRRK2 Modulates Mitochondrial Bioenergetics in Immune 
Cells

A. Oun1,2, A. Kortholt2, A. M. Dolga1

1Dept. of Molecular Pharmacology, Groningen Research Institute 
of Pharmacy, University of Groningen, The Netherlands; 2Dept. of 
Cell Biochemistry, Groningen Institute of Biomolecular Sciences 
& Biotechnology, University of Groningen, The Netherlands

Introduction
Mutations in the leucine-rich repeat kinase 2 (LRRK2) are the 
most common genetic cause of both familial and idiopathic cases 
of Parkinson's disease (PD). LRRK2 proteins are highly expressed 
in macrophages and microglia, the immune cells contributing 
to the innate immunity, a process that has been involved in PD 
pathogenesis (1). Furthermore, LRRK2 has been associated 
with a variety of cellular functions, including mitochondrial 
homeostasis and dynamics. However, the physiological function 
of LRRK2 and its role in PD are still elusive (2).

Aim
Investigation of the effect of LRRK2 on respiratory capacity of 
the mitochondria in immune cells, using murine macrophage 
cell line RAW264.7 expressing LRRK2 and one macrophage 
RAW264.7 cell line lacking LRRK2 expression. 

Methods
High resolution respirometry (Oroboros) was used to measure 
mitochondrial respiration, depicted as oxygen consumption 
in isolated mitochondria from LRRK2 parental RAW 264.7 
and LRRK2 KO RAW 264.7 cells using substrate-uncoupler-
inhibitor titration protocol. In addition, oxygen consumption rate 
(OCR) was measured in adherent LRRK2 parental RAW 264.7 
and LRRK2 KO RAW 264.7 cells with a XF24 Extracellular 
Flux Analyzer (Seahorse Bioscience, Billerica, MA, USA). 
Following measuring basal respiration, various compounds 

phenylhydrazone (FCCP), rotenone and antimycin A were 
sequentially injected to assess mitochondrial coupling of 
respiratory chain, maximal and non-mitochondrial oxygen 
consumption. OCR values were normalized to protein content in 
each well, determined with a BCA assay.

Results / Conclusions
Initial measurements in isolated mitochondria performed with 
the high resolution respirometry Oroboros system did not show 

LRRK2 parental and LRRK2 KO RAW 264.7 cells. 
However, analysis on whole cells using the Extracellular Flux 
Analyser Seahorse XF System, demonstrated that LRRK2 KO 
RAW 264.7 cells exhibit higher maximal mitochondrial respiration 
and increased spare capacity compared to LRRK2 parental RAW 
264.7 cells. These results indicate a better energy production in 
response to increased cellular stress in LRRK2 KO RAW 264.7 
cells, further proposing that LRRK2 has a crucial role in cellular 
adaptation to stress. Therefore, our initial results obtained on 
crude mitochondrial fraction might suggest that endogenous 
mitochondrial LRRK2 lack cytosolic co-factors needed for LRRK2 
to be active. Further investigation on the effect of LRRK2 mutants 

dynamics and on cellular response will be conducted.
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ABS-58554214
Validation of a systems biology derived urinary metabolite 
panel for prediction of albuminuria response to spironolactone 
therapy in type 2 diabetes 

S. Mulder1, H.J.L. Heerspink1, P. Perco2, T. Hankemeier3,  
R. Toto4, M. Pena1

1University Medical Center Groningen, 2Medical Univeristy of 
Innsbruck, 3Leiden University, 4UT Southwestern Medical Center

The mineralocorticoid receptor antagonist spironolactone 

kidney disease, albeit with a large between individual variability. 

urinary metabolites for prediction of albuminuria response to 
spironolactone therapy1.

Aims
Our aim is to validate this metabolite panel in an external cohort.

Methods
Data and samples were used from a randomized placebo 
controlled double blind clinical trial2. Patients with diabetes, 
hypertension, and albuminuria (urine albumin-to-creatinine ratio 

assigned to placebo (n=23) or spironolactone 25 mg/day (n=20) 
for 48 weeks. Urine samples were obtained at baseline, 24 and 48 
weeks, and LC-MS metabolomics measurements were performed 
on the baseline samples. We used leave-one-out cross-validated 
optimism corrected ridge regression to predict albuminuria 
response to spironolactone.
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Results / Conclusions
After 12 weeks of therapy, spironolactone reduced UACR relative to 
placebo by median -57%, with large variability (5th and 95th percentile 
-136% to +4%). A clear separation between the spironolactone and 
placebo arm was observed in the predicted treatment effect by the 
metabolite panel (Figure). The metabolite panel was able to predict 
albuminuria response to spironolactone (R2 = 0.30, p-value <0.01).
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ABS-57822463
Activated intestinal epithelial cells conditioned with 
2’-Fucosyllactose and CpG ODN might instruct moDC to 
drive Th1 differentiation  

Veronica Ayechu-Muruzabal1, Atanaska I. Kostadinova1,2, Saskia 
A. Overbeek1,2, Bernd Stahl2, Johan Garssen1,2, Belinda van’t 
Land2,3 and Linette E.M. Willemsen1 
1Division of Pharmacology, Utrecht Institute for Pharmaceutical 
Sciences, Utrecht University, The Netherlands. 2Nutricia Research, 
Utrecht, The Netherlands. 3Department of Paediatric Immunology, 
Wilhelmina Children’s Hospital, University Medical Center 
Utrecht, Utrecht, The Netherlands.

Introduction
Human milk is composed of diverse and complex oligosaccharides 
(HMOS). A mixture of short chain galacto- and long chain fructo-
oligosaccharides 9:1 (GF) mimicking some structural and functional 
capacities of HMOS previously showed to promote Th1 and 
regulatory type immune polarization in the presence of CpG in an in 
vitro co-culture model. In the current study, the immunomodulatory 
capacities of 2’-Fucosyllactose (2’FL) were compared to GF 
and to a 1:1 mixture of 2’FL and GF. Additionally, the ability of 
2’FL-exposed intestinal epithelial cells (IEC) to instruct immature 
monocyte derived dendritic cell (moDC) function was evaluated.

Methods
HT-29 cell line, grown in transwells and co-cultured with 
anti-CD3/CD28 activated peripheral blood mononuclear cells 
(PBMC), was apically exposed to 2’FL, GF or 2’FL/GF (0.25, 
0.5, or 1.0 w/v%) either or not combined with CpG ODN M362 
(0.5 uM). IEC were washed and co-cultured with moDC. moDC 
were then used in an allogeneic assay where their capacity to 
induce naïve CD4+ T-cell differentiation was evaluated.

Results
In presence of CpG, GF as well as 2’FL and 2’FL/GF enhanced 
IFN-gamma and IL-10 secretion of activated PBMC co-cultured 
with IEC compared to CpG alone (p<0.05), while IL-13 and 
IL-5 remained low. IEC-derived galectin-3, TGF-beta1 (both 
p<0.001), galectin-9 and galectin-4 (both p<0.05) of CpG-
exposed cells was further increased by GF, 2’FL and/or 2’FL/GF 
compared to CpG alone. Only moDC co-cultured with activated 
IEC conditioned with 2’FL and CpG increased IFN-gamma 
secretion by CD4+ T-cells (p<0.05).

Conclusion
These data imply that, similar to GF, exposure of IEC to 2’FL alone 
or 2’FL/GF combined with CpG polarize the immune response 
towards a Th1 and regulatory type. IEC-derived galectins might 
be involved in the immunomodulatory effects. moDC exposed 
to 2’FL and CpG-conditioned IEC instructed Th1 differentiation, 
suggesting that 2’FL can shape the adaptive immune response by 
affecting IEC function.

ABS- 59072962
Digital learning to improve safe and effective prescribing: a 
systematic review

Chiel (M.J.) Bakkum1,2, Jelle Tichelaar1,2, Anne Wellink1,2, Milan 
C. Richir1,2, Michiel A. van Agtmael1,2 
1)Amsterdam UMC, Vrije Universiteit Amsterdam, Department 
of Internal Medicine, section Pharmacotherapy, Amsterdam, 
The Netherlands. 2)RECIPE (Research and Expertise Center in 
Pharmacology Education), Amsterdam, The Netherlands

Recent literature shows that undergraduate prescribing education 
is often inadequate, leading to up to 10% potential hazardous 
prescribing error-rates in junior doctors, affecting 50% of all 
admitted clinical patients. Therefore, efforts are made to improve 
both undergraduate and graduate prescribing education. Digital 

designed digital learnings can be used extensively throughout a 
curriculum and may be distributed at no extra cost. Additionally, 
digital learning promotes active participation, placing the 
learner in charge of the timing and pace of his/her training. 

teaching busy practicing clinicians. Novel, multimedia-rich and 
interactive education is easily praised. However, one should not 
judge an (e-)book by its cover and much is still unknown about 
the effects of digital education. The aim of this review is to assess 
the effect of digital learning for prescribing practice and identify 
quality-indicators.

Methods
Databases (PubMed, Embase, CINAHL and ERIC) were searched 
for articles evaluating digital learning strategies for graduate and 
undergraduate prescribers (physicians, nurse-specialists, dentists 
and pharmacists). The Medical Education Research Study 
Quality Instrument (MERSQI) was used to assess study-quality. 
Outcomes were assessed on the basis of the Kirkpatrick-model. 

Results
A total of 56 articles was included in the analysis. Most were 
e-learnings (n=44), compared to few multimedia-streams 
(n=3) and simulations (n=3). The majority targeted physicians 
(n=36), 34 articles described postgraduate courses. The mean 
MERSQI was 11.2/18 (± 2.9). Highest Kirkpatrick outcome was 
level 1 (Reaction) for 9 and level 2 (Learning) for 17 articles, 
outcomes were mainly positive (21/26). 5 studies evaluating 
higher Kirkpatrick-levels showed mixed results. Qualitative 

were most appreciated. Technological issues (9) and extensive 
time-burden (3 articles) were negatively appraised. Examples 
of best practices include the multi-institutional UK SCRIPT 
(http://www.safeprescriber.org) and Dutch Pscribe (https://www.
pscribe.nl/enGB/Entrance/Home/Index).

Conclusion
Digital learning is well appreciated and appears to effectively 
create more awareness in appropriate prescribing. A learner-
centered approach and rich multimedia are among the most 
valued features of digital learning, whereas time-burden and 
technological issues should be avoided.  

ABS- 59066673
Appropriate antibiotic prescribing among European medical 
students  
Tim van der Voort1,2, David J. Brinkman1,2, Silvia Benemei3, 
Ylva Böttiger4, Bernard Chamontin5, Thierry Christiaens6, 
Robert Likic7 8, Toomas Marandi9, Emilia 
C. Monteiro10, Paraskevi Papaioannidou11, Yves M. Pers12, 
Caridad Pontes13, Aleksandar Raskovic14, Ralf Regenthal15, 
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13Department of Pharmacology, Autonomous University of 
Barcelona, Barcelona, Spain 14Department of Pharmacology, 
Toxicology and Clinical Pharmacology, University of Novi Sad, 
Novi Sad, Serbia 15Department of Clinical Pharmacology, Leipzig 
University, Leipzig, Germany 16School of Medicine, Universidad 
de La Laguna, Tenerife, Spain 17Faculty of Medicine, University 
of Manchester, Manchester, UK

Aims
Little is known about undergraduate education on antibiotic 
prescribing in Europe and even less about the antibiotic 
prescribing skills of nearly graduated medical students. The 
objectives of this cross-sectional study were to evaluate the 

Europe and the education they have received during medical 
training.

Methods

17 medical schools in 15 European countries were asked to 
prescribe for two written case reports of infectious disease 
(acute bronchitis and community acquired pneumonia [CAP]). 
The appropriateness of antimicrobial therapy was determined 
using a scoring form based on local guidelines. Teachers from 
each medical school were asked to complete a standardized 
questionnaire about the teaching and assessment of undergraduate 
education on antibiotic use.

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

* Therapy= total of newly prescribed drugs or no drug, and/or stopped co-
medication.

**  The subcategories displayed show the percentage of the total number of 
prescribing errors.

Results

assessment and 16 teachers (94.1%) the questionnaire. Overall, 
52.7% (range 26-83) of the 1.683 therapies prescribed were 
considered appropriate. The average number of contact hours 
for undergraduate education on antimicrobials was 25.6 (range 
2-90). Differences in education styles were found to have a 

based learning style being associated with more appropriate 
antimicrobial prescribing than a traditional learning style (46.0% 
vs. 22.9%, p<0.01).

Conclusions

year medical students in Europe lack prescribing skills for two 
common infectious diseases, possibly because of inadequate 
education on antibiotic use during medical training. To improve 
students’ skills, we should use more interactive teaching methods 
such as prescribing for simulated and real patients.
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ABS-59051330
The inter-professional student-led medication review program. 
 
M.Reumerman1,2, J.Tichelaar1,2, P.Domela Nieuwenhuis1,2, 
H.Daelmans3, H.Springer4, M.Muller5, M.Richir1,2, M.A.van 
Agtmael1,2

1Section pharmacotherapy, department of Internal Medicine, 
Amsterdam UMC. 2RECIPE (Research & Expertise Center 
In Pharmacotherapy Education), Amsterdam. 3VUmc School 
of Medical Sciences, Amsterdam. 4Hogeschool Inholland, 
Amsterdam. 5Geriatric medicine, department of Internal 
Medicine, Amsterdam UMC 

Rational prescribing and evaluating medication safety is a 
fundamental skill for every prescribing healthcare professional 
since most visits end with a prescription. Unfortunately, most 
graduated healthcare professionals make frequent prescribing 
errors and fail to review medication adequately. Inter-
professional collaboration between physician and (specialist) 
nurses or pharmacists could aid medication evaluation and 
improve medication safety. To prepare students for thir role in 
medication evaluation it is important to teach students to learn 
and work together during their curriculum, especially concerning 
the assessment of polypharmacy in geriatric patients. Therefore 
we started an context based inter-professional student-led 
medication review program (ISP). 

Aims
We aim to assess the clinical, educational and inter-professional 
outcomes of our ISP.

Methods
The (ISP) was integrated as part of the memory clinic within the 
center for geriatric medicine Amsterdam. Every week a variable 
team of bachelor and master medical students, pharmacy students, 
physician assistants or nurse practitioners students evaluated the 
medication of patients who visited this outpatient clinic. After 
taking the medication history (30 minutes), a medication review 
was performed, medication was assessed and the student team 
formed their medication advice. After a short meeting with a 
clinical pharmacologist, students pitched their medication advice 
in a multidisciplinary meeting and updated the electronic patient 
system. After the ISP pilot, the program was evaluated using 
a digital survey and all medication advices where analyzed on 
number of (applied) advices and medication categories involved.  

Results 
During the pilot 31 students participated in project. Most students 
had never participated in an inter-professional setting, had never 
taken a medication history or had conducted a medication review 
in a real patient. During the 24 visits the students reviewed 
155 medications and formed 62 medication advices. In total 
51 advices (82%) were directly applied in clinical practice. 
Medication advice were predominantly given on vitamin 
supplementation, (starting or discontinuing) gastric protection 
and antihypertensive medication, stopping strong anticholinergic 
drugs and long acting benzodiazepines. Students valued the ISP-
pilot with a 7.7 (1-10 min/max), found it educational 4.5 (1-5 
min/max), and thought it would contribute to their future inter-
professional relationships. Additionally most students found 
getting insight into the different perspectives and qualities of 
their inter-professional colleagues most interesting. 

Conclusions
The ISP is an innovative healthcare improvement for (academic) 
hospitals. Most formulated advices were directly incorporated in 
daily practice and could prevent future medication related harm. 

inter-professional manner and get insight into the perspectives 
and qualities of their future colleagues. An intervention study to 

follow.

ABS- 58583069
Assessment and improvement of hospital pharmacy technician 
skills. How do you test and improve the level of your team of 
healthcare professionals?

Elke Brouwers, Monique Boekema, Lianne Lammers-Nijssen 
Yfke van Midloo
Diakonessenhuis Utrecht/Zeist/Doorn, the Netherlands

Background
The role of hospital pharmacy technicians is of great importance. 

the doctor prescribes. If they have given their agreement to a 
medication order, the logistic chain starts and the medicine is 
delivered to the nurse. An error in the processing of medication 

of care. In recent years, we have been working to assess and to 
improve the level of knowledge of pharmacy technicians in the 

Methods
At the start of the project in 2014, a test was used to assess the 
pharmacy technicians’ skills in verifying and processing hospital 
prescriptions. The results of this test and subsequent individual 
interviews were used as a reference to set up interventions on 
both group and individual level.
Thereafter, the selected interventions were started. Interventions 
offered to the complete team were a classroom evaluation of 
the test, extra training courses on clinical subjects and casuistry 
discussions. Besides, an individual buddy programme was 
started. In the buddy programme technicians with low grades 
were supervised and coached by high graded technicians. 
Moreover, the technician in the buddy programme received 
individual sessions with the pharmacist. Technicians in the buddy 
programme repeated the test periodically until a satisfactory 
result was achieved.
After two years, the complete team of technicians was subjected 
to a new test to determine the effect of the interventions.

Outcome
The initial level of knowledge of pharmacy technicians turned 
out to be very diverse. Scores ranged from 2.8 to 8.8 on a scale 
from 0-10. In two years, the interventions improved the test 
results vastly. The team average increased from 6.4 in 2014 to 

was also visible in the way pharmacy technicians communicated 
with pharmacist and doctor. Besides, the pharmacy technicians 
showed more uniformity in the way they carried out their work. 
The buddy programme ensured that the testresults of pharmacy 

Conclusion
This project shows that ongoing training and attention can 

of pharmacy technicians. The test is repeated every two years. 
When assessing new test results it is checked whether or not the 
follow-up program needs to be adjusted. The outpatient pharmacy 
of the Diakonessenhuis is now also using a test to identify group 
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and individual points of attention. In addition, the test is now 

medication orders. The format used in this project can be used 
in various groups of health care providers such as nurses. It can 
thereby improve the quality and safety of healthcare enormously.

ABS-58443354

Building a Bridge between Daily Practice and Research

Leàn Rolfes1, Karin Hek2, Linda Flinterman2, Robert Verheij2, 
Liset van Dijk2, Eugene van Puijenbroek1

1.Netherlands Pharmacovigilance Centre Lareb, 2.NIVEL, 
Netherlands Institute for Health Services Research

Introduction

marketing phase is important for a safe and effective treatment 
of patients. The aim of this project is to create an infrastructure 
in which data from the patient’s electronic health records from 
general practitioners (GPs) can be linked to patient reported 
outcomes (PROs) about their perspective of the effect and 
adverse drug reactions (ADRs) of medicines. In this way 
information about (cost)effectiveness and ADRs of medicines 
can be acquired. The system is designed to be applied to any new 
medication on the market and has several advantages above more 
traditional monitoring instruments like larger cohorts, longer 
follow-up, and a real life setting.

Objective
To evaluate the feasibility of acquiring real world data to monitor 
the (cost)effectiveness and ADRs of medicines.

Methods
For this pilot study, two GP practices in the Netherlands were 
included. Patients with an overactive bladder (OAB) were used 
as a use case. OAB patients were selected from electronic health 
records from the two GPs as obtained in the Nivel Primary Care 
Database. The GP indicated whether the patient was suitable to 
be included in the monitor.

PROs were obtained by an electronic questionnaire, using the 
Lareb Intensive Monitoring system. Questions were posed 
about patient characteristics, bladder complaints, treatment 
(physiotherapeutic interventions and medicines), ADRs, therapy 
compliance, and quality of life.

Results
109 OAB patients were selected from the electronic health 
records. After revision by the GPs, an invitation to contribute 
to the monitor was send to 82 (75%) patients. Reasons for 
excluding patients were: patient cannot work with a computer 

questionnaire (10x), patient in hospital (3x), patient died/moved 
(2x). GPs were enthusiastic about the method.

was 63 years (38-79 years) and it concerned 14 women. Patients 
reported an average score of 4.0 for urogenital complaints, on a 
scale from 1 (none) to 10 (very much). Eleven patients received 
physiotherapeutic interventions and 5 received medicines to treat 
the OAB. Of these, 3 patients mentioned that they experience 
ADRs; dry mouth (3x), dry eyes (1x) and dry vagina (1x). The 

scale from 1 (none) to 10 (very much). These data indicate that 
patients are willing and able to give proper information about 
the effect and ADRs of their OAB treatment. After analysis, the 

wording of some questions was revised to make the question 
clearer.

Conclusion

practice have been included, providing clear information about 
their perspective of the effect and ADRs of their treatment. A 
next step is to expand the registry to a greater number of patients 
and to develop an automatic feedback module. This concerns 
individualized feedback for patients which will give them 
insight in their own situation. In addition, there will be feedback 
for patients and GPs to get a general insight in the patient’s 
perspectives of effects and risk of medicines. This could result 
in better treatment, tailored to patients’ needs and experiences. 

ABS-58369652
Analysis of approval times of anticancer drugs between 2010-
2017
 
F. Scarpisi, A. Zwiers
Zwiers Regulatory Consultancy, Oss, The Netherlands

marketing authorisation approvals (MAA) of anticancer drugs in 
the EU. Previously, Hartmann et al published a study in which 
they analysed anticancer products which were approved between 
2006 and 2011 with regard to approval processes, success rate 
and time. In the present study, we performed a comparable 
analysis over the period 2010-2017 to further investigate which 
factors have an impact on the approval time and compare this to 
the previous data from Hartmann et al.

Aim

applications for anticancer drugs in the EU and highlight 
the differences among them based on biological properties, 
therapeutic indication, the restrictions of the authorisation 
(conditional marketing authorisation) and the regulatory review 
type (accelerated assessment).

Methods
For this analysis, the European Public Assessment Reports 
(EPARs) were taken from the website of the European Medicines 
Agency (EMA) and used to assess the time required for the 
approval of anticancer drugs between 2010-2017. We evaluated 
the approval review time by considering the span between the 

and the achievement of the positive opinion by the Committee 
for Medicinal Products for Human Use (CHMP). Only drugs 
approved in that time frame were analysed for different aspects 
of the process, such as time of approval, restrictions of the 
authorisation (conditional marketing authorisation), review type 
(accelerated vs normal), type of indication, biological properties 
class and designation (Orphan Designation, OD). Anticancer 
drugs with “no special status” were analysed and compared 
with the ones which had a special status (conditional marketing 
authorisation and / or accelerated assessment). Furthermore,  the 
median approval review time of anticancer drugs of this study 
(years 2010-2017) has been compared to the outcome of the 
previous study (years 2006-2010)

Results / Conclusions
A total of 65 anticancer drugs were included in the database. 
Around 50% of the drugs were for the indications blood cancer 
(12,31%), skin cancer (18,46%) and leukaemia (21,54%). Within 
these three groups it was analysed if the time to positive CHMP 
opinion decreased in time, but this was not the case. Also, 
approximately 50% of anticancer drugs (23 small molecules and 
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11 biologicals) which obtained a positive CHMP opinion in this 
period did not have a special status. For this group of anticancer 
drugs the time to positive CHMP approval remains steady over 
the period 2010-2017. The median time to CHMP approval is 
365 days which is slightly more than the default time of 330 days 
(210 days, 90 +30 days clock stops).

The anticancer drugs without special status were compared 
with the anticancer drugs with a special status. Statistical 

for the accelerated review (small molecules and biologicals). 
However, small molecules with a conditional approval status had 

compared to anticancer drugs with no special status. Products 
which lost their accelerated assessment status during review had 
the same time to positive opinion as products with no special 

the time to positive CHMP opinion.  

The comparison of the information in our database with Hartmann 
et al revealed that the time to a positive CHMP opinion for 
accelerated assessment and orphan drugs decreased respectively 
from 9 to 7,4 months and from 13,1 to 12,1 months.

References 
 Hartmann M, Mayer-Nicolai C, Pfaff O: Approval probabilities and 

regulatory review patterns for anticancer drugs in the European Union. 
Critical Reviews in Oncology/ Hematology 87 (2013) 112-121. 

ABS-58307759
Geriatric Regulation; can we do without? 

E. Charitou, L. Vromans, A. Zwiers
Zwiers Regulatory Consultancy, Oss, The Netherlands

Older people, the fastest growing population group in Europe, 
are the main users of medicines1. At the same time, development 
of medication to treat the geriatric patients requires special 

patient population (different PK, multi-morbidity and frailty). 
To properly address those differences with potential impact 

clinical programs to support adequate testing in older patients. 
To this end, EMA introduced in 2011 its Geriatric Medication 
Strategy (GMS), to facilitate the development, evaluation and 
safety monitoring of medicine for older people2. 

Aims
The aim of this study was to assess the effectiveness of EMA’s 

to evaluate whether medication for older patients will continue 
to be developed under the current GMS, without the need for a 
“Geriatric Regulation” in the future. 

Methods
We investigated the development process for medicines approved 
by Centralized Procedure either before 2011 or after 2013 (a year 

SmPCs and EPARs. We chose therapeutic areas either typically 
geriatric or with higher prevalence amongst the elderly (see 
Table). We set 3 major research questions, referring to (i) elderly 
representation in Clinical Trials (CTs), (ii) adequacy of safety 
information for the geriatric population and (iii) existence of 

medicine administration for the older patients.  
 
 

Results / Conclusions

development in the two periods studied. Older patients were 
under-represented in CTs, including studies to evaluate the 
safe use of medication by this patient population. We further 

for pharmaceutical forms to ease medicine administration 

introduction of EMA’s GMS, medicine developers have failed 
to abide by the standards set in it. Lack of improvement could 
revive the call for a “Geriatric Regulation”.

References
1. Eurostat, http://ec.europa.eu/eurostat/statistics-explained/
 index.php/Medicine_use_statistics 
2.  EMA geriatric medicines strategy, http://www.ema.europa.eu/docs/en_GB/

document_library/Other/2011/02/WC500102291.pdf 

ABS- 58307431
Old medicines, new indications

M. Garsen, K. Ruijtenbeek, A. Zwiers
Zwiers Regulatory Consultancy, Oss, the Netherlands

Pharmaceutical companies are constantly looking for cost-
effective and reduced-risk strategies for developing drugs. Drug 

uses for already known drugs and/or developing different 
formulations for the same drug, has several advantages over the 
traditional drug development process: it is faster, the success rate 
is higher and the costs are lower. However, not much is known 
about the (dossier) requirements of repurposed drugs. Only 
limited (preclinical) guidance is available.

Aim

authorization applications for repurposed drugs in the European 
Union. 

Methods
Repurposed drugs authorized in the period 2000-2017 were 
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search items in the databases of the European Medicines Agency 
(EMA) and the Heads of Medicines Agency (HMA). Public 
assessment reports (PARs) of applications with an article 8(3) 
full-mixed dossier as a legal basis were selected. Next, we 
evaluated whether the applicants performed their own (pre)
clinical studies and/or used data from the literature to substitute 
some part of the (pre)clinical dossier. 

Results / Conclusions
40 PARs of repurposed drugs using an article 8(3) full-mixed 

formulation, 7 for a product with a new indication and 5 for a 
product with both a new formulation and a new indication.

For preclinical studies, all applicants used data from the 
literature. Moreover, 75% of the applicants for a new indication 
and 91% of the applicants for a new formulation performed at 
least one preclinical study. These studies were most often own 
pharmacokinetics, single- and repeat dose toxicity and local 
tolerance studies, which are according to the guideline on non-
clinical documentation for mixed marketing authorization 
applications normally not necessary. In contrast, only a minority 
of the applicants performed own reproductive toxicity and 
genotoxicity studies, which are required according to this 
guideline. 

For clinical studies, all applicants for a new indication and 
93% of the applicants for a new formulation used data from 
the literature. Moreover, all applicants performed at least one 
clinical study. 75% of the applicants for a new indication 
and 80% of the applicants for a new formulation performed 
own pharmacokinetics studies. Applications without own 
pharmacokinetics studies were for products with a low 
systemic exposure. None of the applicants for a new indication 
and 21% of the applicants for a new formulation performed 
own pharmacodynamics studies. According to the reviewers, 

available from the literature. Finally, all applicants performed 

studies, of which 1-3 were regarded pivotal, and applicants for 
a new formulation performed on average 1-3 clinical safety and 

Together, our results show that for drug repurposing additional 
studies are always required. Although preclinical guidance is 
available, the characteristics of the drug and the availability 
of literature determine the preclinical study program. Clinical 

than one.

ABS-58304427
Drug registration in emerging countries: Opportunities and 
Challenges in BRICS countries
 
J. ter Horst, B. Breedveld, A. Zwiers
Zwiers Regulatory Consultancy, Oss, The Netherlands

BRICS (Brazil, Russia, India, China and South Africa) are 
promising emerging markets based on their size, demographics, 
level of economic growth, and desire to improve health care and 
life expectancy. Together, the BRICS countries represent 41% of 
the global population, 26% of the world’s land territory and 22% 

pattern in the developed markets early access of new medicinal 
products in the BRICS countries is of interest for pharmaceutical 
companies.  

Aims
To describe the possible strategies for a global submission of 

requirements in the BRICS countries and how can these be 
integrated into one global submission.  

Methods
Several local guidelines were used to examine the clinical and 
regulatory framework for clinical trial applications (CTA) and 
marketing authorization applications (MAA). 

Results / Conclusions
In general, there are several challenges to integrate BRICS 
countries into one global submission, such as translation to 

meetings, changing regulatory environment and the requirement 
of local clinical trials. 

In China and Russia local clinical trials are required, while 
in Brazil and South Africa no local clinical trials need to be 
performed. In general, India does not require local clinical trials 
but this can differ per type of products and change in guidelines. 
When applying for a clinical trial in China the approval can take 
up to 22 months, however, this could be reduced in the future as 
major reforms are taking place at this moment2.

After global submission it is also a challenge to achieve 
simultaneous marketing approval because the average approval 
time is around 1,5 years. In Russia and China it can even take 
2 years and in South Africa 4 years due to huge back logs at 
the health authorities. In addition, for MA approval in Brazil a 

origin is needed. 

In conclusion, when aiming for a global submission of new 
pharmaceuticals, companies should include Russia and China as 
clinical sites for Phase III studies in addition to studies performed 
in Europe, Japan and the USA. The big challenge here are 
changes in timelines due to delays in the start of these studies 
and the ever changing local regulatory environment.  Especially 
in Russia and China which might delay or improve CTA approval 
times, respectively. Because Brazil, India and South Africa do 
not require local clinical trials the marketing authorization 
application can be submitted at the same time as in Europe, Japan 
and the USA. 

References
1. C. Handford & V. Benton. Current challenges in drug registration in the 

BRICS region. Regulatory Rapporteur, Vol. 14: 7/8. 2017
2. B. Wang & A. Davidson. An overview of major reforms in China’s 

regulatory environment. Regulatory Rapporteur, Vol. 14: 7/8. 2017
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ABS-59087662
Revealing the activation mechanism of human adenosine A2A 
receptor by non-ribose ligands

T. Amelia1, M. Falsini2, E.B. Lenselink1, G.J.P. van Westen1, D. 
van der Es1, A.P. IJzerman1

1Division of Drug Discovery and Safety, LACDR, Leiden 
University, Leiden, the Netherlands; 2Department of 
Neuroscience, Pharmaceutical and Neutraceutical Section, 
University of Florence, Italy

The human adenosine A2A receptor (hA2AAR) plays an important 
role in cell regulation and has been a model receptor to study 
the mechanism and new approaches of drug development for 

infusion1,2. The ribose group present in the endogenous agonist, 
adenosine, has been considered essential for activation of 
the receptor3. However, it was revealed that some non-ribose 
ligands also have agonist activity against hA2AAR, albeit with 

4,5. As the structural 
determinants involved in the activation mechanism of the 
hA2AAR are largely unknown, the design and synthesis of a series 
of compounds based on a non-ribose agonist, 2-((1H-imidazol-
2-yl)methylthio)-6-amino-4-phenylpyridine-3,5-dicarbonitrile 
(LUF5833), was undertaken.

Aim
The aim of this study is to synthesize and evaluate various 
derivatives of LUF5833 in order to understand the importance of 
structural determinants in the activation of the hA2AAR.

Methods
The non-ribose partial agonist LUF5833 in the recently obtained 
hA2AAR crystal structure became a starting point for the design 

5’ position of the scaffold (1-6) to probe the effect on receptor 
activation. In parallel, computational studies are conducted using 
the crystal structure of hA2AAR to analyze the putative binding 
mode of these ligands. 

Results
The derivatives with scaffold 1-3 and 5-6 were successfully 

to adenosine receptors. The data revealed that the presence and 
position of cyano group are important for its interaction and 
selectivity to adenosine receptors.

References
1. Fredholm, B. B., AP, I. J., Jacobson, K. A., Klotz, K. N. & Linden, J. 

Pharmacol Rev 53, 527-552 (2001).
2. McColl, S. R. et al. FASEB J 20, 187-189 (2006).
3. de Lera Ruiz, M., Lim, Y. H. & Zheng, J. J Med Chem 57, 3623-3650 

(2014).
4. Guo, D., Mulder-Krieger, T., IJzerman, A. P. & Heitman, L. H. 

B.J.Pharmacol. 166, 14 (2012).
5. Lane, J. R. et al. Mol.Pharmacol. 81, 13 (2012).

ABS-59080470
A bidirectional photo-antagonist toolbox for histamine H3 
receptor photopharmacology

N.J. Hauwert, T.A.M. Mocking, D. Da Costa Pereira, A.J. 
Kooistra, L.M. Wijnen, G.C.M. Vreeker, E.W.E. Verweij, A.H. 
de Boer, M.J. Smit, C. De Graaf, H.F. Vischer, I.J.P. de Esch, M. 
Wijtmans, R. Leurs
Division of Medicinal Chemistry, Amsterdam Institute for 
Molecules, Medicines and Systems, Vrije Universiteit Amsterdam, 
Amsterdam, The Netherlands

Histamine receptors are G protein-coupled receptors which are 
key regulators of a plethora of pathophysiological processes 

H3 receptor (H3R) is highly expressed in the central nervous 
system (CNS). It modulates the release of histamine and of 

target in diseases such as obesity, narcolepsy, Alzheimer’s 
and ADHD.[1] Despite advances in H3R medicinal chemistry 
and pharmacology, the complex H3R signaling is still poorly 

molecules enabling temporal and spatial control of signaling. 

Methods
Photoswitchable ligands were synthesized and photochemically 
characterized, after which they were evaluated using radioligand 
competition binding experiments on the hH3R. The ligands were 
further optimized in an iterative cycle to obtain the maximum 

Results / Conclusions
We have developed molecules which have the ability to reversibly 
switch 
of azobenzene-containing ligands has been prepared by 3 to 5-step 
syntheses and characterized for both their photochemistry (NMR, 
LC-MS, UV-Vis) and pharmacology. We will present our key 
compounds VUF14862 and VUF14738 which represent a highly 
complementary bidirectional photo-antagonist toolbox. These 
key compounds show more than 10-fold decrease or increase, 
respectively, in H3
ultimately allow dynamic regulation of H3R in Xenopus oocytes. 
These photopharmacological tools can be of aid in spatiotemporal 
studies to dissect the complex signaling cascade of H3R.

References
1. Leurs et al., Nat. Rev. Drug. Discov., 2005, 4, 107-120
2. Hauwert et al., J. Am. Chem. Soc., 2018, 140, 4232-4243

ABS-59056891
Carcinogenic mutations behind the wheel of data-driven 
drug design

Lindsey Burggraaff1, Marina Gorostiola González1, Herman W.T. 
van Vlijmen2, Adriaan P. IJzerman1, Gerard J.P. van Westen1

1Division of Drug Discovery & Safety, Leiden Academic Centre 
for Drug Research, Leiden University, Einsteinweg 55, 2333 CC, 
Leiden, The Netherlands; 2Janssen Research & Development, 
Turnhoutseweg 30, 2340 Beerse, Belgium

Cancer is caused by mutations in genes that lead to 
underexpression, overexpression, or malfunction of proteins.1 
The genetic changes result in tumor growth and cancer 
metastasis. Multiple treatments have been developed to combat 
these carcinogenic processes. Unfortunately, many patients still 
suffer from drug resistance and side effects caused by the therapy 
as healthy tissue is destroyed in the process. 
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Aims
We propose a data-driven method that can be used to detect 
targetable mutations in the treatment of cancer. Here, we focused 
on mutations present in binding pocket(s) of kinases. By targeting 
common binding pocket mutations, we can selectively target 
cancer cells without harming the healthy cells. Furthermore, 
binding interactions with mutations that are the underlying cause 
of drug resistance can be circumvented when designing new drugs 
targeted at these proteins. The concept is applied to protein kinases 
as a case study. 

Methods
Mutations were selected that may be targeted with small molecules 
based on frequencies of mutations located in orthosteric and 
allosteric binding pockets.2,3 Kinases were ranked for importance 
based on their position in the PhosphoAtlas4 network. As a result 
we derived a kinase mutation list ranked by kinase importance 
in cancer and mutation frequency in patients. The top ranked 
mutations included well studied kinase mutations in the context 
of cancer such as BRAF V600E and EGFR L858R/T790M. This 
substantiated that the method can detect important carcinogenic 
mutations. We then examined less studied, but highly ranked 
mutations. Mutations were assessed on their binding pocket 
environment and their potential effect on ligand binding. We 
selected the following mutations for follow up with molecular 
dynamics and free energy perturbation: AKT1 E17K and MET 
V1092I, to analyze stability and effect of the mutation. MET 
V1092I was further investigated using docking to detect small 

Results / Conclusions
With our data-driven approach we selected relevant mutations in 
binding pockets of kinases. The AKT1 E17K mutation introduced 
instability compared to the wild type variant. However, MET 
V1092I can potentially be targeted with small molecules in the 
context of cancer. We suggest that by designing compounds that 

cancer cells over healthy cells; a MET inhibitor with increased 
activity for the V1092I mutant over the wild type variant was 
already reported previously.5 In conclusion, we showed that 
our methodology, which makes use of PhospoAtlas to rank the 
importance of mutations, could be used to detect druggable 
mutations in the context of cancer.

References
1. Fearon and Vogelstein (1990) A genetic model for colorectal tumorigenesis. 

Cell (61); 759–767.
2. Cerami et al. (2012) The cBio Cancer Genomics Portal: An Open Platform for 

Exploring Multidimensional Cancer Genomics Data. Cancer Discovery (2); 401.
3. H.M. Berman et al. (2003) Announcing the worldwide Protein Data Bank. 

Nature Structural Biology (10) (12); 980.
4. Olow et al. (2016) An Atlas of the Human Kinome Reveals the Mutational 

Landscape Underlying Dysregulated Phosphorylation Cascades in Cancer. 
Cancer Research (76) (7); 1733-1745.

5. Bellon et al. (2008) c-Met inhibitors with novel binding mode show activity 
against several hereditary papillary renal cell carcinoma-related mutations. 
J. Biol. Chem. (283); 2675-2683.

ABS-59024071
Synthesis of Highly Substituted 1,3-oxazinan-2-one derivatives 
via Ugi Reaction 
 
Jingyao Li1, V. D. Lorenzo1, Pravin Patil1, Alexander Dömling1

1Dept. of Drug Design, University of Groningen, Groningen, The 
Netherlands

1,3-Oxazinan-2-one derivatives are very potent heterocyclic 
compounds with remarkable  biochemical activities and 

widely used in drug discovery. Herein, we introduce a 2 steps 
synthesis of 1,3-oxazinan-2-one derivatives which have at least 
4 substitutions with high yields using multicomponent reaction 
chemistry.

Aims
There are many synthetic routes to 1,3-oxazinan-2-ones. Most of 
them involve phosgene or its derivatives, alkyl halide chemistry 
and isocyanate compounds. Other procedures require complex 

However, these synthetic routes have several drawbacks such as 
harsh conditions, low yields due to multiple steps and limited 
substitution pattern and diversity. Therefore, developing a novel 
approach toward multi-substituted 1,3-Oxazinan-2-ones in high 
yields is indeed necessary.

Methods
In order to allow for the fast and diverse assembly of 1,3-oxazinan-
2-ones we envisioned a multicomponent Ugi approach followed 
by a cyclization. Here we focus on the Ugi-tetrazole reaction 
which in this context delivers a secondary amine moiety as 
part of the 1,3-oxazinan-2-one design. We use aldehydes with 

conditions, with only 1.5 equivalent of CDI at room temperature 
in DCM for 3 hours, we obtained an excellent yield of 98%. 
We next examined the scope of 1,3-oxazinan-2-ones in various 
Ugi-tetrazole products. The reactions performed moderate to 
good yields in the Ugi-tetrazole reactions as well as cyclizations 
and was compatible with diverse substrates under optimized 
condition.

Results / Conclusions

literature on the synthesis of 1,3-oxazinan-2-one derivatives. The 
large scale amenable building blocks can be further substituted 
at up to four positions, making this a very versatile scaffold 

for novel building block design and nontraditional scaffolds 
which previously were not accessible.

ABS-58634741
Discovery of unprecedented aspartic-protease inhibitors with 
applications in Alzheimer and other diseases
 
M. Konstantinidou1*, F. Sutanto1, F. Magari2, M.Y. Ünver3, V.R. 
Jumde3,4, A.K.H. Hirsch3,4, G. Klebe2, A. Dömling1

1Group of Drug Design, Groningen Research Institute of 
Pharmacy, University of Groningen, A. Deusinglaan 1, 9713 AV, 
Groningen, the Netherlands, 2Department of Pharmaceutical 
Chemistry, Philipps University Marburg, Marbacher Weg 6, 
35032 Marburg, Germany, 3Stratingh Institute for Chemistry, 
University of Groningen, Nijenborgh 7, 9747 AG Groningen, The 
Netherlands, 4Helmholtz Institute for Pharmaceutical Research 
Saarland (HIPS) - Helmholtz Centre for Infection Research 
(HZI), Department of Drug Design and Optimization, 66123, 
Saarbrücken, Germany 

* Correspondence: M.Konstantinidou@rug.nl 
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plasmepsins. The common structural feature in these proteins, 
are the two aspartic acid residues in the active site, which form 
the catalytic dyad. Various warheads have been studied for 
interacting either directly with the catalytic dyad of aspartic acids 
or indirectly mimicking the tetrahedral intermediate.

Aims
Here we focus on endothiapepsin, a pepsin-like aspartic protease 
that has been studied excessively as a model enzyme both for 
elucidating the catalytic mechanism [a] and also in the clinical 
development of renin [b] [c]. In order to 
target the catalytic dyad in the active site, we designed a novel 
multicomponent reaction (MCR) scaffold [d] with the potential to 
interact with both acidic residues.

Methods
A small library of derivatives was synthesized with a straight-
forward two-step synthesis and was biologically evaluated 
with two orthogonal methods. The initial hits were optimized 
by enumerating and docking virtual libraries. A series of new 
derivatives was then synthesized. 

Results / Conclusions
Results from an activity assay indicated that most of the 
derivatives were active and co-crystal structures with 
endothiapepsin supported the design of the scaffold. 

References
1. Coates et al. J Am. Chem. Soc. 2008, 130(23), 7235-37
2. Veerapandian et al. J. Mol. Biol. 1990, 216(4), 1017-29
3.  Geschwinder et al. J. Med. Chem. 2007, 50(24), 5903-11
4.  Patil et al. Synthesis 2016, 48(08), 1122-30  
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ABS-58630606
Multi Component Reactions: Development of Covalent 
Inhibitors
 
F. Sutanto1, A. Dömling1

1Dept. of Drug Design,University of Groningen, Groningen, The 
Netherlands

Covalent inhibitors play important role in drug discovery 
and therapeutics. About 30% of marketed drugs are covalent 
inhibitors, ranging from obesity to cancer.1 The toxicity of 
covalent inhibitors is a major concern, but the advantages 
provided by them offer a large opportunity of exploring them 
even further. There are different warheads that act as covalent 

Multi-component reaction is a powerful tool that can be used to 
synthesize covalent inhibitors. 

Aims

using multi-component reactions, a Michael acceptor that 
binds covalently towards cysteine. Our aim is to utilize multi-
component reactions (MCRs) to synthesize covalent inhibitors.

Methods
Covalent inhibitors were synthesized through MCRs chemistry. 
The products were classical Ugi-4CR3, Azido-Ugi 4CR3, 
Passerini-3CR3, Gewald4, imidazole5, and hydantoin scaffolds. 
The synthesized compounds were characterized through LC-MS, 
and H1-NMR and C13-NMR. 

Results / Conclusions
Multi-Component reactions are a powerful tools that can be used 
to synthesized different scaffolds of covalent inhibitors. More 
covalent inhibitors can be synthesized through different types of 
MCR chemistry and shall be done in the future work. 

References
1. A. R. Bauer, Drug Discov. Today. 2015, 20, 1061-1073.
2. S. D. Cesco, J. Kurian, C. Dufresne, A.K. Mittermaier, N. Moitessier, Eur. 

J. Med. Chem. 2017, 138, 96-114.
3. Dömling, A., Ugi, I. Multicomponent Reactions with Isocyanides. Angew. 

Chem. Int. Ed. (English), 2000, 39, 3168–3210.
4. Y. Huang, A. Dömling. The Gewald Multicomponent Reaction. Mol 

Divers. 2011, 15, 3-33.
5. C. Zhang, E. J. Moran, T. F. Woiwode, K. M. Short, A. M. M. Mjalli. 

ketoamides on Wang resin. Tetrahedron Lett. 1996, 37, 751-754.
6. H. Bienaymé, K. Bouzid. A New Heterocyclic Multicomponent Reaction 

For the Combinatorial Synthesis of Fused 3-Aminoimidazoles. Angew. 
Chem., Intl. Ed. 1998, 37, 2234-2237.

ABS-58562945
RNA-Sequencing of tumor-educated platelets, a novel 
biomarker for blood based sarcoma diagnostics.

K.M. Heinhuis1, S.G.J.G. In ’t Veld2,3, G. Dwarshuis2,3, D. van 
den Broek4, N. Sol3,5, M.G. Best2,3,6, A. Koenen7, W. van Houdt7, 
F. van Coevorden7, R.L.M. Haas8, T. Wurdinger2,3, N. Steeghs1.
1Dept. of Medical Oncology and Clinical Pharmacology, the 
Netherlands Cancer Institute, The Netherlands. 2Dept. of 
Neurosurgery , VU University Medical Center, Cancer Center 
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Amsterdam, VU University Medical Center, Cancer Center 
Amsterdam, Amsterdam, The Netherlands. 4Dept. of Laboratory 
Medicine, the Netherlands Cancer Institute, Amsterdam, The 
Netherlands. 5Dept. of Neurology, VU University Medical Center, 
Cancer Center Amsterdam, Amsterdam, The Netherlands. 6Dept. 
of Pathology, VU University Medical Center, Cancer Center 
Amsterdam, Amsterdam, The Netherlands. 7Dept. of Surgical 
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Netherlands. 8Dept. of Radiotherapy, the Netherlands Cancer 
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Sarcoma is a rare and heterogeneous group of malignancies 
arising from soft tissues. The potential of development of 
metastases is high and methods for early diagnostics are poor. 
Blood-based liquid biopsies may overcome this clinical problem. 
Recently, it has been shown that platelets play a major role in 
tumor microenvironment. Tumor-educated platelets (TEP) can 

in response to external stimuli. This leads to a highly dynamic 
mRNA repertoire with potential applicability for cancer 
diagnostics1,2.

Aim
To evaluate the potential of TEPs for blood-based diagnostics 
and monitoring of patients with sarcoma. 

Methods
Sarcoma patients with current disease and former sarcoma 
patients (cancer free for at least 3 years) were included from 
the NKI. RNA-sequencing data was mapped to the human 

algorithm. Highly correlating mRNAs of a sarcoma subtype 
tumor (liposarcoma, leiomyosarcoma, gastrointestinal stroma or 
‘miscellaneous’) were compared to all other tumor subtypes and 

signature.

Results
We successfully sequenced the spliced platelet RNA collected 
from 25 sarcoma patients, 15 former sarcoma patients, and 61 
age- and gender-matched HD. Differential splicing ANOVA 
analysis indicated a distinctive platelet RNA expression pattern 
of 189 genes (FDR<0.05) in sarcoma (n=15) compared to 
non-sarcoma; [HD (n=6) and former sarcoma patients (n=9) ]. 
Development of a
for the blood-based diagnosis of sarcoma reached an accuracy 
of 85% in the 20-samples sized validation cohort (AUC: 0.84, 
p<0.001). Analysis of a combined HD plus former sarcoma 
patients cohort versus sarcoma patients indicated that the platelet 
RNA of cancer-free patients regresses towards those of HD. The 
high number of genes found with low FDR thresholds  between 
healthy and sarcoma signaled that institutional bias may be 
present.

Conclusion
Our data indicates that TEP RNA-based liquid biopsies might 
enable for blood-based sarcoma diagnostics. This technique 
could potentially be used for the monitoring of tumor recurrence 
in post-operative sarcoma patients. Thus far, the number of 
samples analyzed remains small, and potential bias introduced by 
the two institutes of sample origin needs to be taken into account. 

References 
1. Catherine Alix-Panabières and Klaus Pantel (2016). Clinical Applications 

of Circulating Tumor Cells and Circulating Tumor DNA as Liquid Biopsy. 
Cancer Discov; 6(5); 479–91.

2. Calverley D.C., Phang T.L., Choudhury Q.G., Gao B., Oton A.B., Weyant 

in metastatic lung cancer. Clin. Transl. Sci. 2010;3:227–232.

ABS-58528037
Drug Discovery Maps, a machine learning model, visualises 
and predicts kinome-inhibitor interaction landscapes

Antonius P.A. Janssen1, Sebastian H. Grimm1, Ruud H.M. 
Wijdeven2, Eelke B. Lenselink3, Jacques Neefjes2, Constant A. 
A. van Boeckel4, Gerard J.P. van Westen3, Mario van der Stelt1

1Molecular Physiology, Leiden Institute of Chemistry, Leiden 

University, Leiden, The Netherlands
2Department of Cell and Chemical Biology, Leiden University 
Medical Centre, Leiden, The Netherlands
3Drug and Target Discovery, Leiden Academic Centre for Drug 
Research, Leiden University, Leiden, The Netherlands
4Pivot Park Screening Centre, Oss, The Netherlands

The interpretation of high dimensional structure-activity datasets 
in drug discovery to predict ligand-protein interaction landscapes 
is a challenging task. Many complex, high-dimensional datasets 
with structure-activity relationships (SAR) of kinase inhibitors 
over a broad selection of kinases have become available. 
Advanced machine learning models promise to revolutionise the 

these models are used to predict a wider range of biological 
activities for a compound compared to traditional drug design 
methods. Yet, advanced machine learning models are hampered 
in their applicability by a lack of clear interpretation and tendency 

Aims
There is a clear need for better tools to interpret and visualize 
complex, high-dimensional SAR datasets in an easy and intuitive 

for drug discovery programs. We present Drug Discovery Maps 
(DDM), a machine learning tool that allows the visualization and 
prediction of target-ligand interaction landscapes.

Methods
DDM is based on the t-Distributed Stochastic Neighbour 
Embedding (t-SNE) algorithm, a state-of-the-art machine 
learning model.1

compounds across an entire protein family, illustrated here for 
the kinase family. DDM works by generating a visualisation of 
molecular and biological similarity. DDM maps chemical and 
target space and predicts activity of novel kinase inhibitors across 
the kinome. The model was validated by independent datasets 
and in a prospective experimental setting. DDM equalled or 
outperformed other state-of-the-art computational methods.

Results / Conclusions
DDM predicted new inhibitors for FMS-like tyrosine kinase 3 
(FLT3), a therapeutic target for the treatment of acute myeloid 
leukemia. Compounds were resynthesized yielding highly potent, 

most of the predicted off-targets. DDM is freely available and is 
envisioned to accelerate drug discovery.

References
1. Van Der Maaten, L. & Hinton, G. Visualizing Data using t-SNE. J. Mach. 

Learn. Res. 9, 2579–2605 (2008).
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ABS-59084671
Exosomal release of the human cytomegalovirus-encoded 
chemokine receptor US28

M.P. Bebelman1,2, J. van Senten1, R.J.P Musters3, G. van Niel4, 
D.M. Pegtel2, M.J. Smit1

1Division of Medicinal Chemistry, Amsterdam Institute for 
Molecules Medicines and Systems, VU University Amsterdam, de 
Boelelaan 1108, 1081 HZ Amsterdam, The Netherlands. 2Exosome 
Research Group, Dept. Pathology, Cancer Center Amsterdam, 
VU University Medical Center, de Boelelaan 1118, 1081 HV 
Amsterdam, The Netherlands. 3Departement of Physiology 
and Advanced Optical Microscopy Core in O|2, VU University 
Medical Center, de Boelelaan 1118, 1081 HV Amsterdam, The 
Netherlands. 4Center of Psychiatry and Neurosciences, INSERM 
U895, Paris 75014, France.

Exosomes are nanosized extracellular vesicles (EVs) that 
originate from the fusion of multivesicular bodies (MVBs) with 
the plasma membrane. These vesicles mediate intercellular 
communication via the transfer of proteins and RNA. In the 
last decade, it has become clear that many viruses, including 
herpesviruses, modulate exosomal communication to create an 
optimal environment for viral persistence and dissemination. In 
this study, we show that the human cytomegalovirus (HCMV)-
encoded chemokine receptor US28 is released via exosomes. 
This viral receptor is expressed in both latent and lytic stages 
of HCMV infection and constitutively activates proliferative 
and pro-angiogenic signaling pathways. We hypothesize that 
exosomal release of US28 might contribute to HCMV pathology.

Methods
We developed an optical reporter based on US28 and a pH-
sensitive GFP (pHluorin) that enables live cell imaging of the 
fusion of US28-containing MVBs with the plasma membrane. 
Furthermore, we generated a HCMV strain containing US28-
pHluorin to study exosomal release of US28 in HCMV-infected 
cells.

Results / Conclusions
Live cell TIRF microscopy on HCMV-infected cells revealed 
that US28-pHluorin-containing MVBs fuse with the plasma 
membrane. Moreover, analysis of the EV-fraction by super-

US28-pHluorin-positive EVs with a diameter of 50-100 nm, 
corresponding to the size of exosomes. In line with this, 
immunoelectron microscopy revealed that EVs isolated from 
the culture supernatant of infected cells contain US28. Together, 
these results suggest that HCMV-infected cells release US28 via 
exosomes. In future studies, the US28-pHluorin system can be 
used to study the functional consequences of US28 exosome 
release and to identify potential strategies to block exosomal 
communication by HCMV.

ABS-58990302
Liposomes targeting the blood brain barrier in vivo 

Gabriela Arias-Alpízar1, Panagiota Papadopoulou1, Jeroen 
Bussmann2, Mohammad Moradi3, Nico A.J. M. Sommerdijk3, 
Frederick Campbell1, Alexander Kros1 
1Department of Supramolecular & Biomaterials Chemistry, 
Leiden Institute of Chemistry (LIC), Leiden University, P.O. 
Box 9502, 2300 RA Leiden, The Netherlands. 2Department of 
Biotherapeutics, Leiden Academic Center for Drug Research 
(LACDR), Leiden University. 3Materials and Interface Chemistry 
& Centre for Multiscale Electron Microscopy, Department of 
Chemical Engineering and Chemistry, TU Eindhoven University.

tissues beyond the liver, are less than 1% of the total injected dose. 
In the central nervous system, drug delivery is further restricted 
by the presence of tightly sealed endothelial cells (limiting 
diffusion of drugs across the blood brain barrier -BBB-) and 

back into the circulating bloodstream. To improve treatment of 

nanoparticle behavior in vivo and investigate targeted 
nanoparticle-mediated drug delivery after intravenous injection 

of liposomal nanoparticles composed of naturally occurring 

mediator of the uptake of anionic nanoparticles. Based on these 

contribute to the discovery of new, and optimization of existing 
drug delivery technologies.

formulation, comprised of a novel synthetic lipid, capable of 

Cryo-electron microscopy (cryoEM) revealed an unusual  
liposome morphology characterized by the presence of a phase 
separated lipid droplet within the liposome bilayer. We will 
present data suggesting that this this lipid droplet is essential 
for BBB-targeting. Given its similarity in size and structure to 
lipoproteins/VLDL/chylomicrons, our hypothesis is that we are 
hijacking an endogenous lipid transport mechanism within the 

targeting of these liposomes can be prevented by heparin and 
that lipoprotein lipase is a key mechanistic component of BBB-
targeting.

model organism for the discovery of new (liposomal) drug 
delivery nanocarriers and identify a liposomal system to 
selectively target the BBB with a potential application in drug 
delivery to the central nervous system.

References
1. Campbell, F., et al., Directing Nanoparticle Biodistribution through 

Evasion and Exploitation of Stab2-Dependent Nanoparticle Uptake. ACS 
Nano, 2018. Volume 12, pages 2138-2150. DOI 10.1021/acsnano.7b06995

ABS-58894641
Inhibition of A-kinase anchoring proteins attenuated 

airway epithelial cells

Haoxiao Zuo1-3, Viacheslav O. Nikolaev3,4, Martina Schmidt1,2

1University of Groningen, Department of Molecular 
Pharmacology; 2University Medical Center Groningen, 
Groningen Research Institute for Asthma and COPD, GRIAC, 
Groningen, The Netherlands; 3Institute of Experimental 
Cardiovascular Research, University Medical Centre Hamburg-
Eppendorf, 20246 Hamburg, Germany; 4German Center for 
Cardiovascular Research (DZHK), 20246 Hamburg, Germany.

Aims
Epithelial-to-mesenchymal transition (EMT) is a process 
characterized by the loss of epithelial phenotype and the 
acquisition of a mesenchymal phenotype. EMT plays a critical 
role in chronic obstructive pulmonary diseases (COPD), a 
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pulmonary disease induced by air pollution and in particular by 
cigarette smoke (CS). The phosphodiesterase (PDE) 4 inhibitor 
rolipram has been shown to inhibit transforming growth factor 

AMP (cAMP) pathway might be worthwhile to target to attenuate 
EMT-associated lung diseases. A central feature of cAMP 
signaling is the compartmentalization via A-kinase anchoring 
proteins (AKAPs). The role of AKAPs and their therapeutic 
value in the process of EMT have barely studied yet.

Methods

lung bronchus epithelial (BEAS-2B) cells. Gene and protein 
expressions of epithelial marker E-cadherin and mesenchymal 

AKAP95 and Yotiao (gene plus protein) expressions was 
examined by qPCR and western blotting. To disrupt AKAP-

AKAPs Ezrin, AKAP95 and Yotiao were silenced using siRNA. 
The effect of AKAP silencing was examined by both wound 
healing assay and xCELLigence transwell migration test. To 
study a potential link between CS (cell exposure for 24 hours) 

ELISA), and the functional assays mentioned above. 

Results and conclusions
1 induced morphological changes, downregulated 

1 stimulation decreased Ezrin gene expression 
and increased AKAP95 and Yotiao gene expressions. St-
Ht31 alone led to a strong decrease of E-cadherin (mRNA and 

1-induced E-cadherin 
1-induced collagen 

1, 

1

1 
release, also, augmented cell migration, indicating that CS could 

1.To summarize, the AKAP 
family members Ezrin, AKAP95 and Yotiao regulate EMT by 

1 1 
release. Our data point to novel strategies in COPD treatment 
involving members of the AKAP superfamily.

ABS-58862155
Anionic 1,2-Distearoyl-sn-glycero-3-phosphoglycerol (DSPG) 

prevent atherosclerosis in mice.

N. Benne1, J. van Duijn1, F. Lozano Vigario1, R. J. T. Leboux1,  
P. van Veelen2, J. Kuiper1, W. Jiskoot1, B. Slütter1

1Divison of BioTherapeutics, Leiden Academic Centre for Drug 
Research, Leiden, the Netherlands 2Center for Proteomics and 
Metabolomics, Leiden University Medical Center, Leiden, the 
Netherlands

Aims

of cholesterol in the form of low-density lipoprotein (LDL), 

the formation of atherosclerotic plaques. LDL consists of lipids 
contained by apolipoprotein B-100 (ApoB100), a protein that 

hypothesized that ApoB100 may also be used to vaccinate 
against atherosclerosis by induction of regulatory CD4+ T cells 

(Tregs). Liposomes are excellent vaccine delivery systems, as 
they can induce different types of CD4+ T cell responses [2]. The 
aim of this research was to study how the liposome composition 

Tregs, and to inhibit the development of atherosclerosis in mice. 

Methods
Liposomes were loaded with the ovalbumin-derived MHCII 
restricted peptide, OVA323. The liposomes consisted of 
the anionic phospholipid 1,2-distearoyl-sn-glycero-3-
phosphoglycerol (DSPG) or 1,2-dipalmitoyl-sn-glycero-3-
phospho-L-serine (DPPS), or the cationic lipid 1,2-dipalmitoyl-
3-trimethylammonium-propane (DPTAP). To measure the 

adoptively transferred into WT mice, which were subsequently 
immunized intravenously with controls or liposomes containing 
OVA323. One week after immunization, we measured 

cytometry. Based on the obtained results, DSPG-containing 
liposomes were prepared to encapsulate a novel CD4+ T cell-

strategy for atherosclerosis. LDLr-/- mice were fed a western 
type diet for 10 weeks to induce plaque formation in the aorta, 
and concomitantly immunized 4 times at 3-week intervals with 
liposomes or controls via intraperitoneal injections. We studied 
atherosclerotic plaque size and morphology via histology, and 

Results / Conclusions
DSPG-containing OVA323 liposomes induced strong antigen-

other liposomal formulations in vivo. Mechanistically, we 
showed that proteins adsorbing to the DSPG (protein corona), 
in particular, the serum complement factor C1q, play a crucial 
role in the uptake of liposomes by DCs. In the atherosclerosis 
mouse model, DSPG-containing liposomes encapsulating p3500 

to controls, as well as increased collagen content in the plaques.

References
1. Tabas, I. and A.H. Lichtman, Monocyte-Macrophages and T Cells in 

Atherosclerosis. Immunity, 2017. 47(4): p. 621-634.
2. Benne, N., et al., Orchestrating immune responses: How size, shape, 

and rigidity affect the immunogenicity of particulate vaccines. J Control 
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ABS-58600057

A.M. Zarca1, J.P. Bebelman1, R. de Jonker1, R. Leurs1,2, M.J. 
Smit1, H.F. Vischer1

1Amsterdam Institute for Molecules Medicines and Systems 
(AIMMS), Faculty of Sciences, Department of Medicinal 
Chemistry, VU University Amsterdam, de Boelelaan 1108, 1081 
HZ Amsterdam, The Netherlands
2

Boelelaan 1083, 1081 HV Amsterdam, The Netherlands

CXCR4 and CXCR7 (ACKR3) are chemokine receptors, 
belonging to the class of G protein-coupled receptors (GPCRs). 
They are involved in cell migration and the immune response1. 
Both CXCR4 and CXCR7 are overexpressed in various types 
of tumors2 and are involved in cancer progression3. CXCR4 

receptor phosphorylation and internalization to modulate their 
signaling.
In these studies, we have been focusing on G protein independent 
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based on Bioluminescence Resonance Energy Transfer (BRET) 

upon CXCL12 stimulation and differential recruitment of GRKs. 
With our sensors, CXCR4 did not show recycling to the cell 
membrane after internalization in contrary to CXCR7. CXCR4 

were generated. Some receptor mutants showed altered and/or 

being evaluated in signaling assays. In conclusion, CXCR4 and 

upon stimulation by CXCL12, which has distinct functional 

References 
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ABS-58291869

Living Cells
 
A. Vlachodimou, A.P. IJzerman, L.H. Heitman
Division of Medicinal Chemistry, LACDR, Leiden University, the 
Netherlands

Background and purpose. Membrane transporters are 
transmembrane proteins that regulate the translocation of small 
molecules, inorganic ions or other proteins across biological 
membranes. Their function as gatekeepers of small molecules 
as well as their ubiquitous presence in the human body render 
them potential therapeutic targets, both for their activation and 
inhibition. 

The current study aims to develop a label-free method for 
the assessment of transporter inhibitors by using the cellular 
impedance based xCELLigence equipment. This assay is taking 
advantage of the fact that endogenous substrates of membrane 
transporters are in the majority also ligands for membrane 
receptors (e.g., glutamate and dopamine are ligands for glutamate 
and dopamine receptors and they are transported by glutamate 
and dopamine transporters, respectively). As a result, inhibiting 
a transporter will often lead to an increased concentration of the 
endogenous substrate/ligand outside of the cell. This then may 
lead to an increase in receptor signaling which is monitored with 
the xCELLigence.

Experimental approach
To provide a proof-of-concept that a whole cell label-free 
assay can be applied to transporters, Equilibrative Nucleoside 
Transporter-1 (ENT1) was selected as a target. ENT1 is the most 
abundant nucleoside transport protein and one of its substrates 
is adenosine, which is also the endogenous ligand of adenosine 
receptors. The U2OS cell line was selected, which is a human 
osteosarcoma cell line that endogenously expresses both ENT1 
and adenosine receptors. 

Results
Three reference ENT1 inhibitors were tested in the new assay 
and as a result, changes in impedance were measured. In all cases 
the amount of adenosine outside the cell membrane appeared 
increased when ENT1 was inhibited, as changes in impedance 
were more profound compared to a control with no ENT1 
inhibition. This observation triggered further experiments that 
allowed a quantitative assessment of the inhibitors’ potency.

Conclusions
Our research is aimed at the development of an innovative 
label-free assay that can potentially be used for a multitude 
of membrane transporters as an in vitro model system for the 
evaluation of transporter inhibitors. The new format is not limited 

More generally, this approach could inspire future drug discovery 
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ABS-59088561
Adherence to guidelines for prescribing double and triple 
anticoagulation therapy in a clinical setting; a pharmacist’s 
intervention study

R.C.A.E. van Uden1, H.J. Kingma1, D.A.M. Odekerken2, M.L. 
Becker1

1Pharmacy Foundation of Haarlem Hospitals, Haarlem, the 
Netherlands, 2Dept. of Cardiology, Spaarne Gasthuis Haarlem/
Hoofddorp, the Netherlands

(OAC) therapy will require antiplatelet therapy at some point 
in their life. (1) The combination of an OAC or light molecular 
weight heparin (LMWH) therapy with a second anticoagulant 
agent (double therapy) gives a 2-fold increased risk of major 
bleeding and the combination of OAC or LMWH with two other 
anticoagulant agents (triple therapy) a 4-fold increased risk. (2) 
The European Society of Cardiology (ESC) guidelines advises to 
use double or triple therapy for a short period of time. (3) 

Aims
The aim of this study is to identify the adherence to these 
guidelines in our hospital. If patients had no guideline based 
indication we studied whether advise given by a pharmacist to 
adjust the anticoagulation therapy contributes to more guideline 
based prescription. We studied whether type of OAC (Direct oral 
anticoagulant (DOAC)/vitamin K antagonist (VKA)) or admitted 
ward were risk factors for non guideline based double or triple 
therapy. 

Methods
A validated clinical rule was implemented in the hospital 
electronic information system (EPIC) that presented all 
hospitalized patients  > 18 years old that used double or triple 
therapy. A pharmacist reviewed on a daily basis whether the 
patient had a guideline based indication for the prescribed 
anticoagulation therapy. If not, the pharmacist contacted the 
physician to evaluate the anticoagulation therapy. Data were 
analyzed using SPSS statistics version 24 (IBM). McNemar and 
Chi square tests were used for statistical analyses. 

Results / conclusions
We included 136 patients that used double or triple therapy. 
Fifty-seven patients (42%) had no guideline based indication for 
double or triple therapy. Following intervention by a pharmacist, 
the anticoagulation therapy was adjusted in 53 of the 57 patients 

guidelines (p< 0,0001) after intervention.  Most patients without 
guideline based indication had a combination of  DOAC + 
(prophylactic) LMWH or started with OAC while the antiplatelet 
therapy was not evaluated.  The type of anticoagulation therapy 
was no risk factor for non guideline based therapy (p= 0,881). On 
the cardiology ward patients were treated more often according 
to the guidelines than on other hospital wards (p< 0,0001). A 
considerable amount of patients treated with double or triple 
anticoagulation therapy is not treated according to the current 
guidelines. Evaluation of anticoagulation therapy by a pharmacist 
can be a valuable addition for medication surveillance to optimize 
these therapies and may prevent bleeding events. 
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Organic anion transporters 1 and 3 in human renal proximal 
tubule cells affect cellular metabolism
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Institute for Pharmaceutical Sciences, Utrecht, The Netherlands

Aims
Proximal tubule epithelial cells (PTEC) are susceptible to drug-
induced nephrotoxicity, partly because of their active secretion 
mechanism via membrane drug transporters, requiring high 
ATP production via mitochondrial oxidative phosphorylation 
(OXPHOS). Human conditionally immortalized PTEC (ciPTEC-
parent) present endogenous expression and functionality of 
a plethora of drug transporters. Functionality of organic anion 
transporter 1 or 3 (OAT1/3) was achieved by transfection, 
yielding ciPTEC-OAT1 and ciPTEC-OAT3. The aim of this 
project was to study the effect of mitochondrial inhibition in 
ciPTEC on cellular metabolism in relation to renal drug handling.

Methods
CiPTEC-parent, ciPTEC-OAT1 and ciPTEC-OAT3 were exposed 
to mitochondrial inhibitors antimycin A (AA; 0-15 nM, 24 h), 
myxothiazol (0.1-100 nM) and rotenone (1-200 nM). OAT1/3 

were harvested upon AA exposures to determine intracellular 
ATP levels, while lactate concentration was analyzed in the 
supernatant as a measure of glycolytic activity. 

Results / Conclusions

with increasing concentrations of OXPHOS inhibitors. 
Intracellular ATP levels were reduced to 30±10% of the vehicle 
control (p<0.01) at 5 nM AA for ciPTEC-parent, whereas ATP 
levels in ciPTEC-OAT1 and ciPTEC-OAT3 remained stable. 
CiPTEC-parent lactate levels were 2-fold increased (p<0.01) at 
5 nM AA, whereas a 4-fold increase was observed in ciPTEC-
OAT1 and ciPTEC-OAT3. 

Together, intact ATP levels upon mitochondrial inhibition 
combined with elevated lactate levels in organic anion transporter 
expressing cells suggest that glycolysis is part of a compensatory 

anion transport is linked to intracellular metabolism.

ABS-59076978
Interaction between drugs and endogenous metabolites for 
renal organic anion transport
 
M.F.J. Stefens1, S.M. Mihaila1,2, D. Stamatialis3, M.C. Verhaar2, 
K.G.F. Gerritsen2, R. Masereeuw1

1Div. of Pharmacology, Utrecht Institute for Pharmaceutical 
Sciences, Utrecht University, The Netherlands, 2Dept. of 
Nephrology and Hypertension, University Medical Center, 
The Netherlands, 3

Science and Technology, University of Twente, The Netherlands 
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Drug utilization, pharmacokinetics and drug safety
Patients with end stage kidney disease (ESKD) undergo dialysis 
to replace kidney function. Although life-saving, removal of 
endogenous wastes by conventional dialysis is poor, in particular 
that of protein-bound uremic toxins (PBUTs). Recently, we 
showed that conditionally immortalized proximal tubule 
epithelial cells (ciPTECs) expressing organic anionic transporter 
1 (OAT1) cultured on biofunctionalized membranes, actively 

wide range of drugs. Here, we investigate whether the  medication 
that patients use to control ESKD-associated comorbidities 
would interact with the ciPTECs-OAT1 and whether in the 
context of a ciPTECs-loaded BAK, the OAT1-mediated removal 
of drugs might compromise the clearance capacity for PBUTs 
by the BAK.

Aims
The aim of this study was to investigate the interaction between 
commonly prescribed drugs in CKD (ACE inhibitors, ATII 
inhibitors, statins and furosemide) and an endogenous PBUT 
(indoxyl sulfate) with respect to OAT1-mediated uptake.

Methods
A panel of 9 drugs was screened for interactions in ciPTECs-
OAT1 monolayers in the presence (+) and absence (-) of indoxyl 
sulfate (IS, at an uremic concentration [110μM]), as previously 

as substrate and its uptake was measured using a multi-plate 
reader.

Results / Conclusions
Our results show that ACE-inhibitors and cimetidine have either 
no effect or a slight effect (at non-therapeutical concentrations) 

This trend was maintained in presence of IS, suggesting that 

ciPTECs. (Table 1). 

absence (-) and presence (+) of IS *

* Values are given as mean of two independent observations. 
NT=non-therapeutical concentration.

Further studies should address the effect of protein binding on 
the clearance capacity, as well as the transepithelial transport of 
PBUTs across the living membranes in the presence of drugs to 
understand the interaction between PBUTs and drugs on their 
secretion by a BAK system. 
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Gentamicin dosing in obese and underweight patients: A 
retrospective study to determine dosing weight in daily 
practice
 
A.M. van Schip1,2, R.C.A.E van Uden1, E.A. van der Wouden1,  
M.L. Becker1

1Pharmacy Foundation of Haarlem Hospitals, Haarlem, The 
Netherlands 2Faculty of Science and Engineering, University of 
Groningen, Groningen, The Netherlands.
 
Gentamicin is dosed using Total Body Weight (TBW), but TBW 
may not be the best dosing weight to employ with obese and 
underweight patients. In obese patients, alternative formulae 
used to determine dosing weight are Ideal Body Weight (IBW), 
Lean Body Weight (LBW) and Adjusted Body Weight (ABW). In 
underweight patients, IBW, LBW 5mg/kg, LBW 9mg/kg, ABW 
and TBW*1.13 are alternatives.

Aims
The aim of this study is to determine which dosing weight 
formula results in most instances of peak plasma concentration of 
gentamicin within the therapeutic range in obese and underweight 
patients. Guidelines recommend a peak concentration of 15 to 20 
mg/l to treat sepsis and through plasma concentrations lower than 
0.5 to 1 mg/L to avoid nephro- and ototoxicity (1,2).

Methods
This retrospective study included hospitalised patients (Spaarne 
Gasthuis, the Netherlands) who were treated with gentamicin 
and had plasma concentrations measured. An individual 
pharmacokinetic model was plotted using MwPharm. Each 
dosing formula was tested, and peak plasma concentrations were 
estimated with this model.

Results / Conclusions
We included 60 obese and 10 underweight patients. Using TBW, 
22% of the obese patients did have therapeutic peak plasma 
concentrations compared to 63% using ABW (p<0.001; Figure 
1). In underweight patients, 50% of the patients had therapeutic 
peak plasma concentrations using TBW compared to 80% using 

both populations IBW and LBW resulted in subtherapeutic peak 
plasma concentrations in the majority of patients. 

Figure 1. Estimated peak plasma concentration plotted versus 
BMI in obese patients (a) TBW; (b) ABW. 

In obese patients, gentamicin should be dosed using ABW. In 
underweight patients, a dosing weight of TBW*1.13 may be the 
most appropriate, although our results did not reach statistical 
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Drug utilization, pharmacokinetics and drug safety
ABS-58480765

throughout pregnancy using physiologically-based 
pharmacokinetic modeling
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*p.mian@erasmusmc.nl 

Introduction
Acetaminophen is a widely used analgesic and antipyretic drug 
during pregnancy. Pregnancy is associated with physiological 
changes that can affect drug pharmacokinetics (PK). However, 
little is known about PK of acetaminophen and its risk for 
hepatotoxicity at normal doses. Therefore, the aim of this 
study was to develop a pregnancy physiologically-based 
pharmacokinetic (PBPK) model to predict acetaminophen 

hepatotoxicity in the mother at normal doses.

Methods

developed in non-pregnant women accounting for all major 
elimination routes of acetaminophen, in particular metabolism 
via uridine 5'-diphospho-glucuronosyltransferase (UGT1)A1, 
sulfotransferase (SULT)1A1, and cytochrome-P-450 (CYP)2E1. 
Thereafter, the model was scaled to pregnancy by incorporating 
pregnancy-induced  physiological and enzymatic changes into the 
model. With this model, predictions were performed to illustrate 
target attainment of acetaminophen following 1000 mg q6h using 
Css-mean of 10 mg/L as target. In addition, area under the curve 
(AUC)0-6h, as measure for exposure to N-acetyl-p-benzoquinone 
imine (NAPQI), was estimated.

Results
PBPK models adequately described acetaminophen and its 
metabolites PK for non-pregnant women and throughout all 
stages of pregnancy. Predictions (1000 mg q6h) resulted in the 
lowest Css in third trimester (4.5 mg/L), while the Css was 6.7, 

populations, respectively. The mean predicted AUC0-6h of NAPQI 

and third trimester populations.

Discussion

pregnant and pregnant populations, as judged by a Css-mean of 10 
mg/L. In addition, the risk for hepatotoxicity associated with 
NAPQI exposure is consistently lower in pregnant compared to 
non-pregnant women.
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