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ABS 86975325 
Modelling the pharmacokinetic interaction between 
flucloxacillin and tacrolimus

L J  Nijboer1, P  Mian1, E  Bocharova1, D J  Eleveld2, B G J  
Dekkers1, D J  Touw1

1Department of Clinical Pharmacy and Pharmacology; 
2Department of Anesthesiology, University Medical Center 
Groningen, University of Groningen, The Netherlands

Background
Tacrolimus is a calcineurin inhibitor with a narrow therapeutic 
window and is used for the prevention of allograft rejection  
Due to the immunosuppressive action of tacrolimus, transplant 
recipients are prone to infections  A common antibiotic given 
to cure infections is flucloxacillin. An earlier study reported 
that flucloxacillin decreases the blood trough concentration 
of tacrolimus (1)  The aim of this study is to examine the 
influence of flucloxacillin on the pharmacokinetics (PK) of 
tacrolimus using population PK (popPK) modelling. Besides, it 
is established whether the target concentration of tacrolimus can 
still be achieved with the current dosing regimens  

Methods
A previous developed popPK model was selected to quantify the 
interaction between tacrolimus and flucloxacillin (2). The model 
with allometric scaling was reproduced in NONMEM® 7 4 and 
extended with this interaction  250 simulations were performed 
with a median patient of the population of 71 kg that started with 
the administration of tacrolimus two times a day 4 milligrams  
After 14 days, tacrolimus concentration was in a steady state and 
treatment with flucloxacillin started for 14 days. Then, tacrolimus 
was administered for another 14 days 

Results
445 blood trough concentrations of tacrolimus were collected 
from 32 patients (156 samples before, 116 samples during and 
173 samples after flucloxacillin treatment). The model estimated 
an increase in the apparent clearance of 24% when flucloxacillin 
was administered   

Conclusion
Flucloxacillin has a significant influence on the blood trough 
concentration of tacrolimus by increasing clearance  The target 
concentration of tacrolimus will not be met after starting treatment 
with flucloxacillin. It is important to anticipate in advance with 
a dose adjustment of 25%  Due to the high variability in blood 
trough concentrations of tacrolimus, close monitoring of it is 
mandatory 

References 
1   Veenhof H, et al  Eur J Clin Pharmacol  2020;76(12):1667–73  
2.  Kassir N, et al. Br J Clin Pharmacol. 2014;77(6):1051–63. 

ABS 88100399
Visualisation of regulatory lifecycle of ATMPs that have 
applied for European marketing approval

Eleanor L H van Dijk
Division of Pharmacoepidemiology and Clinical Pharmacology, 
Utrecht Institute for Pharmaceutical Sciences, Utrecht University, 
Utrecht, the Netherlands
Renske M T ten Ham 
Department of Public Health, Healthcare Innovation & 
Evaluation and Medical Humanities, Julius Center for Health 
Sciences and Primary Care, University Medical Centre Utrecht, 
Utrecht, the Netherlands
Lourens T Bloem 

Division of Pharmacoepidemiology and Clinical Pharmacology, 
Utrecht Institute for Pharmaceutical Sciences, Utrecht University, 
Utrecht, the Netherlands l.t.bloem@uu.nl
Address: Universiteitsweg 99, 3584 CG, Utrecht

Introduction
Advanced Therapy Medicinal Products (ATMPs) are a class 
of innovative medicinal products in Europe formally defined 
as somatic cell therapy, gene therapy and tissue-engineered 
products  So far, ATMPs target high unmet need and/or orphan 
diseases  Currently, 12 of the ATMPs that have received market 
approval by the European Medicines Agency (EMA) until 
December 2021 remain available in Europe  This seemingly low 
number is in contrast with the high number of ATMPs in clinical 
development  

Objectives
The objective of this study is to reconstruct and visualize the 
lifecycle, including regulatory activities and interactions, of the 
ATMPs that have applied for centralized market approval in 
Europe until December 2021 

Methods
A retrospective review of meeting reports of the EMA’s 
Committee for Advanced Therapies (CAT) was conducted 
until December 2021  CAT meeting reports describe regulatory 
activities on a European level and are publicly available on the 
EMA website  All product characteristics and regulatory activities 
(e.g., classification procedures, (draft) opinions and variations to 
marketing authorisations) were extracted using a data extraction 
form and categorized per product 

Abstract 
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Introduction 
Advanced Therapy Medicinal Products (ATMPs) are a class of innovative medicinal products in 
Europe formally defined as somatic cell therapy, gene therapy and tissue-engineered products. So far, 
ATMPs target high unmet need and/or orphan diseases. Currently, 12 of the ATMPs that have 
received market approval by the European Medicines Agency (EMA) until December 2021 remain 
available in Europe. This seemingly low number is in contrast with the high number of ATMPs in 
clinical development.  
 
Objectives 
The objective of this study is to reconstruct and visualize the lifecycle, including regulatory activities 
and interactions, of the ATMPs that have applied for centralized market approval in Europe until 
December 2021. 
 
Methods 
A retrospective review of meeting reports of the EMA’s Committee for Advanced Therapies (CAT) 
was conducted until December 2021. CAT meeting reports describe regulatory activities on a 
European level and are publicly available on the EMA website. All product characteristics and 
regulatory activities (e.g., classification procedures, (draft) opinions and variations to marketing 
authorisations) were extracted using a data extraction form and categorized per product. 
 
Table 1. Characteristics of the ATMPs for which EMA centralized market approval was requested 

Characteristic Positive (n=20) Negative (n=4) Withdrawn (n=8) 
Classification 
Cell 3 (15%) 2 (50%) 1 (13%) 
Gene 13 (65%) 2 (50%) 4 (50%) 
Tissue 4 (20%) 0 3 (38%) 
Orphan status 15 (75%) 4 (100%) 3 (38%) 
Market approval 
Standard 12 (60%) N/A N/A 
Conditional 6 (30%) N/A N/A 
Exceptional 2 (10%) N/A N/A 
Opinion adopted by 
Consensus 11 (55%) 3 (75%) N/A 
Majority 9 (45%) 1 (25%) N/A 

 

Results
We identified 32 requests for EMA centralized market approval 
for 28 ATMPs  Of these, 20 (63%) received a positive opinion 
(twice for the same ATMP), 4 (13%) negative and 8 (25%) 
were withdrawn by the company  Table 1 describes product 
characteristics. For 19 approved ATMPs, we identified 110 
positive draft opinions about type II variations, which, as defined 
by the European Commission, is a major variation that may 
have a significant impact on the quality, safety or efficacy of a 
medicinal product. Overall, we identified that of 535 products 
discussed, 484 were classified as an ATMP. Also, 506 scientific 
advice procedures about ATMPs were performed  Since 2016, 
for 105 ATMPs eligibility was requested to the EMA’s PRIority 
MEdicines (PRIME) scheme for enhanced development support  
Of these, 46 (44%) were granted 

Conclusion
Although few ATMPs have achieved EMA market approval, 
regulatory activity is high  Further visualization of regulatory 
activities for ATMP in Europe will be the first comprehensive 
effort in its kind  This will facilitate increased learning about the 
introduction and fit of these innovative medical products in the 
existing regulatory framework 

1. Ensuring target bioavailability and bioequivalence in .....
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Clinical significance and justified use of antibiotics in 
veterinary medicine with a view on human medicine

Ivo Schmerold1, Ronette Gehring2

1University of Veterinary Medicine Vienna, Department of 
Biomedical Sciences, Institute of Pharmacology and Toxicology, 
Austria (retired), 2Utrecht University, Veterinary Medicine, 
Department Population Health Sciences, Institute for Risk 
Assessment Sciences (IRAS), One Health Pharmacology, The 
Netherlands

Essential antibiotics in human and veterinary medicine
Antibiotics have been named “social” medicines as they are 
used for the treatment of bacterial infections of humans as well 
as animals  Among the antibiotic classes used both in human 
and veterinary medicine, cephalosporins, fluoroquinolones, 
macrolides, and polymyxins are categorized as “Highest 
Priority Critically Important” by the WHO for human medicine 
[1]  In 2019 EMA issued a categorisation of antibiotics for use 
in animals with 4 distinctive classes ranging from not allowed 
for use in food-producing animals to first line treatment 
compounds  They also include classes that are used in human 
medicine [2] 

New veterinary drug legislation
Since January 2022, Regulation (EU) 2019/6 [3] is applied 
in the EU containing substantial adjustments in legislation, 
authorisation, use and monitoring of veterinary medicinal 
products (VMPs)  The Regulations sets high standards of 
quality, safety, and efficacy. Various rules directly address 
the responsible veterinary surgeon; among these are the 
use antibiotics for prophylactic or metaphylactic purposes, 
prescription of antibiotics, record keeping and reporting to 
the competent national authority, and extra label use in food 
and non-food-producing species  The European Commission 
is requested to designate antimicrobials that are exclusively 
reserved for treatment of humans during the next years 

References
1  Critically important antimicrobials for human medicine, 6th revision  

Geneva: World Health Organization; 2019  Licence: CC BY-NC-SA 
3 0 IGO 

2  EMA/AMEG 2019  Categorisation of antibiotics for use in animals 
for prudent and responsible use  https://www ema europa eu/en/
documents/report/infographic-categorisation-antibiotics-use-animals-
prudentresponsible-use_en pdf 

3  REGULATION (EU) 2019/6 OF THE EUROPEAN PARLIAMENT 
AND OF THE COUNCIL of 11 December 2018 on veterinary 
medicinal products and repealing Directive 2001/82/EC  OJ, L 4, 43-
167 

Ensuring the sustainability of antimicrobials in veterinary 
medicine with in silico P(B)KPD modelling

Ronette Gehring1

1Utrecht University, Veterinary Medicine, Department Population 
Health Sciences, Institute for Risk Assessment Sciences (IRAS), 
One Health Pharmacology, The Netherlands

To stem the tide of antimicrobial resistance development, 
veterinarians will be increasingly constrained in their use of 
antibiotics that are critically important for human health  The use
of first-line antibiotics such as tetracyclines and sulfonamide-
trimethroprim combinations will need to rise to off-set this trend  
A sound scientific basis is needed to guide veterinarians towards 
appropriate drug and dose selection and ensure that these first-line 
antibiotics are maximally effective when used  Unfortunately, 
the registered dosing regimens for many of the veterinary 
pharmaceutical products containing these first-line antibiotics 

are not optimized according to the most recent scientific insights. 
Requiring pharmaceutical companies to repeat clinical trials 
and residue studies to optimize the registered dosing regimens 
is not feasible  Pharmacokinetic-pharmacodynamic modelling 
is therefore an essential tool towards optimizing veterinary 
antimicrobial therapy 

References
1 European Medicines Agency 2018 Reflection paper on dose 

optimization of established antibiotics in the context of in the context 
of SPC harmonization  Available at: https://www ema europa eu/
en/documents/scientific-guideline/draft-reflection-paper-dose-
optimisationestablished-veterinary-antibiotics-context-summary-
product_en pdf

2 Toutain PL, Bousquet-Mélou A, Damborg P, Ferran AA, Mevius D, 
Pelligand L, Veldman KT, Lees P. En Route towards European Clinical 
Breakpoints for Veterinary Antimicrobial Susceptibility Testing: A 
Position Paper Explaining the VetCAST Approach  Front Microbiol  
2017 Dec 15;8:2344  doi: 10 3389/fmicb 2017 02344  PMID: 
29326661; PMCID: PMC5736858 

3 Wen X, Gehring R, Stallbaumer A, Riviere JE, Volkova VV  Limitations 
of MIC as sole metric of pharmacodynamic response across the range 
of antimicrobial susceptibilities within a single bacterial species  Sci 
Rep  2016 Dec 1;6:37907  doi: 10 1038/srep37907  PMID: 27905408; 
PMCID: PMC5131373 

ABS 87720542
Medication use in uncontrolled pediatric asthma: results 
from the SysPharmPediA study

Amir Hossein Alizadeh Bahmani1, Elise M A  Slob1,2,3, Anne 
H  Neerincx1, Susanne J H  Vijverberg1,2, Simone Hashimoto1,2, 
Mario Gorenjak4,5, Anna M  Hedman6, Olaia Sardón Prado7,8, 
Paula Corcuerea7, Javier Korta7,8, Maria Pino-Yanes9,10,11, Uroš 
Potočnik4,5, Christine Wolff12, Susanne Brandstetter12,13, Susanne 
Harner12, Michael Kabesch12, Aletta D. Kraneveld14, Mariëlle 
W  Pijnenburg15, Gerard H. Koppelman16,17, Mahmoud I  Abdel-
Aziz1,18, Anke H  Maitland-van der Zee1,2*, on behalf of the 
SysPharmPediA consortium 
1Department of Respiratory Medicine, Amsterdam University 
Medical Centers, University of Amsterdam, P.O. Box 22700, 
NL-1100 DE Amsterdam, The Netherlands. 2 Department 
of Paediatric Pulmonology, Amsterdam University Medical 
Centers, University of Amsterdam, P.O. Box 22700, NL-1100 DE 
Amsterdam, The Netherlands. 3Department of Clinical Pharmacy, 
Haaglanden Medical Centre, The Hague, The Netherlands. 
4Center for Human Molecular Genetics and Pharmacogenomics, 
Faculty of Medicine, University of Maribor, Maribor, Slovenia.  
5Laboratory for Biochemistry, Molecular Biology and Genomics, 
Faculty for Chemistry and Chemical Engineering, University 
of Maribor, Maribor, Slovenia. 6Department of Medical 
Epidemiology and Biostatistics, Karolinska Institutet, Nobels 
Vag 12a, 171 77, Stockholm, Sweden. 7Division of Pediatric 
Respiratory Medicine, Hospital Universitario Donostia, San 
Sebastián, Spain 8Department of Pediatrics, Universidad del País 
Vasco (UPV/EHU), San Sebastián, Spain 9Genomics and Health 
Group, Dept. of Biochemistry, Microbiology, Cell Biology and 
Genetics, Universidad de La Laguna, Santa Cruz de Tenerife, 
Spain; 10CIBER de Enfermedades Respiratorias, Instituto de 
Salud Carlos III, Madrid, Spain; 11Instituto de Tecnologías 
Biomédicas (ITB), Universidad de La Laguna, San Cristóbal 
de La Laguna, Santa Cruz de Tenerife, Spain; 12 Department of 
Pediatric Pneumology and Allergy, University Children’s Hospital 
Regensburg (KUNO), Regensburg, Germany. 13Research and 
Development Campus Regensburg (WECARE) at the Hospital 
St. Hedwig of the Order of St. John, Regensburg, Germany 14 
Division of Pharmacology, Utrecht Institute for Pharmaceutical 
Sciences, Division of Pharmacology, Faculty of Science, 

2. Veterinary Medicines.........   3. System Pharmacology......
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Utrecht University, Universiteitsweg 99, 3584 CG, Utrecht, The 
Netherlands. 15Department of Paediatrics, division of Respiratory 
Medicine and Allergology, ErasmusMC, University Medical 
Centre Rotterdam, Rotterdam, The Netherlands. 16 University of 
Groningen, University Medical Center Groningen, Department 
of Paediatric Pulmonology & Paediatric Allergology, Beatrix 
Children’s Hospital, Groningen, The Netherlands 17University 
of Groningen, University Medical Center Groningen, Groningen 
Research Institute for Asthma & COPD 18 Department of Clinical 
Pharmacy, Faculty of Pharmacy, Assiut University, Assiut, Egypt. 

Introduction
Uncontrolled pediatric asthma has a large impact on patients and 
their caregivers  More insight into determinants of uncontrolled 
asthma is needed  We aim to compare treatment regimens, 
inhaler techniques, Inhaler devices, medication adherence, and 
other characteristics of children with controlled and uncontrolled 
asthma included in the “Systems Pharmacology approach to 
uncontrolled Paediatric Asthma” (SysPharmPediA) study 

Methods
145 Children with moderate to severe doctor-diagnosed asthma 
(91 uncontrolled and 54 controlled) aged 6-17 from tertiary care 
centers were enrolled in this multicenter (Germany, Slovenia, 
Spain, and the Netherlands) observational case-control study  
Uncontrolled asthma was based on asthma symptoms and/
or exacerbations in the past year   Patient-reported adherence 
and clinician-reported medication use were assessed  Lung 
function was measured, as well as inhalation technique  A 
logistic regression model was fitted to predict the probability of 
uncontrolled pediatric asthma 
 
Results
Children treated at higher GINA treatment steps were more likely 
to have uncontrolled asthma, with the highest risk for children 
treated in the highest GINA treatment step (OR (95%CI): 10 27 
(1 71 - 197 66))  The adherence and inhaler techniques were 
not significantly associated with the risk of having uncontrolled 
asthma  Furthermore, the risk of uncontrolled asthma was 
associated with the change between FEV1 % predicted post and 
pre-salbutamol (OR (95% CI): 1 06 (1 00 - 1 14)) 
 
Conclusion
In this study, medication adherence and inhaler technique scores 
did not differ between controlled and uncontrolled asthma 
children  However, children on higher treatment steps were at 
increased risk of uncontrolled asthma  Other determinants, such 
as environmental factors and/or differences in biological profiles, 
might influence the risk of uncontrolled asthma in this moderate 
to severe asthmatic population 

ABS 88100908
Cardioprotection by microRNA therapeutics (protectomiRs) 
– molecular network analysis will lead to multitarget 
“network drugs” 

Péter Ferdinandy
Department of Pharmacology and Pharmacotherapy, 
Semmelweis University, Budapest, Hungary; Pharmahungary 
Group, Szeged, Hungary. 

Ischemic heart disease is a leading cause of mortality worldwide, 
however, cardioprotective medications are still unmet clinical 
need  The lack of successful translation of cardioprotection to 
clinical therapy after more than 3 decades of intensive drug 
development shows the complexity of the disease that urge the 
need for novel concepts in target identification and validation by 
using unbiased network approach (see for reviews: Ferdinandy et 

al, Pharmacol Rev, 2014; 2022). We have previously identified 
several cardioprotective microRNAs (termed ProtectomiRs), 
the mRNA targets of which may reveal new drug targets for 
cardioprotection  

Aims
Here we aim to provide an overview of identification of 
protectomiRs and their targets by using unbiased omics and 
molecular network analysis approaches  

Methods and results 
We have previously identified several cardioprotective 
microRNAs (termed ProtectomiRs) including e g  miR-125b*  
We also tested the pharmacokinetics and cardioprotective 
efficacy of miR-125b* and found significant cardioprotective 
effect in mice model of acute myocardial infarction  The mRNA 
targets of protectomirs may reveal further new drug targets 
for cardioprotection  By using a network theoretical approach, 
we identified potential target genes of 18 previously identified 
protectomiRs  The Rictor gene was the most central and it 
was ranked first in the protectomiR-target mRNA molecular 
network with the highest node degree of 5  Therefore, Rictor 
and its targeting microRNAs were further validated in heart 
samples obtained from a translational pig model of AMI and 
cardioprotection induced by pre- or postconditioning  Three 
out of five Rictor-targeting pig homologue of rat ProtectomiRs 
showed significant upregulation in postconditioned but not in 
preconditioned pig hearts  Rictor was downregulated at the 
mRNA and protein level in ischemic postconditioning but not in 
ischemic preconditioning  

Conclusions
MicroRNAs, including  miR-125b*, are novel multitarget 
therapeutics that may be able to treat the complex pathological 
molecular network of ischemic heart disease  Unbiased network 
approach my reveal further protectomiRs and their gene targets, 
including e g  Rictor   

References
Ferdinandy P, Hausenloy DJ, Heusch G, Baxter GF, Schulz R  
Interaction of risk factors, comorbidities, and comedications 
with ischemia/reperfusion injury and cardioprotection by 
preconditioning, postconditioning, and remote conditioning  
Pharmacol Rev  66(4):1142-74 (2014) 

Ferdinandy P, Andreadou I, Baxter GF, Bøtker HE, Davidson 
SM, Dobrev D,  Gersh BJ, Heusch G, Lecour S, Ruiz-Meana 
M, Zuurbier CJ, Hausenloy DJ, Schulz R  Interaction of 
cardiovascular non-modifiable risk factors, comorbidities 
and comedications with ischemia/reperfusion injury and 
cardioprotection by drugs and ischemic conditioning  Pharmacol 
Rev (2022 under revision)
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ABS 88101458
Use of Real-World Data and Evidence in Drug Development 
of Medicinal Products Centrally Authorized in Europe in 
2018–2019 
 
Sini Marika Eskola1,2, Hubertus Gerardus Maria Leufkens1, 
Andrew Bate3,4,5, Marie Louise De Bruin1 and Helga 
Gardarsdottir1,6,7,
1Utrecht Centre for Pharmaceutical Policy and Regulation, 
Division of Pharmacoepidemiology and Clinical Pharmacology, 
Faculty of Science, Utrecht University, Utrecht, The Netherlands; 
2European Federation of Pharmaceutical Industries and 
Associations, Brussels, Belgium; 3Global Safety, GSK, Brentford, 
Middlesex, UK; 4Department of Non-Communicable Disease 
Epidemiology, London School of Hygiene and Tropical Medicine, 
London, UK; 5Department of Medicine, NYU Grossman School 
of Medicine, New York, NY, USA; 6Department of Clinical 
Pharmacy, University Medical Center, Utrecht, The Netherlands; 
7Department of Pharmaceutical Sciences, School of Health 
Sciences, University of Iceland, Reykjavík, Iceland. 

Real-world data/real-world evidence (RWD/RWE) are considered 
to have a great potential to complement, in some cases, replace 
the evidence generated through randomized controlled trials  
By tradition, use of RWD/RWE in the postauthorization phase 
is well-known, whereas published evidence of use in the pre-
authorization phase of medicines development is lacking1,2  

Aims
The primary aim of this study was to identify and quantify “the 
signatures of RWE use,” defined as any reference to potential 
use of RWD/RWE, in medicines development and regulatory 
decision making for the initial marketing authorization 
applications of new medicines evaluated with a positive opinion 
received in 2018 and 2019 by the EMA  The secondary aim was 
to assess whether there are differences in the signatures of RWE 
use between specific regulatory and product characteristics. 

Methods
For this study, a cohort of medicinal products, except generics 
and biosimilars, centrally authorized in Europe from January 1, 
2018, until December 31, 2019 (n = 111) was assembled  Data 
for the study was retrieved from the EPAR overviews published 
at the official website of EMA. Signatures of RWE use were 
extracted from the EPAR overview into a WE signatures were 
extracted into an RWE Data Matrix, including 11 categories 
divided over 5 stages of the drug development lifecycle 

Results / Conclusions
Nearly all EPARs included RWE signatures for the discovery 
(98 2%) and life-cycle management (100 0%)  Half of them 
included RWE signatures for the full development phase (48 6%) 
and for supporting regulatory decisions at the registration 
(46 8%), whereas over a third (35 1%) included RWE signatures 
for the early development  RWE signatures were more often seen 
for orphan and conditionally approved medicines  Oncology, 
hematology, and anti-infectives stood out as therapeutic areas 
with most RWE signatures in their full development phase  
The findings bring unprecedented insights about the vast use 
of RWD/RWE in drug development supporting the regulatory 
decision making  

References
1  R Franklin, J , Glynn, R J , Martin, D  & Schneeweiss, S  Evaluating 

the use of nonrandomized real-world data analyses for regulatory 
decision making  Clin  Pharmacol  Ther  105, 867–877 (2019) 

2. Cave, A., Kurz, X. & Arlett, P. Real-world data for regulatory decision 
making: challenges and possible solutions for Europe  Clin  Pharmacol  
Ther  106(1), 36–39 (2019)  

ABS 88098323
The contribution of real-world data to support efficacy and 
effectiveness in EMA regulatory decision-making 

Elisabeth Bakker1, Kelly Plueschke2, Carla Jonker2,3, Xavier 
Kurz2, Viktoriia Starokozhko1,3, Peter G M  Mol1,3,4

1Department of Clinical Pharmacy and Pharmacology, University 
Medical Centre Groningen, University of Groningen, Groningen, 
The Netherlands, 2Data Analytics and Methods Task Force, 
European Medicines Agency, Amsterdam, The Netherlands, 
3Dutch Medicines Evaluation Board (MEB), Utrecht, The 
Netherlands, 4Scientific Advice Working Party of the European 
Medicines Agency, Amsterdam, The Netherlands

Real-world data (RWD) has the potential to provide insightful 
information on the clinical effects of medicines to guide regulatory 
decisions  Whilst its contribution has been recognized for safety 
monitoring and disease epidemiology across medicines’ life 
cycle, the use of RWD to demonstrate efficacy requires further 
evaluation1 

Aims
1) To characterize RWD used by applicants to support efficacy 
claims on medicines as part of initial marketing authorisation 
applications (MAAs) and extension of indication applications 
(EoIs) and 2) to analyse the contribution of RWD to regulatory 
decision-making on medicines’ benefit-risk profile.

Methods
Appraisals of the RWD by the Committee of Medicinal Products 
for Human Use were described and, when applicable, the 
relation to scientific advice given prior to the MAA/EoI on the 
use of the RWD was investigated  From the Flynn et al  (2022) 
study2, we selected those MAAs/EoIs submitted to the European 
Medicines Agency (EMA) in 2018-2019 that contained RWD 
supporting efficacy claims pre-authorisation or monitoring 
efficacy/effectiveness post-authorisation. An in-depth analysis 
was performed to determine the factual contribution of the RWD 
to medicines’ benefit-risk evaluation using assessment reports 
available at EMA  

Results / Conclusions
In 29 of the 63 MAAs (46%) and 14 of 28 EoIs (50%) identified 
by Flynn et al. (2022), RWD was included to support efficacy. 
In 15 (52%) and 10 (71%) MAAs and EoIs respectively, it was 
included in the pre-authorisation package  Several cases could 
be identified where pre-authorisation RWD was considered 
contributory to the regulatory decision, i.e., in five MAAs 
(33%) and five EoIs (50%). In six (40%) and four (27%) MAAs, 
and four (40%) and one (10%) of EoIs, the RWD was not 
considered adequate or was not addressed at all, respectively  
Commonly mentioned limitations were missing data, lack 
of representativeness, small sample size, lack of an adequate 
or pre-specified analysis plan, and the risk of several types of 
confounding and bias  Due to the differences in purpose and 
data source of the RWD in applications, the appraisal of RWD 
still requires a case-by-case analysis  As all data sources come 
with their own limitations, it is important to be aware of such 
limitations when planning a RWD study, and to interact with 
regulators at an early stage 

References
1. Arlett, P., Kjær, J., Broich, K. and Cooke, E. (2022), Real-World 

Evidence in EU Medicines Regulation: Enabling Use and Establishing 
Value  Clin  Pharmacol  Ther , 111: 21-23  https://doi org/10 1002/
cpt 2479
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ABS 87944425
Opportunities and Challenges for Decentralized Clinical 
Trials: European Regulators’ Perspective

Amos J  de Jong1, Tessa I  van Rijssel2, Yared Santa-Ana-
Tellez1, Mira G P  Zuidgeest2, Scott Askin3, Ghislaine J M W  
van Thiel2, Jaime Fons-Martínez4, Tim De Smedt5, Anthonius 
de Boer1, Helga Gardarsdottir1, On behalf of the Trials@Home 
Consortium5

1 UIPS, UU; 2Julius Center, UMCU; 3Novartis Pharma AG; 4 

FISABIO; 5 UCB Pharma; 6 trialsathome.com

Aims
To identify challenges and opportunities that impact the 
authorization and implementation of DCTs from an European 
regulators’ perspective  

Methods
Semi-structured interviews with European clinical regulators  
Representatives from all European competent authorities were 
invited. The topic guide included scientific and operational 
aspects of DCTs  Data were analyzed according to thematic 
analysis   

Results
Twenty regulators from 11 different national competent 
authorities participated in one of the 15 interviews  Five major 
themes were identified from the interview data: justification, 
responsibilities, participant interests, data quality, and future 
perspectives. The respondents indicated that a scientific 
justification should underlie a DCT design. Whether and to 
what extent the implementation of decentralized elements is 
considered acceptable depends on the context of the clinical trial  
Investigator oversight should be safeguarded when involving 
third parties and implementing decentralized elements  The 
respondents recognized the potential of recruiting participants in 
a DCT that would not participate in a conventional clinical trial  
Nevertheless, several regulators expressed concerns regarding 
generalizability, more missing data, fewer reasons of why data is 
missing, and increased variability in trial results in the context of 
DCTs  The respondents advocated more experiences with hybrid 
clinical trials, in which on-site and decentralized trial elements 
are combined to drive mutual learning   

Conclusions 
Regulators expect that DCTs involve patients that do not 
participate in conventional trials, including patients who live 
far from trial sites, patients suffering from rare disease, and 
immobile patients  However, the oversight of the investigator, 
including the safety monitoring of the participants, is considered 
one of the main challenges of the DCT approach by regulators  

This work has received support from the EU/EFPIA Innovative 
Medicines Initiative Joint Undertaking (www imi europa eu) 
Trials@Home (grant No 831458). This communication reflects 
the views of the Trials@Home consortium and neither IMI nor 
the European Union and EFPIA are liable for any use that may be 
made of the information contained herein 
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Overcoming Rifampin Impurity Challenges for DDI Studies: 
Phenytoin as an Alternative

Aernout van Haarst1, Sabina Paglialunga2

1Scientific Affairs, Celerion, Belfast, UK; 2Celerion, Scientific 
Affairs, Phoenix (AZ), US

Introduction
Numerous medicines are metabolized by cytochrome P450 3A 
(CYP 3A). Strong inducers may result in a ≥80% reduction 
in substrate exposure during co-administration  For drugs in 
clinical development, a dedicated drug-drug interaction (DDI) 
study evaluating the effect of CYP3A induction may be required  
Application of rifampin, a strong CYP3A inducer, in DDI studies 
was halted in 2021 due to N-nitrosamine impurity findings. Most 
alternative CYP3A inducers are not ideal for healthy volunteer 
(HV) studies due to safety risks and varying dose effects  
Phenytoin remains as the most viable option for DDI studies  

Objectives
Our objective was to provide a comprehensive characterization 
of phenytoin-induced changes in drug exposure and of its safety 
profile.

Methods
A literature review of clinical trials was performed to evaluate 
the effect of phenytoin as a perpetrator on drug substrates  Area-
under the curve (AUC) fold change was calculated for each 
substrate  Phenytoin-related adverse events (AEs) were also 
noted  If available, results were compared to published rifampin 
DDI findings. 

Results 
Across 16 clinical trials (4 in patient, 12 in HVs), phenytoin 
doses ranged from 150-400 mg/day  Sensitive substrates like 
midazolam, nisoldipine and quetiapine all demonstrated ≥5-fold 
reduction in AUC with phenytoin co-administration  Altogether, 
phenytoin resulted in a mean (95% CI) AUC fold reduction of 
3 2 (1 3, 5 2)   Phenytoin-induced AUC fold decrease was similar 
to that of rifampin dosed at 600 mg/day (Figure 1)  Regarding 
safety, phenytoin administration was well tolerated in both 
patients and HVs with only were mild to moderate AEs and 
transient in nature  The most common AEs included skin rash 
and dizziness, reported in 7 and 5 studies, respectively  

Significance
Until uncontaminated rifampin batches become available, 
phenytoin can be used as a safe and effective inducer of CYP3A4 
in DDI studies  Furthermore, based on our clinical experience, 
we recommend 100 mg/d TID (total daily dose 300 mg/d) for at 
least 14 days  In line with published studies, we found this dose 
regimen to be generally safe and well tolerated in HVs 

 

 
*Phenytoin and/or anti-seizure medication co-administration in patients. ** Combination ritonavir and lopinavir therapy. 
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Figure 1. Exposure Fold Reduction with Phenytoin or Rifampin 
Co-Administration
 
*Phenytoin and/or anti-seizure medication co-administration in 
patients  ** Combination ritonavir and lopinavir therapy 

References
1  Backman JT et al  CPT 1996; 59(1): 7-13 
2  Backman JT et al  Epilepsia 1996; 37(3): 253-7 
3  Backman JT et al  CPT 2005; 78(2): 154-67 
4  Bullman J et al  Epilepsia 2011; 52(7): 1351-8 
5  Chhun S et al  BJCP 2009; 68(2): 226-37 



10 Abstracts Oral Presentations  |  June 1st  |  European Medicines Days 2022

W
EDNESDAY

FLASH PRESENTATION
6  Decloedt  EH et al  Antimicrob Agents Chemother 2011; 55(7): 

3195-200 
7  Fischer TL et al  CPT 2002; 72(3): 238-46 
8  Fleishaker JC et al  CPT 1994; 56(4): 389-97 
9  Greiner B et al  J Clin Invest 1999; 104(2): 147-53 
10  Grossman SA et al  Neuro Oncol 2008; 10(2): 190-8 
11. Gumbhir-Shah K et al. J Clin Pharmacol 1997; 37(2): 160-8.
12  Jayasagar G et al  Drug Metabol Drug Interact 2003; 19(4): 287-95 
13. Krishna G et al. Curr Med Res Opin 2007; 23(6): 1415-22.
14  Lim ML et al  JAIDS 2004; 36(5): 1034-40 
15  Michelucci R et al  Epilepsia 1996; 37(11): 1107-10 
16  Purkins L et al  BJCP 2003; 56 Suppl 1(Suppl 1): 37-44 
17  Rameis H  Eur J Clin Pharmacol 1985; 29(1): 49-53 
18  Randinitis EJ et al  Antimicrob Agents Chemother 2001; 45(9): 

2543-52 
19  Spaans E et al  Eur J Clin Pharmacol 2002; 58(6): 423-9 
20  Swaisland HC et al  Clin Pharmacokin 2005; 44(10): 1067-81 
21  Vlase L et al  Clin Drug Invest 2012; 32(8): 533-8 
22. Williamson KM et al. CPT 1998; 63(3): 316-23.
23  Wong YW et al  J Clin Psychopharmacol 2001; 21(1): 89-93 

ABS 88056650
Mimetic peptide release from inhalable microparticles 
embedding nanoparticles for heart targeting

Eride Quarta1, Ruggero Bettini1, Fabio Sonvico1, Daniele 
Catalucci2, Lorenzo Degli Esposti3, Michele Iafisco3, Francesca 
Buttini1, Gaia Colombo4, Paolo Colombo5

1Food and Drug Department, University of Parma, 43124, Parma, 
Italy 2Institute of Genetics and Biomedical Research, Milan Unit, 
National Research Council, Milan 20139, Italy 3Institute of Science 
and Technology for Ceramics, CNR, 48018 Faenza, Italy 4Department 
of Life Sciences and Biotechnology, University of Ferrara, 44121 
Ferrara, Italy 5PlumeStars SRL, 43125, Parma, Italy

Introduction
The MP release rate from inhalable microparticles embedding 
calcium phosphate (CaP)-NPs [1] loaded with therapeutic 
mimetic peptide (MP) [2] for heart targeting was in vitro studied  
The goal was to identify the location of the peptide within these 
solid structures and to model drug release for subsequent in vivo 
application 

Methods
To assess the mimetic peptide release from microparticles, the 
dry powder was dispersed in the release buffer, which was either 
10 mM HEPES at pH 7.4 to simulate the lung fluid environment 
or 10 mM acetate buffer at pH 4 5 to simulate the lysosome 
environment  Then, aliquots of this dispersion were introduced 
in five dialysis tubes one for each time point at 25 °C under gentle 
shaking and analyzed by HPLC  The degradation of CaP-NPs 
was monitored by quantifying Ca and P elements at each point by 
Inductively coupled plasma optical emission spectrometry 
Results: The drug release at pH 7 4 (Figure 1A) suggests that 
at early time, the free MP drug within the microparticles was 
completely dissolved  Then, the late time quasi-linear release, 
due to the drug fraction incorporated in nanoparticles, followed 
the controlled release kinetics of an erodible matrix [3]  At pH 
4 5, the CaP nanoparticles are soluble (Figure 1B), therefore the 
MP drug release is driven by the dissolution in acidic conditions 
of the CaP-NPs matrix system  
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Figure 1. MP release at pH 7.4 (A) and pH 4.5 (B) from microparticles embedding MP-loaded CaP-NPs.  

 
Since the appearance of Ca and P in solution must reflect the rate of dissolution of CaP-NPs, we searched for a correlation between 
the dissolution of nanoparticles and the release of peptide (Figure 2).  

 
Figure 2. Mimetic peptide release from microparticles embedding loaded CaP nanoparticles during Calcium (triangle) and 
Phosphorus (circle) dissolution rate at pH 4.5 (black symbols) and 7.4 (empty symbols). 
 
Conclusion: MP release kinetics from microparticles, at the pH of pulmonary fluid, reflects two conditions of peptide release: the 
first corresponds to the free, non-encapsulated drug fraction, likely adsorbed on CaP-NPs or dispersed in the microparticle. This 
portion accounts for approximately 15% of total MP content. The remaining drug was released under a controlled kinetics, 
mediated by nanoparticle dissolution, proving that the drug is incorporated in the CaP-NPs.  
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Figure 1. MP release at pH 7.4 (A) and pH 4.5 (B) from 
microparticles embedding MP-loaded CaP-NPs. 

Since the appearance of Ca and P in solution must reflect the rate of 
dissolution of CaP-NPs, we searched for a correlation between the 
dissolution of nanoparticles and the release of peptide (Figure 2)  
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Conclusion: MP release kinetics from microparticles, at the pH of pulmonary fluid, reflects two conditions of peptide release: the 
first corresponds to the free, non-encapsulated drug fraction, likely adsorbed on CaP-NPs or dispersed in the microparticle. This 
portion accounts for approximately 15% of total MP content. The remaining drug was released under a controlled kinetics, 
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Figure 2. Mimetic peptide release from microparticles embedding 
loaded CaP nanoparticles during Calcium (triangle) and 
Phosphorus (circle) dissolution rate at pH 4.5 (black symbols) 
and 7.4 (empty symbols).

Conclusion
MP release kinetics from microparticles, at the pH of pulmonary 
fluid, reflects two conditions of peptide release: the first 
corresponds to the free, non-encapsulated drug fraction, likely 
adsorbed on CaP-NPs or dispersed in the microparticle  This 
portion accounts for approximately 15% of total MP content  
The remaining drug was released under a controlled kinetics, 
mediated by nanoparticle dissolution, proving that the drug is 
incorporated in the CaP-NPs  
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Introduction
Healthcare professionals (HCPs) are informed about new 
drug safety issues through Direct Healthcare Professional 
Communications (DHPCs). The influence of content elements of 
the DHPC on their impact is unclear 

Objectives
To assess the effect of DHPC content elements on hospital-based 
HCPs’ preferences and stated action in response to the DHPC 

Methods
A survey study including a conjoint experiment was performed 
among hospital-based HCPs in the Netherlands  Hypothetical 
DHPCs varying on the levels of five content elements -‘frequency 
of the safety issue’ (uncommon, rare, or very rare), ‘severity of the 
safety issue’ (hospitalisation or life threatening and irreversible), 
‘need to take action’ (be alert or additional monitoring), ‘life span 
of drug involved’ (<10 years or >10 years), ‘type of evidence 
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supporting the safety issue’ (clinical trials or epidemiological 
studies/ spontaneous reports)- were constructed  Each respondent 
received eight out of a subset of 16 hypothetical DHPCs and was 
asked about (1) importance to be informed (fixed-point scale), 
(2) preferred communication moment (multiple options), and (3) 
their stated actions (multiple options)  Associations were tested 
using generalised linear mixed models  

Results
In total, 178 HCPs participated  DHPCs concerning more frequent 
or severe safety issues, or requiring action were associated with 
a higher perceived importance to be informed and a preference 
for immediate communication  Periodic communication was 
preferred for DPHCs concerning less frequent or severe safety 
issues  Communication at the moment of prescribing, e g , through 
a CPOE system was preferred for more frequent safety issues or 
those requiring additional monitoring  The most commonly stated 
action was to discuss the DHPC with colleagues  Monitoring 
was common when this was recommended  High frequency and 
severity were associated with more prescribing-related actions, 
such as reconsidering or discontinuing the drug, although these 
actions were not commonly stated  

Conclusion
Frequency and severity of the safety issue and the recommended 
action are likely to influence the impact of DHPCs. The 
moment of communication could be tailored depending on the 
content, where less urgent safety issues might be communicated 
periodically 

ABS 88076968
mRNA optimization for activation of Reprogramming 
Matrices: a system for chondrogenic differentiation  
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A  Vidal1, M  Garcia-Fuentes1   
1Center for Research in Molecular Medicine and Chronic 
Diseases, Santiago, Spain; 2Respiratory Therap Area, Novartis 
Inst, MA, USA; 3Dept. of Veterinary Clinical Sciences, Univ. of 
Santiago, Spain.

Articular cartilage lacks the capacity to self-regenerate when 
damaged  Our purpose is to enhance the regenerative process by 
the administration of transcriptions factors with a relevant role 
in the chondrogenic differentiation [1]  The transcription factors, 
encoded in mRNA form, were nanocomplexed and integrated 
in fibrin scaffolds. These constructs constitute the basic 
technology of our work, the mRNA-Reprogramming Matrices 
(mRMATRIXs) [2] 

Aims
The main aim of this work was to optimize the bioactive mRNA 
sequence and structure to enhance the regenerative process in 
cartilage tissue  

Methods
The first optimization of mRNA was performed by stabilizing their 
polyA tail molecular weight by changing the in vitro synthesis 
process  For the second optimization, we compared the mRNA 
with and without chemically modified nucleotides, obtaining 
normal mRNA, or chemically modified mRNA (cmRNA). This 
cmRNA is more stable and less immunogenic 
The expression potency and ability to trigger differentiation 
of these mRNAs were evaluated in cell cultures and in rabbit 
knee defects  mRMATRIXs were generated through a reaction 
between fibrinogen and thrombin. Expression of SOX9 and pro-
chondrogenic markers was quantified by RT-PCR and components 
of the extracellular environment were evaluated in the new tissues 

Results / Conclusions
The results of expression of pro-chondrogenic genes in cell 
cultures and in vivo showed an overexpression for activated 
mRMATRIXs, but specially for the those with cmRNA and 
the stabilized polyA tail  The new formed tissue showed higher 
concentrations of glycosaminoglycans when formed from 
cmRNA mRMATRIXs [Fig  1] 

 

 
Fig 1. Concentration of GAGs in the tissue engineered cartilage.  

Overall, mRMATRIXs with optimized mRNA showed an induction of SOX9 and an activation 
of pro-chondrogenic genes in vitro and in vivo, indicating their potential for cartilage 
differentiation. 
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Fig 1. Concentration of GAGs in the tissue engineered cartilage.
 
Overall, mRMATRIXs with optimized mRNA showed an 
induction of SOX9 and an activation of pro-chondrogenic 
genes in vitro and in vivo, indicating their potential for cartilage 
differentiation 
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Proteins are appealing material to generate nanoparticle-based 
drug delivery systems  Their biological origin makes them 
biocompatible, biodegradable and many present molecular 
recognition patterns [1]  Molecular biology and biotechnology 
tools also allow to engineer them for many applications  
However, there is still a lack of a productive, green, and industry-
friendly technology for their production 
Cell-free protein synthesis (CFPS) is an alternative technology 
to beat these methodological barriers  CFPS is merely based on 
using the cell machinery strictly needed for protein synthesis  
Without cell physiology constraining the reaction, the system is 
focused on protein synthesis and allows control at any step of the 
reaction [2] 

Aims
To explore CFPS to overcome the limitations of traditional cell-
based protein synthesis (CBPS)  
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Methods
VP40 matrix protein from Ebola virus, a monomer that self-
assembles in the form of Virus-like particles (VLPs) was used as 
a prototype to implement CFPS technology in the lab 
We expressed VP40 by both CFPS and CBPS by adding plasmid 
template codifying its sequence. VP40 monomer was identified by 
Western Blot (WB), VP40 VLPs size through photon correlation 
spectroscopy and particle morphology by electron microscopy 

Results/Conclusions
First, we produced VP40 VLPs by cell transfection in two cell 
lines, HEK293 and U87, as references of the wild-type VP40 
virions released Ebola virus cell infection  Afterwards, the 
same plasmid was used as a template for VP40 VLPs CFPS  A 
Western Blot analysis assured that  Sdoptera Frungipteda Spf9 
CFPS system was able to produce similar VP40 monomers and 
VP40 VLPs to those previous obtained by CBPS, with even less 
subunit polydispersity  
Summarizing, CFPS allows to produce VP40 VLPs similar to 
Ebola virus wild virions  Moreover, this technology is faster and 
allows higher control over the synthesis conditions  This method 
could be extended to generate other new functional nanocarriers 
of interest  

References
1  Molino NM, Wang SW  Caged protein nanoparticles for drug delivery  

Curr Opin Biotechnol 2014 August 01;28
2  Gregorio NE, Levine MZ, Oza JO  A User’s Guide to Cell-free Protein 

Synthesis  Methods Protoc 2019 March 12;2

ABS 88077223
Unintended impact of medicines regulatory interventions: a 
systematic with focus on data and methods 

T  Lasys1, Y  Santa-Ana-Tellez1, S J  Siiskonen1, R H H  
Groenwold2, H  Gardarsdottir1,3,4

1Division of Pharmacoepidemiology and Clinical Pharmacology, 
Utrecht Institute for Pharmaceutical Sciences, Utrecht 
University, Utrecht, The Netherlands, 2Leiden University Medical 
Centre, Leiden, the Netherlands, 3Department of Pharmaceutical 
Sciences, School of Health Sciences, University of Iceland, 
Reykjavik, Iceland, 4Department of Clinical Pharmacy, 
University Medical Centre Utrecht, the Netherlands

In 2012, the Pharmacovigilance legislation was implemented  A 
set of practical guidelines called the Good pharmacovigilance 
practices (GVP) was developed to support this legislation  The 
EMA updates of the GVP in 2017 emphasised the need to assess 
the possible unintended impact of risk minimisation measures 
(RMMs) when measuring their impact, but it is unknown to 
what extent studies measuring the impact of RMMs include 
assessments of the unintended impacts 

Aims
To assess whether and how the unintended impact of drug 
regulatory interventions was measured in the EU Member States 
since 2012, focusing on the methodological aspects of these 
studies 

Methods
A systematic literature review was conducted in MEDLINE 
and EMBASE, from 1 January 2012 until 28 February 2022, to 
identify studies investigating the impact of RMMs implemented 
at least on a national level in any EU country  We excluded 
articles using data from surveys and questionnaires  Extracted 
data included: regulatory interventions, drugs, data sources, 
outcomes of interest, methodology, and key findings.

Results / Conclusions
Our search identified 3628 articles, of which 130 articles were 
included for full-text review  The unintended impact of RMMs 
was assessed in only 16 out of selected 131 studies (12%)  Drug 
classes in unintended impact studies included antipsychotics 
(n=5) and antidiabetics (n=3)  The most frequently used 
methods for assessing the unintended impact of RMMs were 
interrupted time series (n=7), followed by descriptive statistics 
with significance testing (n=5) and descriptive statistics (n=3). 
Outcome measures for unintended impact were the use of drug 
substitutes (n=10) and changes in health outcomes (n=7), with 
only one study assessing both 
This systematic review shows that only a minority of impact 
studies of RMMs measured the unintended impact of these 
interventions since 2012 

ABS 88079543
Implementation of sick day guidance in primary care: the 
healthcare provider perspective 
 
T  Coppes1, E.S. Koster1, T  van Gelder2, M L  Bouvy1 
1Division of Pharmacoepidemiology and Clinical Pharmacology, 
Utrecht Institute for Pharmaceutical Sciences (UIPS), Faculty of 
Science, Utrecht University, 2Department of Clinical Pharmacy 
& Toxicology, Leiden University Medical Center 

Introduction
Patients with an impaired renal function are at increased risk 
of drug-related problems during periods of dehydration such 
as vomiting, diarrhea, fever or high environment temperatures  
Temporarily adjusting or discontinuing medication that may 
reduce GFR such as RAAS inhibitors, diuretics or SGLT-2 
inhibitors  might be a solution to this problem  This temporary 
pause is referred to as “sick days guidance”  So far, it is unclear 
what is already being done in daily practice and what poses 
possible barriers or facilitators to implement sick day guidance 
in routine practice 

Objective
To gain insight in the current knowledge, barriers and facilitators 
of healthcare providers in implementing sick day guidance in 
daily practice 

Methods
In this qualitative research, semi-structured interviews were 
conducted between October and December 2021  Interviews 
were audio recorded and transcribed verbatim  A thick analysis 
approach was used, combining inductive and deductive coding 

Results 
A total of 33 interviews were conducted with 13 pharmacists, 
9 general practitioners and 11 hospital based physicians  Most 
healthcare providers indicated need for clear agreements on who 
is responsible for the medication management during sick days  
Additionally, healthcare providers indicated that a guideline 
on when and how to adjust medication is needed   Lastly, the 
importance of informing the patients about the existence, risk and 
medication management on sick days was a recurring subject  
Several participants emphasized that the message should be 
harmonized and similar information should be provided by all 
the different involved healthcare providers 

Conclusions 
Implementation of sick day guidance requires a multi-
disciplinary approach  It is important to make agreements 
about responsibilities and collaboration between the different 
healthcare providers in order to successfully implement sick day 
guidance   
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ABS 88079831
Set-up of in vitro and ex vivo assessment of ophthalmic sprays 

S  Pescina, C  Cigarini, F  Sonvico, C  Padula, P  Santi, S  Nicoli
ADDRes Lab, Dept. of Food and Drug, University of Parma, 
Parma, Italy

Ocular delivery via eyedrops, the most common formulation 
used for therapeutic and diagnostic purpose, often requires 
repeated administrations  Spraying the solution directly onto eye 
surface can be a possible more compliant alternative to eyedrops 
as confirmed by some articles published in the last decades 
and reporting the successful use of sprays in clinical practice, 
for adult and pediatric population  However, only a negligible 
number of studies addresses the characterization of ocular sprays 
and devices producing them  

Aims
Aim of the work is the setting-up of in vitro and ex vivo 
assessment of ocular sprays in view of their introduction in 
clinical practice  Three diagnostic agents have been chosen as 
model drugs: the corneal dye fluorescein (F), and the mydriatic 
agents phenylephrine (P) and tropicamide (T)  Two commercially 
available metering pumps, used as ocular medical devices, were 
selected and combined with three home-made applicators, 
different for geometry (cylinder and cone) and material 

Methods
Emitted volume was gravimetrically quantified and droplet size/
distribution produced by metering pumps, also in the presence 
of the different applicators, were measured by a particle size 
analyser  Speed and geometry of the emitted aerosol were 
also determined  Then, the amount of P and T retained within 
fresh porcine corneas after mist administration was quantified 
and compared to eyedrops in a validated ex vivo eye model  
Distribution pattern of F onto corneal surface was mapped using 
a fluorescence plate reader.

Results/Conclusions
The two metering pumps were comparable in term of emitted 
dose (~68 µl), while they differed for size distribution of the 
droplets, spray angle and speed  Applicators reduced the spray 
speed, almost 10-times (2 0±0 1 vs 0 3±0 1 m/s), as well as the 
effective volume emitted (from 20 to up 90% reduced dose), the 
droplets impact being higher for the conical shaped applicator 
when compared to the cylindrical one  Despite a lower emitted 
volume, the homogeneous distribution of droplets, visually 
observed with F, allowed for a comparable or even higher 
(depending on the combination pump-applicator) retention of P 
and T inside cornea with respect to eyedrops 
Collected data confirm ocular spays as alternative to eyedrops 
and validate the use of the proposed approaches as suitable for 
their characterization  

ABS 88096899
Physician’ perspectives on biosimilars in Iceland
L M  Einarsdóttir1, A B  Almarsdóttir1, L C  Druedahl2  
1Dept. of Pharmacy, 2Centre for Advanced Studies in Biomedical 
Innovation Law (CeBIL), University of Copenhagen, 
Copenhagen, Denmark

Introduction
Biological medicines are important treatments of a variety of 
chronic diseases  Biosimilars arehighly similar versions of the 
originator products and the safety and efficacy are demonstrated 
based on biosimilarity studies  On 1 January 2021, a new 
medicines legislation came into force in Iceland creating a 
new administration system for pharmaceuticals  However, no 

policy regarding the use of biosimilars has yet been devised and 
implemented in the country 

Aims
To explore in-depth physicians’ views on and experiences with 
prescribing biosimilars in Iceland 

Methods
Individual internet-based, semi-structured interviews were 
conducted using a mix of purposive and snowballing sampling 
techniques for the recruitment of physicians from rheumatology, 
gastrology, oncology, dermatology, hematology, nephrology, 
endocrinology, and internal medicine; and who prescribe 
biological medicines  The data was analyzed by an inductive 
approach 

Results
Fourteen physicians were interviewed during 2021  In this 
preliminary analysis five major themes emerged 1) Experience 
with switching patients, 2) Rationale behind switching, 3) 
Communication, 4) Information needs, and 5) Views on the 
system  The participants viewed biosimilars as an option in their 
treatment of patients. Their views were influenced by concerns 
about safety, efficacy, experiences, and their knowledge about 
biosimilars  Their main rationale behind switching was social 
responsibility  Mandatory switching was preferred by the majority 
of participants, as it was seen as fairer than switching patients 
individually  It was evident that doctors’ phrasing of information 
is extremely important for patients to gain trust in biosimilars  
Participants wished for a guideline for communicating with 
patients as this would add consistency among the physicians  

Conclusions
Physicians were ready to prescribe biosimilars and preferred to 
have mandatory switching implemented as it was seen as fairer 
and more socially responsible  They suggested guidelines that 
standardize communication to patients about switching between 
biologics  

ABS 88097023
β-2 Adrenergic Receptor Polymorphism induced by ADRB2 
Mutation among Jordanian Population-Comparison between 
Asthmatic Patients and Healthy Individuals  
 
N  Hakooz1, E  Odat2, M  Al Shhab2, M  Zihlif2 
1Dept. of Biopharma. And Clinical Pharmacy, School of 
Pharmacy, University of Jordan, Amman, Jordan; 2Dept. of 
Pharmacology, School of Medicine, The University of Jordan, 
Amman, Jordan

Asthma is a serious health issue that’s mainly presented with 
bronchoconstriction as a result of bronchial hyperresponsiveness  
Β-2 agonists serve as the rescue medication for asthmatic patients 
being the first-line treatment due to reversing bronchoconstriction. 
Bronchodilation takes place after the binding of β-2 agonists 
to ADRB2 receptors  Some single nucleotide polymorphisms 
(SNPs) of the ADRB2 receptor gene, mainly presented by 
rs1042713 and rs1042714 are thought to play an important role in 
asthma prevalence, downregulation of receptors, and variability 
in response to bronchodilators 

Aims
Studying the interindividual variability in the ADRB2 gene by 
determining the allele frequency for rs1042713 and rs1042714 
genetic polymorphisms in two groups of asthmatic and healthy 
Jordanian individuals, comparing them to each other as well as 
comparing allele frequencies with other populations 
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Methods
A total of 208 unrelated Jordanians; 102 asthmatic patients and 
106 healthy individuals were genotyped for rs1042713 and 
rs1042714 by using PCR and RFLP 

Results / Conclusions
High variant allele frequencies were seen in both asthmatics and 
healthy individuals of the Jordanian population for both SNPs 
rs1042713 and rs1042714, but no significant difference was seen 
between healthy and asthmatic patients  Although differences 
in frequencies were seen in comparison to some other Arab 
populations. These findings provide genetic information that may 
serve as a basis for larger studies designed to assess variability 
associated with ADRB2 polymorphisms  They also provide data 
for the implementation of pharmacogenetics in personalized 
medicine for Jordanian asthmatic patients 

References
1  De Paiva A C Z , de Lima Marson F A , Ribeiro J D , and Bertuzzo 

C S  (2014), Asthma: Gln27Glu and Arg16Gly polymorphisms of 
the beta2-adrenergic receptor gene as risk factors  Allergy, Asthma & 
Clinical Immunology, 10(1), 8 

ABS 88101527
Is there generic competition for orphan drugs? An analysis of 
drugs for non-oncological indications

S  van den Berg1,2, L  Timmers3, A.K. Mantel-Teeuwisse4, S J  de 
Visser1, C E M  Hollak1,2

1Medicine for Society, Platform at Amsterdam UMC location 
University of Amsterdam, Amsterdam, The Netherlands, 
2Amsterdam UMC location University of Amsterdam, Division of 
Endocrinology and Metabolism, Amsterdam, The Netherlands, 
3National Health Care Institute (Zorginstituut Nederland), 
Diemen, The Netherlands, 4Division of Pharmacoepidemiology 
and Clinical Pharmacology, Utrecht Institute for Pharmaceutical 
Sciences, Utrecht University, Utrecht, Netherlands

Introduction
Over 150 orphan medicinal products (OMPs) have been 
authorized for rare diseases of which metabolic diseases account 
for the largest proportion after oncology  Initial prices are often 
high, yet development of generic or biosimilar versions of OMPs 
is believed to be limited and prices of competitors to remain high 

Objectives
Our aim was to quantify the claims above  The research 
questions were: how many out-of-patent and out-of-market 
exclusivity non-oncological OMPs have an authorized generic or 
biosimilar version? What happens to the list price of OMPs in the 
Netherlands after expiration of patents and market exclusivity?

Methods
OMPs were included if approved between 1-1-2000 and 1-1-
2011, market exclusivity expired or was withdrawn after at least 
five years and still authorized on 1-1-2021. OMPs with active 
intellectual property protection according to the Dutch patent 
database, FDA’s Orange and Purple Book, and Espacenet, were 
excluded  Data on generics or biosimilars of the remaining 28 
OMPs were retrieved from databases of the EMA and Dutch 
Medicine Evaluation Board  List price data was gathered from 
the Dutch database Z-index 

Results
Only nine out of 19 chemical non-oncological out-of-patent 
and out-of-market exclusivity OMPs had an authorized generic 
version  For the nine biological OMPs, no biosimilar version 
was authorized  Based on a preliminary analysis, we found three 

types of list price trends  1) No change  2) A decrease forced by 
the Dutch Medicines Prices Act (WGP)  3) A decrease to a list 
price lower than the maximum price according to the WGP 

Conclusions 
The results show that a limited number of generic or biosimilar 
versions of non-oncological OMPs are introduced  Price 
decreases are mainly the result of the WGP and possibly due 
to competition of generic versions or introduction of another 
medicine for the same indication  The next step is to investigate 
the influence of undisclosed discounts negotiated by insurers 
and hospitals  Negotiations or forced price reductions could be a 
solution to lower budget impact 

ABS 88264073
Reflection on the regulatory status quo of polymeric micelles 
as innovative nanocarriers
 
B  Sipos1, G. Katona1, I  Csóka1

1Institute of Pharmaceutical Technology and Regulatory Affairs, 
Faculty of Pharmacy, University of Szeged, Hungary

Nano drug carriers are a promising solution if the aim is to increase 
the bioavailability of an active pharmaceutical ingredient  
Prominent examples of this are polymeric micelles, for which the 
regulatory background is established by a reflection paper on the 
Development of Block Copolymer Micelle Medicinal Products 
by the European Medicines Agency  

Aims
Within the framework of our research work, we wanted to examine 
how the regulatory background relates to the drug development 
trends of our time and the expectations set by pharmaceutical 
industry and patient expectations  Also, an initial risk assessment 
was performed to aid further researchers regarding this specific 
carrier system  

Methods
Regulatory standards and set-up requirements for polymeric 
micelles were evaluated in accordance with current literature data 
from the past 10 years regarding polymeric micelle development  
Quality by Design (QbD) was chosen to be the systematic and 
holistic tool to determine which factors have the highest influence 
on polymeric micelle product quality, safety and efficacy in a 
two-step risk assessment process based on interdependence and 
probability  LeanQbD® Software (QbD Works LLC, Fremont, 
CA, USA) was used for the risk assessment procedure 

Results / Conclusions
The novelty of the work was that polymeric micelles were 
evaluated systematically on the basis of knowledge and risk, as 
these nanotherapeutics require a special regulatory environment  
The QbD methodology offered a thoroughly quality-focused 
assurance system, which proved to be useful in the case of 
polymeric micelles  As further perspective, knowledge of the 
risk factors on regulatory requirements provides an important 
basis for quality and process control and allows for an easier to 
manage, more efficient manufacturing process.
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1. EMA. Joint MHLW/EMA Reflection Paper on the Development of 

Block Copolymer Micelle Medicinal Products; EMA: Amsterdam, 
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2  ICH  Quality Risk Management Q9; ICH Harmonised Tripartite 
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ABS 87945799
Anakinra repurposing in Cystic Fibrosis through inhalation 
drug delivery technology 

M  Puccetti1, M  Pariano2, C  Stincardini2, I  Polidori1, P  Wojtylo1, 
C  Costantini2, A  Schouben1, M  Ricci1 and S  Giovagnoli1

1Department of Pharmaceutical Science and 2Department of 
Medicine and Surgery, University of Perugia, Perugia, 06132, 
Italy

Anti-inflammatory therapy that dampens tissue inflammation 
without impairing the mechanisms of defence against pathogens 
are highly needed in Cystic fibrosis (CF), a multi-system disease 
in which mucus alteration, infection, and inflammation are 
tightly intertwined 

Aims
It has been shown that anakinra, a recombinant form of the 
endogenous IL-1 receptor antagonist, inhibited inflammasome-
dependent inflammation in CF without impairing antimicrobial 
resistance (1)  To overcome the limitations of the systemic effects 
of the current once-a-day subcutaneous injection, in this work we 
have performed a preclinical study to evaluate the efficacy of an 
inhalable formulation of anakinra 

Methods 
Spray-dried formulated anakinra was fabricated using a Mini 
Spray-dryer model B-290 (Büchi, Switzerland) and different 
excipients  Spray-drying was performed, in co-current mode, by 
a spray-dryer equipped as described (2)  Particle morphology, 
surface characteristics and particle aggregation of spray-dried 
microparticles were assessed by scanning electron microscopy  A 
PSS Accusizer C770 equipped with an autodilution system was 
employed to measure particle size distributions  Protein integrity 
was assessed by Raman spectroscopy  The functional activity 
was assessed in vitro on human cells and in vivo in a murine 
Aspergillus fumigatus lung infection (2) using a dry powder 
insufflator model DP-4M (Penn-Century Inc., Wyndmoor, PA, 
USA) 

Results
The results (Figure below) are summarized as follows:

 

Anakinra repurposing in Cystic Fibrosis through inhalation drug delivery technology  
M. Puccetti1, M. Pariano2, C. Stincardini2, I. Polidori1, P. Wojtylo1, C. Costantini2, A. 
Schouben1, M. Ricci1 and S. Giovagnoli1 
1Department of Pharmaceutical Science and 2Department of Medicine and Surgery,  
University of Perugia, Perugia, 06132, Italy 
 
Anti-inflammatory therapy that dampens tissue inflammation without impairing the 
mechanisms of defence against pathogens are highly needed in Cystic fibrosis (CF), a multi-
system disease in which mucus alteration, infection, and inflammation are tightly intertwined. 
Aims 
It has been shown that anakinra, a recombinant form of the endogenous IL-1 receptor 
antagonist, inhibited inflammasome-dependent inflammation in CF without impairing 
antimicrobial resistance (1). To overcome the limitations of the systemic effects of the current 
once-a-day subcutaneous injection, in this work we have performed a preclinical study to 
evaluate the efficacy of an inhalable formulation of anakinra. 
Methods  
Spray-dried formulated anakinra was fabricated using a Mini Spray-dryer model B-290 (Büchi, 
Switzerland) and different excipients. Spray-drying was performed, in co-current mode, by a 
spray-dryer equipped as described (2). Particle morphology, surface characteristics and particle 
aggregation of spray-dried microparticles were assessed by scanning electron microscopy. A 
PSS Accusizer C770 equipped with an autodilution system was employed to measure particle 
size distributions. Protein integrity was assessed by Raman spectroscopy. The functional 
activity was assessed in vitro on human cells and in vivo in a murine Aspergillus fumigatus lung 
infection (2) using a dry powder insufflator model DP-4M (Penn-Century Inc., Wyndmoor, PA, 
USA). 
Results. The results (Figure below) are summarized as follows: 

 
the anakinra inhalable formulations showed good performances in terms of respirable fraction, 
as by aerodynamic assessment (left panel), retained a nearly complete IL1-b inhibitory activity 
in vitro (middle panel) and ameliorated lung inflammatory pathology in Aspergillus-infected 
mice (right panel) without causing neutropenia, a known side effect of the subcutaneous 
administration. 
Conclusions  
The results indicate the excellent pharmacological profile of inhaled anakinra in its ability to 
exert local anti-inflammatory activity with minimal systemic effects. 
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the anakinra inhalable formulations showed good performances 
in terms of respirable fraction, as by aerodynamic assessment 
(left panel), retained a nearly complete IL1-β inhibitory activity 
in vitro (middle panel) and ameliorated lung inflammatory 
pathology in Aspergillus-infected mice (right panel) without 
causing neutropenia, a known side effect of the subcutaneous 
administration 

Conclusions 
The results indicate the excellent pharmacological profile of 
inhaled anakinra in its ability to exert local anti-inflammatory 
activity with minimal systemic effects 
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ABS 88085887
Dry powder formulation of cyclosporine-loaded liposomes 
for immunosuppressive treatment 

Davide D’Angelo1, Fabio Sonvico1, Francesca Buttini1

1Dept. of Food and Drug, University of Parma, Parma, Italy

Our research brings to the development of a dry powder for 
inhalation containing calcium phosphate coated (CaP) liposomes, 
loaded with CsA, for the prevention of rejection following lung 
transplantation and potentially in the treatment of Covid-19 
acting on the inflammatory process and viral replication1,2 

Aims
This work aimed to develop a novel type of inhalation powder 
containing CsA loaded in liposomes for local administration to 
the lung  The formulation was designed to reduce the dose of 
CsA to be administered following lung transplantation 

Methods
The liposomes were formulated by mixing lecithin, solubilized 
in ethanol, with the water-ethanol solution containing CsA  After 
the homogenization, the CaP coating was produced by adding 
CaCl2·2H2O and Na2HPO4·2H2O 
Batches A, B and C were prepared respectively with 4 8, 7 or 9% 
(w/w) of CsA to maximize the drug loading  Starting from 7% 
of CsA two batches were produced, containing 30% or 20% of 
cholesterol to assess the effect of this excipient on the liposome's 
physical characteristics  Liposomes were characterized in terms 
of size, PDI and zeta potential 
The presence of the CaP coating was verified by calcium titration, 
variation of the zeta potential and by cryo-TEM 
The liposomes were spray-dried using mannitol as bulking agent  
Leucine 15% (w/w) or sodium stearate 0 5% (w/w) were added 
as lubricants  The ratio between liposomes and excipients was 
1:3  

Results / Conclusions 
From the results obtained, it is possible to conclude that CsA can 
be loaded into liposomes at a maximum value of 8 6% (w/w)  Such 
liposomes were efficiently coated with a CaP. The cholesterol 
did not improve the physical stability of the liposomes  Batch B 
was, therefore, spray-dried by adding mannitol and leucine  This 
formulation showed an efficient emission from the device (ED> 
75%) and a fraction below 5 μm of around 33%. 

Figure 1. Cryo-TEM images of uncoated liposomes (A); coated 
liposomes (B) and coated liposomes containing cholesterol (C).
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Development of nasal donepezil powder platform employing 
statistical design 
 
M. Perkušić1, L. Nižić Nodilo2, I  Ugrina2, D. Špoljarić3, C  
Jakobušić Brala1, I. Pepić1, D  Zadravec4, L. Kalogjera5, A  
Hafner1

1University of Zagreb, Faculty of Pharmacy and Biochemistry, 
Zagreb, Croatia; 2Intellomics Ltd, Split, Croatia; 3Visage 
Technologies d.o.o., Zagreb, Croatia; 4Department of Diagnostic 
and Interventional Radiology, Sestre milosrdnice University 
Hospital Center, University of Zagreb, Zagreb, Croatia; 5ENT 
Department, Zagreb School of Medicine; Sestre milosrdnice 
University Hospital Center, Zagreb, Croatia

Introduction
Oral delivery of anti-dementia drug donepezil hydrochloride 
(DH) is related to several disadvantages such as gastrointestinal 
side effects and low bioavailability in the brain (1)  Nasal 
administration of DH may provide its efficient and direct delivery 
to the brain via olfactory nerve that innervates olfactory region of 
the nasal cavity  Nasal powders have shown encouraging results 
in nose-to-brain drug delivery (2)  

Aims
This work aims to develop DH nasal powder platform by spray 
drying, employing Quality by Design (QbD) principles using 
statistical design of experiments (DoE)  By coupling formulation, 
process and administration parameters the aim is to generate free-
flowable powder with appropriate degree of swelling and spray 
cone angle, that will result in localised olfactory nasal deposition  

Methods
DH nasal powders were prepared by spray dryer equipped with 
ultrasonic nozzle  Statistical design of experiments (JMP 14 0 
software, USA) was employed in optimization of spray dried DH 
(Carbosynth Ltd., UK) loaded chitosan (Sigma Aldrich, USA) 
and mannitol (BDH Prolabo, UK) microspheres. DH loaded 
chitosan/mannitol (DH/C/M) were characterized in terms of 
flow properties, spray cone angle and degree of swelling. Nasal 
deposition studies were performed using a representative 3D 
printed nasal cast connected to respiratory pump simulating 
breathing conditions 

Results / Conclusions
Spray dried DH/C/M microspheres have been successfully 
prepared by spray drying  Powders exhibited adequate swelling: 
volume of simulated nasal fluid absorbed per mg of chitosan in 
the swelling process was between 27 7±2 8 and 67 0±0 7 mg/
mL. Prepared microspheres were characterised in terms of flow 
properties (Hausner ratio between 1 15±0 06 and 1 32±0 07) and 
spray cone angle (22.5˚±0.5–28.3˚±0.9). QbD approach coupling 
formulation, process and administration parameters enabled 
optimisation of DH deposition profile reaching tremendously 
high percent of the applied dose deposited in the olfactory region 
(13 9±1 9–65 5±0 2%)  

Statistical design enabled rational preparation of spray dried 
DH/C/M microspheres that showed favourable swelling and 
sprayability properties  Nasal deposition studies revealed the 
potential of strategy employed to deliver drug to the targeted 
regions of nasal cavity 
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ABS 88099498
Micro/nano system for the release of drugs through 
pulmonary route

Lorena Valverde-Fraga1,2, Razan Haddad2, Noemi Csaba1,2, 
Carmen Remuñán1

1Department of Pharmacology,Pharmacy and Pharmaceutical 
Technology,School of Pharmacy,University of Santiago de 
Compostela Spain 2Center for Research in Molecular Medicine 
and Chronic Diseases (CIMUS),University of Santiago de 
Compostela, Spain 

Tuberculosis is one of the top 10 worldwide causes of death from 
a single infectious agent  Although the oral route is commonly 
effective and recommended, it is often associated with side effects 
and drug resistance  Targeting the treatment directly to the lungs 
offers the therapeutic benefit of faster onset of action, greater 
efficacy and reduced side effects. In this context, microparticles 
larger than 5 μm and low density show interest for the pulmonary 
delivery of drugs  Preliminary studies show that sporopollenin 
microcapsules (purified pollen grains) meet this characteristics, 
being an interesting alternative 

Aims
Rifabutin was formulated into a pulmonary delivery system, using 
different chitosan-based compositions for their future microencap-
sulation into sporopollenin microcapsules for lung delivery  

Methods
The nanocapsules (NCS) were prepared by solvent displacement  
The core consisted of a combination of oils and surfactans to allow 
optimal association of the drug  NCS were characterized (size, 
polydispersity index, surface charge, morphology, biological 
stability and drug release)  Then sporopollenin microcapsules 
were loaded with the nanocarriers using techniques previously 
developed by our group 

Results/Conclusions
The size of the NCS was found in the range of 150-200nm 
with PDI less than 0 2 and the zeta potential was positive in all 
cases. Moreover, the encapsulation efficiency of the optimized 
formulation was above 50% and the carriers provided a 
continuous release of the drug for at least 24h  TEM analysis 
showed a spherical shape and our studies showed that the 
nanocapsules were stable with time  In vitro studies indicated 
that were well tolerated by lung cells  Results emphasized that, 
the prepared delivery system could be interesting candidate for 
drug delivery trough the pulmonary route  Microencapsulation 
within sporopollenin microcapsules is currently in progress 

 

88099498_7617479 
Micro/nano system for the release of drugs through pulmonary route 
 
Lorena Valverde-Fraga1,2, Razan Haddad2, Noemi Csaba1,2, Carmen Remuñán1 
1Department of Pharmacology,Pharmacy and Pharmaceutical Technology,School of 
Pharmacy,University of Santiago de Compostela Spain 2Center for Research in Molecular 
Medicine and Chronic Diseases (CIMUS),University of Santiago de Compostela,Spain  

Tuberculosis is one of the top 10 worldwide causes of death from a single infectious agent. 
Although the oral route is commonly effective and recommended, it is often associated with 
side effects and drug resistance. Targeting the treatment directly to the lungs offers the 
therapeutic benefit of faster onset of action, greater efficacy and reduced side effects. In this 
context, microparticles larger than 5 μm and low density show interest for the pulmonary 
delivery of drugs. Preliminary studies show that sporopollenin microcapsules (purified pollen 
grains) meet this characteristics, being an interesting alternative. 

Aims 
Rifabutin was formulated into a pulmonary delivery system, using different chitosan-based 
compositions for their future microencapsulation into sporopollenin microcapsules for lung 
delivery.  
 
Methods 
The nanocapsules (NCS) were prepared by solvent displacement. The core consisted of a 
combination of oils and surfactans to allow optimal association of the drug. NCS were 
characterized (size, polydispersity index, surface charge, morphology, biological stability and 
drug release). Then sporopollenin microcapsules were loaded with the nanocarriers using 
techniques previously developed by our group. 
 
Results/Conclusions 
The size of the NCS was found in the range of 150-200nm with PDI less than 0.2 and the zeta 
potential was positive in all cases. Moreover, the encapsulation efficiency of the optimized 
formulation was above 50% and the carriers provided a continuous release of the drug for at 
least 24h. TEM analysis showed a spherical shape and our studies showed that the nanocapsules 
were stable with time. In vitro studies indicated that were well tolerated by lung cells. Results 
emphasized that, the prepared delivery system could be interesting candidate for drug delivery 
trough the pulmonary route. Microencapsulation within sporopollenin microcapsules is 
currently in progress. 

 

References: 
1. Csaba et al. US20200129575A1.  
2. Ageitos, J.M.;Valverde-Fraga et al. Purification of Hollow Sporopollenin Microcapsules from 

Sunflower and Chamomile Pollen Grains. Polymers 2021, 13, 2094 References
1  Csaba et al  US20200129575A1  
2. Ageitos, J.M.;Valverde-Fraga et al. Purification of Hollow 

Sporopollenin Microcapsules from Sunflower and Chamomile Pollen 
Grains  Polymers 2021, 13, 2094
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ABS 87552160
Manufacturing changes pose a challenge for nanomedicines: 
The iron carbohydrate example
 
B  Flühmann1

1Vifor (International) Ltd., St Gallen, Switzerland 

Iron-carbohydrate complexes for the treatment of iron deficiency 
are widely used parenteral nanomedicines  As injection of iron 
salts is toxic, ferric oxyhydroxide-carbohydrate complexes 
were developed with specific pharmacological and clinical 
profiles defined by their composition and nanoparticle properties 
(1)  Manufacturers and regulatory agencies recognized that 
manufacturing is critical to the quality of these products 
and any changes to the process have the potential to affect 
the pharmacological properties of these drugs (1,2)  Any 
manufacturing change requires a thorough understanding of 
critical quality attributes  As our understanding of the product 
and the analytical technologies advance during a product’s life 
cycle it is key to regularly revisit the control strategy and refine 
the critical process and product parameters  This approach is 
even more important for nanomedicines which are defined by 
the manufacturing process and due to their complexity of the 
drug substance cannot be fully characterized by physicochemical 
means  

Aims
Our goal was to develop an array of physicochemical 
characteristics to allow for a comparability exercise during a 
scale up of the manufacturing process for ferric carboxymaltose 
and to accordingly update our registration dossier  

Methods
Critical properties of the drug substance and drug product were 
identified, and orthogonal analytical tests are developed and 
evaluated regarding robustness and sensitivity to discriminate 
potential product differences 

Results / Conclusions
In total, 25 orthogonal methods were developed and the regulatory 
dossier for characterization of the drug substance was updated 
with respect to particle size/distribution, molecular weight/
distribution, particle morphology, molecular ratios of iron, 
free and bound carbohydrate, iron core size, iron crystallinity, 
labile iron, iron(II) content, magnetic properties, reduction 
potential, carbohydrate composition, carbohydrate structure, 
particle surface properties and impurities  This is increasing our 
knowledge to better understand any impact of manufacturing 
changes and the robustness of the control strategy on critical 
quality attributes of the product 

References
1  Funk F , Int  J  Mol  Sci  2022, 23, 2140
2  EMA/CHMP/SWP/620008/2012

ABS 88052182
In-vitro, ex-vivo and cytotoxicity evaluation of hydrocortisone-
loaded nanofiber for colon targeting

S  Saar1, A. Yıldız1, E. Yıldırım1, R  Uyar2, Y  Turgut2, B  
Yurdakok-Dikmen2, F. Tuğcu-Demiröz1, F  Acartürk1

1Gazi University, Department of Pharmaceutical Technology, 
Ankara, Turkey; 2Ankara University, Veterinary Faculty, 
Department of Pharmacology and Toxicology, Ankara, Turkey

Introduction
Hydrocortisone (HC), a corticosteroid drug, is used in 
the treatment of inflammatory bowel disease (IBD). FDA 
approved methyl methacrylate polymers is easily available and 
biocompatible with pH sensitive dissolution and permeation 
properties.1 Therapeutic efficacy increases with local treatment 
by targeting the colon with these polymers 2 The aim of this 
study is to develop nanofiber formulations for the treatment of 
IBD using different Eudragit types and to determine in-vitro, ex-
vivo and cytotoxic characterization 

Methods
The HC loaded nanofibers were prepared with electrospinning 
using Eudragit L100-55 and S100  Differential scanning 
calorimetry (DSC) studies were carried out  Drug release studies 
of nanofibers were performed at pH 1.2, pH 6.8 and pH 7.4 
with USP App  I and the drug release kinetics were assessed  
Permeability properties of nanofibers were evaluated with Franz 
diffusion cell using cow colon tissue  Cytotoxicity studies were 
performed using MTT assay on RAW 264 7 cell line 

Results/Conclusions 
Nanofibers were successfully produced. According to DSC 
results, no interaction was observed among the formulation 
components. HC-loaded nanofibers provided 8-45% release at 
pH 1 2 at the end of 2 hours and reached 100% at the end of 24 
hours. According to the results, the highest flux and permeability 
were calculated whereas the lowest cytotoxicity was obtained for 
E6 formulation (Table 1)  Overall, E6 was found to be the most 
promising formulation for colon targeting 

Table 1. The component and characterization result of 
formulations

 

 

88052182_7605197 
In-vitro, ex-vivo and cytotoxicity evaluation of hydrocortisone-loaded nanofiber for 
colon targeting 
S. Saar1, A. Yıldız1, E. Yıldırım1, R. Uyar2, Y. Turgut2, B. Yurdakok-Dikmen2, F. Tuğcu-
Demiröz1, F. Acartürk1 

1Gazi University, Department of Pharmaceutical Technology, Ankara, Turkey; 2 Ankara 
University, Veterinary Faculty, Department of Pharmacology and Toxicology, Ankara, 
Turkey 
Introduction 
Hydrocortisone (HC), a corticosteroid drug, is used in the treatment of inflammatory bowel 
disease (IBD). FDA approved methyl methacrylate polymers is easily available and 
biocompatible with pH sensitive dissolution and permeation properties.1 Therapeutic efficacy 
increases with local treatment by targeting the colon with these polymers.2 The aim of this study 
is to develop nanofiber formulations for the treatment of IBD using different Eudragit types and 
to determine in-vitro, ex-vivo and cytotoxic characterization. 
Methods 
The HC loaded nanofibers were prepared with electrospinning using Eudragit L100-55 and 
S100. Differential scanning calorimetry (DSC) studies were carried out. Drug release studies 
of nanofibers were performed at pH 1.2, pH 6.8 and pH 7.4 with USP App. I and the drug 
release kinetics were assessed. Permeability properties of nanofibers were evaluated with Franz 
diffusion cell using cow colon tissue. Cytotoxicity studies were performed using MTT assay on 
RAW 264.7 cell line. 
Results/Conclusions  
Nanofibers were successfully produced. According to DSC results, no interaction was observed 
among the formulation components. HC-loaded nanofibers provided 8-45% release at pH 1.2 
at the end of 2 hours and reached 100% at the end of 24 hours. According to the results, the 
highest flux and permeability were calculated whereas the lowest cytotoxicity was obtained for 
E6 formulation (Table 1). Overall, E6 was found to be the most promising formulation for colon 
targeting. 

Table 1. The component and characterization result of formulations 

 

This study was supported by Gazi University Scientific Research Projects Coordination Unit 
under grant number TGA-2021-7159. 
References 

1. Abdel-Rahman, L. M., et al. (2020). Vancomycin-functionalized Eudragit-based 
nanofibers: Tunable drug release and wound healing efficacy.  Journal of Drug 
Delivery Science and Technology, 58, 101812. 

2. Philip, A. K., & Philip, B. (2010). Colon targeted drug delivery systems: a review on 
primary and novel approaches. Oman Medical Journal, 25(2), 79. 
 

Formulation 
Code 

HC 
(%) 

Eudragit 
S100 (%) 

Eudragit L-
100-55 (%) 

Flux  
(µg.cm-2.h-1) 

Permeability 
coefficient (cm.h-1) 

IC50 
(µg/mL) 

E1  15 - - - 33,8±1,2 
E2  - 15 - - 12,6±0,9 
E3  7,5 7,5 - - 106,2±11,8 
E4 1 15 - 41,27±19,92 0,066±0,032 53,4±3,5 
E5 1 - 15 36,02±12,81 0,058±0,020 32,9±2,1 
E6 1 7,5 7,5 50,13±13,79 0,080±0,022 100,3±7,4 

 

This study was supported by Gazi University Scientific Research 
Projects Coordination Unit under grant number TGA-2021-7159 
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2. Philip, A. K., & Philip, B. (2010). Colon targeted drug delivery 
systems: a review on primary and novel approaches  Oman Medical 
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9. New developments in MedChem
ABS 87766259
Molecular basis for target engagement of cannabinoid 
receptor 2 agonists

Xiaoting Li1,2*, Hao Chang1,2*, Jara Bouma3*, Laura V  de Paus4, 
Cas van der Horst3, Sanjay S. Kumar3, Lijie Wu1,2, Yanan Yu1,2, 
Antonius P A  Janssen4, Zhi-Jie Liu1,2#, Mario van der Stelt4,5# 
Laura H  Heitman3,5# and Tian Hua1,2#

1iHuman Institute, ShanghaiTech University, Shanghai 201210, 
China; 2School of Life Science and Technology, ShanghaiTech 
University, Shanghai 201210, China; 3Division of Drug Discovery 
and Safety, LACDR, Leiden University, the Netherlands; 
4Department of Molecular Physiology, LIC, Leiden University, 
the Netherlands; 5Oncode Institute, Leiden, the Netherlands; 
*contributed equally

Introduction
The endocannabinoid system plays an important role in 
mediating various physiological and pathological processes via 
the cannabinoid receptors type 1 (CB1R) and type 2 (CB2R)  
Although involved in distinct processes the two receptors share 
a high sequence similarity, which complicates the development 
of selective CB2R agonists for treatment of pain, inflammatory 
diseases and cancer without inducing psychotropic side effects  
Hence, a better understanding of the molecular mechanisms 
involved in selective CB2R target engagement and signaling may 
help to improve drug design  

Methods
Cryo-electron microscopy structures were made of CB2R 
in complex with the Gi protein for the non-selective agonist 
CP55940 and three structurally diverse CB2R-selective agonists 
HU308, APD371 (Olorinab) and LEI102 (a novel compound)  
Furthermore, the interaction of the four agonists with 21 critical 
amino acids in either the binding pocket or two potential ligand 
entry pathways of CB2R and CB1R were examined in [3H]
CP55940 displacement and functional [35S]GTPγS assays by 
a mutagenesis approach  Moreover, kinetic radioligand binding 
assays were performed to determine the association (kon) and 
dissociation rate constants (koff) of the synthetic agonists and 
endocannabinoids 

Results
Here, we report the successful generation of four cryo-EM 
structures of the CB2R-Gi complexes with agonists CP55940, 
HU308, APD371 and LEI102 with resolutions of 2 94 Å, 3 0 Å, 
3.0 Å and 2.9 Å, respectively. Affinity and functional mutagenesis 
studies showed that the four agonists have distinct interactions in 
the CB2R binding pocket  Furthermore, our data indicated that 
highly lipophilic agonist HU308 and endocannabinoids bind and 
activate the receptor via membrane entry, which is not the case 
for CP55940, APD371 and LEI102. This finding was correlated 
with slower association of HU308 and the endocannabinoids to 
the receptor compared to CP55940, APD371 and LEI102  

Conclusions
Structural biology studies combined with site-directed 
mutagenesis and extensive molecular pharmacology research 
have revealed the molecular basis of target engagement of CB2R 
agonists  This provides a framework for the rational design and 
understanding of experimental drugs targeting the CB2R  

ABS 88102085
NanoB2: Monitoring ligand-receptor interactions by 
combining nanobodies and NanoBRET
 
N D  Bergkamp1, J  van den Bor1, S M  Anbuhl2, F  Dekker1, C P  
Perez1, R  Bosma1, S J  Hill3, M  Siderius1, R  Heukers2, M J  
Smit1

1Dept. of Medicinal Chemistry, AIMMS, Vrije Universiteit 
Amsterdam, The Netherlands; 2QVQ Holding B.V., Utrecht, 
The Netherlands; 3Dept. of Pharmacology, Pharmacology and 
Neuroscience, School of Life Sciences, University of Nottingham, 
United Kingdom

The single variable domains (VHH) from the heavy chain-only 
antibodies of camelids, often referred to as nanobodies, possess 
full antigen binding capacity and can serve as important research 
tools, diagnostics and therapeutics  Common assays to quantify 
the binding properties  required specialized equipment (e g  SPR) 
and can be challenging with membrane-bound target proteins 

Aims
In this study, we aimed to develop a new approach for 
assessing the target binding capacity of nanobodies against 
membrane-associated target proteins using Nanoluciferase-
based Bioluminescence Resonance Energy Transfer (BRET) 
technology 

Methods
In our developed NanoB2 protocol, we combined fluorescently 
labelled nanobodies (targeting the G protein-coupled receptors 
CXCR4, ACKR3 & US28) with their respective Nanoluciferase-
tagged target proteins  Here, we measure the binding parameters 
of nanobodies to their membrane-associated target proteins using 
NanoBRET in real-time  Furthermore, we determine the binding 
of unlabeled ligands using our NanoB2 protocol 

 

88102085_7618334 
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NanoBRET 
N.D. Bergkamp1, J. van den Bor1, S.M. Anbuhl2, F. Dekker1, C.P. Perez1, R. Bosma1, S.J. 
Hill3, M. Siderius1, R. Heukers2, M.J. Smit1 
1Dept. of Medicinal Chemistry, AIMMS, Vrije Universiteit Amsterdam, The Netherlands; 2QVQ Holding B.V., 
Utrecht, The Netherlands; 3Dept. of Pharmacology, Pharmacology and Neuroscience, School of Life Sciences, 
University of Nottingham, United Kingdom 
 
The single variable domains (VHH) from the heavy chain-only antibodies of camelids, often 
referred to as nanobodies, possess full antigen binding capacity and can serve as important 
research tools, diagnostics and therapeutics. Common assays to quantify the binding properties  
required specialized equipment (e.g. SPR) and can be challenging with membrane-bound target 
proteins. 
 
Aims 
In this study, we aimed to develop a new approach for assessing the target binding capacity of 
nanobodies against membrane-associated target proteins using Nanoluciferase-based 
Bioluminescence Resonance Energy Transfer (BRET) technology. 
 
Methods 
In our developed NanoB2 protocol, we combined fluorescently labelled nanobodies (targeting 
the G protein-coupled receptors CXCR4, ACKR3 & US28) with their respective 
Nanoluciferase-tagged target proteins. Here, we measure the binding parameters of nanobodies 
to their membrane-associated target proteins using NanoBRET in real-time. Furthermore, we 
determine the binding of unlabeled ligands using our NanoB2 protocol. 
 

 
Results / Conclusions 
We show that fluorescently labelled nanobodies in close proximity to its NanoLuciferase 
(NanoLuc)-tagged target GPCR in cells and membranes induce an increase in BRET, thereby 
directly visualizing the binding to the target protein. Furthermore, we show that this technique 
allows kinetic evaluation of binding of both fluorescently labelled nanobodies and unlabeled 
ligands in a high throughput manner. Altogether, our nanobody-BRET (NanoB^2) set up 

Results / Conclusions
We show that fluorescently labelled nanobodies in close 
proximity to its NanoLuciferase (NanoLuc)-tagged target GPCR 
in cells and membranes induce an increase in BRET, thereby 
directly visualizing the binding to the target protein  Furthermore, 
we show that this technique allows kinetic evaluation of binding 
of both fluorescently labelled nanobodies and unlabeled ligands 
in a high throughput manner  Altogether, our nanobody-BRET 
(NanoB^2) set up appears a promising alternative approach to 
SPR to assess ligand-receptor interactions in membrane context 
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ABS 88056652
Measuring antihypertensive drug levels to determine non-
adherence in hypertensive patients with and without kidney 
transplantation
 
L E J  Peetersa,b*, D A  Hesselinkb, B C M  de Wintera, M  Lafeberb, 
D Seversb, M W F  van den Hoogenb, M A H  Sonneveldb, C R B  
Ramakersc, S  Bahmanya, T  van Geldera,b, B.C.P. Kochb; J  
Versmissena,b

a Dept. of Hospital Pharmacy, b Dept. of Internal Medicine, c Dept. 
of Clinical Chemistry Erasmus MC, University Medical Center 
Rotterdam, The Netherlands

Introduction 
Non-adherence to antihypertensive drugs (AHDs) is one of 
the main causes of resistant hypertension which is defined as 
uncontrolled blood pressure despite the prescription of at least 3 
AHDs  

Objectives
Our primary objective was to determine the prevalence of non-
adherence to AHDs in patients visiting the nephrology and vascular 
outpatient clinics  Inclusion rates at both departments allowed 
comparison between non-adherence of kidney transplantation 
(KT) patients with patients without KT as secondary objective.

Methods
This was a prospective observational study called RHYME-AD 
(Resistant Hypertension: MEasure Antihypertensive Drugs, MEC-
2020-0096)  Patients were eligible if they used at least 2 AHDs 
that could be measured with a validated UPLC-MS/MS method 
and had an office blood pressure >140 and/or 90 mmHg. After 
informed consent was signed, rest material was collected from a 
regular venipuncture measurement  The total absence of drug in 
blood (<lower limit of detection) was defined as non-adherent. 
We made comparisons between patients with and without KT and 
with and without resistant hypertension, defined as an office blood 
pressure >140 and/or 90 mmHg despite the use of 3 or more AHDs 

Results 
Material was available from 143 patients of which 93 had a KT and 
66 patients fulfilled the definition of resistant hypertension. The 
overall adherence rate was 78 3%  From the non-adherent patients 
87 8% was partially non-adherent and 12 2% non-adherent for all 
prescribed AHDs  When looking at the two separate groups, with 
and without KT, more patients in the non-KT cohort fulfilled the 
definition of resistant hypertension as compared to the KT-cohort 
(62.0% vs 37.6%, p=0.005). There was a significant difference 
between having resistant hypertension and being non-adherent 
(non-adherence RH vs non-RH, 31 8% vs 13 0%, p=0 023) and 
having KT and being non-adherent (non-adherence KT vs non-KT, 
14.0% vs 36.0%, p=0.005). In addition, patients with KT and no 
resistant hypertension were the most adherent to AHDs (91 2%) 
(Table 1)   

Table 1 Prevalence of non-adherence to antihypertensive drugs measured by 
drug concentrations in blood in patients with and without resistant hypertension 
(YES/NO) and with and without kidney transplantation (YES/NO)

 

 

Table 1 Prevalence of non-adherence to antihypertensive drugs measured by drug concentrations 
in blood in patients with and without resistant hypertension (YES/NO) and with and without 
kidney transplantation (YES/NO) 

 Adherent, n (%) Non-adherent*,n 
(%) 

Total, n p-value 

Resistant Hypertension 
(NO) + Kidney 
transplantation (NO) 

14 (73.7) 5 (26.3) 19 0.004 

Resistant Hypertension 
(YES) + Kidney 
transplantation (NO) 

18 (58.1) 13 (41.9) 31 

Resistant Hypertension 
(NO) + Kidney 
transplantation (YES) 

52 (91.2) 5 (8.8) 57 

Resistant Hypertension 
(YES) + Kidney 
transplantation (YES) 

28 (77.8) 8 (22.2) 36 

*combination of partial and total non-adherence to antihypertensive drugs 

 
Conclusions  
Hypertensive patients with a KT are less likely to be non-adherent to their AHDs as compared to 
hypertensive patients without KT. However, fulfilling the definition of resistant hypertension, 
independent of KT, seems to increase the risk of being non-adherent to AHDs.  

Figure 1.  

Conclusions 
Hypertensive patients with a KT are less likely to be non-adherent 
to their AHDs as compared to hypertensive patients without 
KT. However, fulfilling the definition of resistant hypertension, 
independent of KT, seems to increase the risk of being non-
adherent to AHDs  

ABS 88067729
Prioritizing patients for medication review by acute ward 
pharmacists – a mixed methods study in a Danish hospital
A B  Almarsdóttir1, R  Haq1, J D S V  Nørgaard2

1Dept. of Pharmacy, University of Copenhagen, Copenhagen, 
Denmark, 2Nordsjællands Hospital – Frederikssund, Kirurgisk 
Afdeling, Gastromedicinsk ambulatorium, Frederikssundsvej 30, 
3600 Frederikssund, Denmark.

Introduction
Little is known about how pharmacists think and act in the 
situation when they need to prioritize patients for medication 
reviews without prioritization tools  

Aims
To understand the individual pharmacist professional’s analytic 
processes when prioritizing patients for medication review in an 
emergency department  

Methods
A mixed-methods study with pharmacists working in one 
emergency department in Denmark  Qualitative participant 
observations of all seven pharmacists who work at the emergency 
department were carried out  Semi-structured interviews with six 
of the pharmacists were held closely in time to the observations  
Observations for each pharmacists’ patients were analysed 
inductively looking for patterns and themes  The interviews were 
audiotaped, transcribed verbatim and analysed inductively seeking 
to understand pharmacists’ analytic processes when prioritizing 
patients for medication review  

Results
Observations showed that non-clinical prioritization rules had been 
implemented according to the wishes of the ward management, 
which affected how the pharmacists prioritized patients  The ways 
pharmacists prioritized was more targeted for those with more 
clinical experience  In the interviews pharmacists told how they 
used the rules set out by ward management, how their collaboration 
with physicians was vital to prioritization, and how the pharmacy 
profession could better contribute to the ward team  Although 
the ward-established prioritization rules increased efficiency, this 
was not deemed the most appropriate way to detect the clinically 
meaningful patients for the pharmacists working at the Emergency 
Department 

Conclusions
A prioritization tool and sitting closer to the physicians at the ward 
would help pharmacists be further integrated into patient care and 
improve prioritization of patients for medication reviews 
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11. Human organoids, as...... 12. Challenges in clinical.......
ABS 88101479 
Giving color to respiratory research: a rainbow small airway 
organotypic culture to study epithelial cellular composition

Jelle van den Bor1, Dennis Nijenhuis1, Marco Siderius1, Heiko 
Stahl2, Matthew J  Thomas2, Martine J  Smit1

1Dept. of Medicinal chemistry, AIMMS, Vrije Universiteit 
Amsterdam, The Netherlands; 2Boehringer Ingelheim Pharma 
Gmbh & Co. KG, Biberach, Germany.

Our respiratory tract is regularly exposed to harmful xenobiotics, 
which can cause damage of the airways  The airway epithelium, 
comprised of ciliated and secretory goblet and club cell, make 
up a well-structured barrier with an underlying army of basal 
progenitor cells ready to repopulate and repair the damage that has 
been done  Airway remodeling induced by continues exposure 
of xenobiotics to the airways plays a role in the pathogenesis 
of chronic obstructive pulmonary disease (COPD), idiopathic 
pulmonary fibrosis (IPF) and lung cancers1. At present, there 
are no high-throughput/content methods available to kinetically 
measure airway remodeling in vitro 

Aims
In this study, we aimed to develop a high-content imaging 
protocol to study small airway remodeling in small airway 
organotypic cultures using a lentiviral based reporter toolbox 

Methods
We used lentiviral transduced small airway air-liquid interface 
cultures (ALI) to asses cell-type specificity of our reporter 
constructs  Next, we developed a high-content imaging approach 
to assess the location and intensity of reporter-expressing cells  
Thereafter, we validated the relevance of the high-content 
imaging approach by inducing epithelial remodeling and 
benchmarking these results to qPCR analysis, a currently used 
golden standard method 

 

Giving color to respiratory research: a rainbow small airway organotypic culture to 
study epithelial cellular composition 
Jelle van den Bor1, Dennis Nijenhuis1, Marco Siderius1, Heiko Stahl2, Matthew J. Thomas2, 
Martine J. Smit1 
1Dept. of Medicinal chemistry, AIMMS, Vrije Universiteit Amsterdam, The Netherlands; 2Boehringer Ingelheim 
Pharma Gmbh & Co. KG, Biberach, Germany. 

Our respiratory tract is regularly exposed to harmful xenobiotics, which can cause damage of 
the airways. The airway epithelium, comprised of ciliated and secretory goblet and club cell, 
make up a well-structured barrier with an underlying army of basal progenitor cells ready to 
repopulate and repair the damage that has been done. Airway remodeling induced by continues 
exposure of xenobiotics to the airways plays a role in the pathogenesis of chronic obstructive 
pulmonary disease (COPD), idiopathic pulmonary fibrosis (IPF) and lung cancers1. At present, 
there are no high-throughput/content methods available to kinetically measure airway 
remodeling in vitro. 

Aims 
In this study, we aimed to develop a high-content imaging protocol to study small airway 
remodeling in small airway organotypic cultures using a lentiviral based reporter toolbox. 

Methods 
We used lentiviral transduced small airway air-liquid interface cultures (ALI) to asses cell-type 
specificity of our reporter constructs. Next, we developed a high-content imaging approach to 
assess the location and intensity of reporter-expressing cells. Thereafter, we validated the 
relevance of the high-content imaging approach by inducing epithelial remodeling and 
benchmarking these results to qPCR analysis, a currently used golden standard method. 
 

  
 
Results / Conclusions 
In our study, we obtained and validated a lentiviral based cell-type specific reporter toolbox for 
the major cell types present in the small airway air-liquid interface culture. Using a high content 
imager approach, we could assess reporter expression over time. Additionally, when inducing 
airway remodeling using IL-13, IL-6 or an IPF relevant cocktail, we observed that reporter 
expression followed similar expression kinetics as observed by qPCR. Altogether, we consider 
that our high content imaging method using the cell-type specific reporter toolbox is a 
promising approach to study airway remodeling. In the future, we can use this method to study 
the role of G protein-coupled receptors, promising drug targets in airway remodeling. 
References: 
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Results / Conclusions
In our study, we obtained and validated a lentiviral based cell-
type specific reporter toolbox for the major cell types present 
in the small airway air-liquid interface culture  Using a high 
content imager approach, we could assess reporter expression 
over time  Additionally, when inducing airway remodeling 
using IL-13, IL-6 or an IPF relevant cocktail, we observed that 
reporter expression followed similar expression kinetics as 
observed by qPCR  Altogether, we consider that our high content 
imaging method using the cell-type specific reporter toolbox is 
a promising approach to study airway remodeling  In the future, 
we can use this method to study the role of G protein-coupled 
receptors, promising drug targets in airway remodeling 
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Oral antibiotics lower mycophenolate mofetil drug exposure by 
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1.Department of Hospital Pharmacy, ErasmusMC, University 
Medical Center Rotterdam, Rotterdam, The Netherlands 
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Mycophenolate mofetil (MMF) has established an important role 
as immunosuppressive agent in solid organ transplant recipients  
Its relatively low toxicity profile has made it favorable to combine 
with tacrolimus  Exposure to the active metabolite mycophenolic 
acid (MPA) can be monitored by therapeutic drug monitoring 
(TDM)  MPA is metabolized to the biologically inactive MPA-7-O-
glucuronide (MPAG), which is subject to enterohepatic recirculation  
We present three transplant patient cases with severely decreased 
MPA trough levels after oral antibiotic co-administration 

A 53-year-old male patient started MMF after liver transplantation  
Post-operatively, he developed an intra-abdominal infection for 
which intravenous (i.v.) vancomycin and ciprofloxacin were 
prescribed. After ciprofloxacin was switched from i.v. to oral, 
previously adequate MPA levels dropped below target (0 19-0 25 
mg/L; target range 1-3 mg/L)  
A 13-year-old boy started MMF after a renal transplantation  
Because of diarrhea due to re-activation of Clostridium difficile, 
eradication with oral vancomycin was started  A few days later, MPA 
plasma levels reduced to low and undetectable levels (<0 10-1 62 
mg/L; target range 2-5 mg/L)  
A 13-year-old girl was treated for a urinary tract infection 
almost two years after her second renal transplant  She was on 
immunosuppressive therapy including MMF with adequate 
exposure, but after four days of amoxicillin/clavulanic acid co-
medication, her MPA level was undetectable (<0 10 mg/L; target 
>1 9 mg/L)  
In all cases, MPA levels returned to adequate after discontinuing 
the antibiotic  None of the patients was co-treated with ciclosporin, 
which is known to inhibit the MPA enterohepatic recirculation 

The reduced MPA levels in these cases seem to be due to 
interference with the enterohepatic recirculation  By diminishing 
gut bacteria β-glucuronidase activity, oral antibiotics seem to 
prevent deglucuronidation of MPAG to MPA and thereby prevent 
its reuptake to complete the cycle  This pharmacokinetic interaction 
of MPA with oral antibiotics, which could result in chronic rejection, 
is clinically relevant in solid organ transplant recipients, especially 
in the outpatient setting with low frequency TDM  Therefore 
routine screening and guidance for this interaction should be done, 
preferably supported by clinical decision support systems 

Abstracts Oral Presentations  |  June 2nd  |  European Medicines Days 2022

THURSDAY



21

12. Challenges in clinical pharmacogenomics

Abstracts Oral Presentations  |  June 2nd  |  European Medicines Days 2022

TH
UR

SD
AY

ABS 88089093
Survival of cancer patients with DPYD variant alleles after 
reduced-dose fluoropyrimidine therapy 
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Introduction
DPYD-guided fluoropyrimidine (FP) dosing has improved 
patient safety in allele carriers of 4 DPYD variants, although this 
was less clear in c 1236G>A and c 2846A>T carriers 1 However, 
the impact of DPYD-guided FP dosing on treatment outcome 
in patients with c 1236G>A, c 2846A>T or c 1679T>G variant 
alleles is unknown  

Objective
To compare the overall survival (OS) and progression-free 
survival (PFS) between DPYD wild type (wt) patients treated 
with standard dose and DPYD variant allele carriers treated 
with reduced dose FPs in a retrospective matched-pair survival 
analysis 

Methods
Data from a prospective multicenter study with upfront DPYD 
testing and 25-50% FP dose reduction in DPYD variant allele 
carriers (DPYD*2A, c 1236G>A, c 2846A>T, c 1679T>G; 
NCT02324452)1 was enriched with DPYD variant allele carriers 
treated with a reduced dose of FP identified during routine 
clinical care  Each DPYD variant allele carrier was matched to 
3 DPYD wt patients according to primary tumor type, disease 

stage, treatment schedule, gender and age (±10 years)  Survival 
analyses were performed using both Kaplan-Meier estimates and 
matched Cox regression analyses  

Results
In total, 157 DPYD variant carriers (45 DPYD*2A, 91 
c 1236G>A, 21 c 2846A>T) and 775 DPYD wt controls were 
available for matching and analysis. No significant differences 
in OS between all 3 DPYD variant and wild type patients were 
found  Additionally, no difference in PFS between DPYD*2A and 
c 2846A>T variant carriers and wild types was found  However, 
PFS was found to be significantly worse for c.1236G>A carriers 
treated with a 25% dose reduction compared to DPYD wt 
patients in matched Cox regression analysis (HR=2 01; 95% CI 
1 33–3 04, P<0 001)  

Conclusion
OS did not differ between DPYD wild types treated with a 
standard dose and DPYD variant carriers treated with a reduced 
dose of FP  However, our results suggest a dose-reduction of 
25% in c 1236G>A carriers may negatively impact PFS  Of 
note, our prospective study has previously shown that a 25% 
dose-reduction did not decrease the risk of developing severe 
FP-related toxicity in these patients.1 Our findings suggest that 
the benefits and risks of DPYD-guided dosing in c.1236G>A 
carriers differs compared to DPYD*2A and c 2846A>T carriers  
However, further research is warranted 

References
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Preparation and Characterization of 3D Printed Intrauterine 
Device for Uterine Cancer Treatment

C  Varan1, D  Aksüt2, M. Şen2, E  Bilensoy1

1Department of Pharmaceutical Technology, Faculty of 
Pharmacy, Hacettepe University, Ankara, Turkey, 2Department 
of Chemistry, Polymer Chemistry Division, Hacettepe University, 
Ankara, Turkey

The incidence and mortality of uterine cancer are increasing  As 
a result, the surgery option has a direct impact on fertility  An 
innovative chemotherapy approach is important and differences 
between patients are a major obstacle to the development of 
optimal chemotherapy  Personalized therapies with dose and 
drug combination flexibility show promise in eliminating this 
problem  

Aims
Our goal is to prepare and characterize a model, dose-adjustable 
personalized intrauterine device (IUD) based on Polycaprolactone 
(PCL) filament containing Paclitaxel and Carboplatin by using a 
FDM 3D printer intended for the treatment of uterine cancer 

Methods
Characterization studies such as hardness analysis and melt flow 
index, time-dependent change in thickness, and morphological 
analysis were carried out with 3 different PCL derivatives, 
and the most suitable derivative was selected for filament 
preparation  Then drug:CD inclusion complex and PCL were 
put into the hot melt extruder and filaments with a diameter of 
1 75 mm were prepared  Characterization studies including DSC, 
FTIR, and encapsulation efficiency (EE%) analysis were carried 
out to show the drug stability after the filament preparation 
process  IUDs with different geometries and sizes were  Finally, 
characterization studies of IUDs, including EE% analysis and 
drug release profile, were carried out.

Results / Conclusions
According to MFI and hardness (Fig 1a), PCL(Mn 80,000) 
was determined to be the most suitable derivative for filament 
preparation  After the extrusion process, it was observed that 
both anticancer drugs were loaded above 80% (Fig 1b)  When the 
mechanical properties of blank and drug-loaded IUDs (Fig 1c) 
were compared, it was discovered that the drug-loaded samples 
had no negative impact on mechanical properties, had high EE% 
and provided a controlled release 

Acknowledgment
Authors wish to thank the Scientific and Technological Research 
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The incidence and mortality of uterine cancer are increasing. As a result, the surgery option 
has a direct impact on fertility. An innovative chemotherapy approach is important and 
differences between patients are a major obstacle to the development of optimal 
chemotherapy. Personalized therapies with dose and drug combination flexibility show 
promise in eliminating this problem.  
Aims 
Our goal is to prepare and characterize a model, dose-adjustable personalized intrauterine 
device (IUD) based on Polycaprolactone (PCL) filament containing Paclitaxel and Carboplatin 
by using a FDM 3D printer intended for the treatment of uterine cancer. 
Methods 
Characterization studies such as hardness analysis and melt flow index, time-dependent 
change in thickness, and morphological analysis were carried out with 3 different PCL 
derivatives, and the most suitable derivative was selected for filament preparation. Then 
drug:CD inclusion complex and PCL were put into the hot melt extruder and filaments with a 
diameter of 1.75 mm were prepared. Characterization studies including DSC, FTIR, and 
encapsulation efficiency (EE%) analysis were carried out to show the drug stability after the 
filament preparation process. IUDs with different geometries and sizes were. Finally, 
characterization studies of IUDs, including EE% analysis and drug release profile, were carried 
out. 
Results / Conclusions 
According to MFI and hardness (Fig.1a), PCL(Mn 80,000) was determined to be the most 
suitable derivative for filament preparation. After the extrusion process, it was observed that 
both anticancer drugs were loaded above 80% (Fig.1b). When the mechanical properties of 
blank and drug-loaded IUDs (Fig.1c) were compared, it was discovered that the drug-loaded 
samples had no negative impact on 
mechanical properties, had high EE% 
and provided a controlled release. 
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Comprehensive transcriptomic comparison of hepatocyte 
model systems 
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Introduction & Aims
The myriad of available hepatocyte in vitro models provides 
researchers the possibility to select hepatocyte-like cells (HLCs) 
for specific research goals. However, direct comparison of 
hepatocyte models is currently challenging 

Methods
We systematically searched the literature and compared different 
HLCs, but reported functions mainly encompassed a small 
subset of hepatic functions, not always compared to a gold 
standard (liver or primary hepatocytes (PHHs)  To enable a 
more comprehensive comparison, we developed a computational 
algorithm to compare whole transcriptome sequencing (RNA-
seq) data across studies that tested HLCs alongside PHHs  

Results
No HLC covered the complete hepatic transcriptome, while 
each HLC-model excelled at expressing different liver gene 
sets, highlighting the importance of HLC selection  Although 
HLCs derived from hepatocytes had the highest transcriptional 
resemblance to PHHs, they are not suitable for personalised 
medicine. For this purpose, transdifferentiation of fibroblasts 
may provide an attractive option because they also acquired a 
strong hepatic molecular phenotype under the right conditions  
Moreover, our analyses provide insight in the optimal transcription 
factors needed for hepatic transdifferentiation and in the effects of 
culturing conditions, including unexpected intestinal expression 
profiles induced by intrahepatic cholangiocyte-derived HLC 
culturing protocols. We confirmed that our transcriptomic 
analysis allowed prediction of hepatic functions in HLCs by 
comparing the transcriptomic and functional analysis of urea 
cycle and CYP3A4 activity in various liver organoid models  
Finally, we developed a web application (HLCompR) enabling 
comparison for a specific pathway of interest and addition of new 
HLCs 

Conclusions
In conclusion, we provide a novel approach to comprehensively 
compare HLC-models, which can be used to select the 
appropriate HLC for a specific research question but to also gain 
insight in differentiation requirements and guide improvements 
in culturing conditions 
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Intratumoral drug transporter alterations at genomic and 
transcriptomic level
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Introduction
Drug resistance during cancer treatment can be mediated by 
many underlying mechanisms  Alterations in drug transport over 
the cancer cell membrane can severely alter intratumoral drug 
exposure and thereby contribute to resistance  Germline mutations 
in transporter genes are known to affect systemic exposure to 
cancer treatment, but studies on somatic pharmacogenetic 
alterations in tumors are still lacking  

Objectives
To describe the incidence of genomic and transcriptomic drug 
transporter alterations in tumors and to study the effect of prior 
systemic treatment on those alterations 

Methods
We present the mutational landscape of 48 ATP-binding cassette 
and 416 solute carrier transporter genes in a cohort of 3,290 
patients with different types of metastasized cancer 1 Paired 
whole blood and tumor biopsies were analyzed using whole 
genome and transcriptome sequencing  In order to identify 
potential stressor mechanisms, we stratified patients based on 
previous systemic therapies in the enrichment tests of mutations 
and copy-number alterations  

Results
Of the 20,908 somatic mutations we found in transporter genes, 
only a minority occurred in known pharmacogenes, which might 
point at metabolic or bystander rather than pharmacokinetic 
events  In tumors from patients pretreated with tyrosine kinase 
inhibitors (TKIs), genes encoding for the copper transporters 
CTR1 (SLC31A1;  χ2 45.51, p<0.001) and CTR2 (SLC31A2;  
χ2 47.52, p<0.001) and the nucleoside transporters hCNT2 
(SLC28A2; χ2 33.29, p<0.001)  and hCNT3 (SLC28A3; χ2 
36.51, p<0.001) transporters were deleted significantly more 
frequently than in tumors pretreated with chemotherapy  As these 
transporters are known to facilitate transmembrane chemotherapy 
transport, they might be explained as plausible mechanisms of 
primary drug resistance  RNA expression of the drug transporter 
ABCC4 (adjusted p-value 4.82E-04) was also significantly 
higher after TKI treatment compared with chemotherapy. 

Conclusion
We used whole genome sequencing and RNA sequencing data 
to scrutinize the intratumoral pharmacogenetic landscape  
Future pharmacologic research on drug resistance should focus 
on mechanistic and clinical consequences of the genomic 
and transcriptomic alterations we observed  Lastly, this study 
illustrates that large scale sequencing data contain valuable 
information outside of the mainstream pharmacodynamic 
parameters 

References
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Aims
To assess the frequency of trial activities conducted in a 
decentralized or on-site fashion as reported in phase 2, 3 and 4 
interventional clinical drug trial protocols  

Methods
Publicly available protocols from phase 2, 3, and 4 interventional 
clinical drug trials with a trial start date in 2019/20 were 
downloaded from ClinicalTrials gov  Decentralized and on-site 
conduct of predefined trial activities was manually ascertained. 

Results
This study included 254 eligible protocols, of which 75% had 
a (planned) trial start data in 2019  Of the included protocols, 
46% was a phase 2 clinical trial protocol, 28% phase 3, and 
26% phase 4  For all trial activities, on-site conduct was more 
frequently reported than decentralized conduct. Of the predefined 
decentralized trial activities we tallied, decentralized data 
collection was most often reported  Namely, 68 9% of the protocols 
reported decentralized data collection. More specifically, 52.4% 
of the protocols reported decentralized data collection through 
telemedicine visits (i e , telephone and videoconference visits), 
41 7% reported decentralized data collection through participant-
reported outcomes (PROs), 15 8% of the protocols described the 
use of devices for decentralized data collection, and 7 9% of the 
protocols described the use of home health visits  Furthermore, we 
found that staff and participating training, clinical trial monitoring, 
and participant outreach, were not reported at all in over 40% of 
the protocols  

Conclusions
The evidence from this study suggests that decentralized 
elements are being utilized in clinical trials, albeit infrequently 
- apart from decentralized data collection approaches, which was 
frequently reported  Several operational trial elements, such as 
staff training and participant outreach, are often not reported in 
publicly available protocols, which may have implications for the 
interpretation of the trial setting and results  

This work has received support from the EU/EFPIA Innovative 
Medicines Initiative Joint Undertaking (www.imi.europa.eu) 
Trials@Home  (grant No 831458). This communication reflects 
the views of the Trials@Home  consortium and neither IMI nor 
the European Union and EFPIA are liable for any use that may 
be made of the information contained herein.
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Measuring drug levels using a dried blood spot combined with 
personalized feedback to improve resistant hypertension: a 
randomized controlled trial
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Introduction
Identification of non-adherence to antihypertensive drugs 
is crucial to improve resistant hypertension (RH)  For this 
therapeutic drug monitoring is the most reliable method 

Objectives
The primary objective of this study is to determine whether drug 
levels measured with a dried blood spot (DBS) method combined 
with personalized feedback leads to a decrease in prevalence of 
RH after 12 months due to an increase in adherence 

Methods
This is a multi-center single-blinded randomized controlled 
trial (RHYME-RCT, NL6736)  Eligible patients based on 
previous blood pressure readings underwent DBS sampling and 
a 24-hour ambulatory blood pressure measurement (ABPM) 
simultaneously  Patients with a daytime systolic blood pressure 
(SBP) >135 and/or diastolic blood pressure (DBP) >85 mmHg 
were randomized to standard treatment (control) or intervention  
The intervention was performed by the treating physician and 
included information on drug levels and a personalized feedback 
conversation based on a feedback tool  The follow-up period 
was one year and included visits at 3, 6 and 12 (T=12) months 
inclusion  At each visit an 24h-ABPM and DBS were performed 

Results 
A total of 141 patients were measured at baseline, of which 
100 patients had blood pressures >135/85 mmHg and were 
randomized to the intervention (n=49) or control arm (n=51)  The 
adherence rate in the excluded population (n=41) was 78 0%  The 
randomized patients had a mean age of 59 ± 11 years and were 
predominantly male (70 0%)  The prevalence of RH decreased 
from 100% in both arms to 73 0% at T=12 in the intervention arm 
(p=0 002, n=37) and 60 0% at T=12 in the control arm (p<0 001, 
n=35)  Adherence rates improved from 67 3% to 92 1% in the 
intervention arm (p=0 008) and 68 6% to 71 4% in the control 
arm (p=0.268). No statistically significant differences were found 
after 12 months between the two groups in the degree of RH 
(p=0 243) or adherence (p=0 056)  

Conclusions
Measuring blood pressure and drug levels led to a decrease in 
the prevalence of RH and improved non-adherence  However, 
this improvement could not be linked to the actual intervention  
The fact that one third was excluded at baseline because of 
normotension suggests that participation in a study already leads 
to improvement of adherence and thus blood pressure control 
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Usability assessment of an electronic smart blister to monitor 
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Introduction
Numerous novel digital smart devices have been developed 
to support medication adherence monitoring 1 A new variant 
on the medication event monitoring system (MEMS) device 
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is the electronic dose pack (EDP) smart blister, a digitally 
enabled version of the customizable medication blister package 
Dosepak®  The re-usable electronic module attached to the 
blister records the opening and closing date and time  For the 
EDP to be included in upcoming drug development trials, it is 
critical that its usability is evaluated  

Objectives
To assess the EDP smart blister’s usability within a clinical study 

Methods
The observational study included 20 healthy volunteers aged 
>18 years  They were asked to dispense placebo tablets twice 
daily from the EDP smart blister for a trial period of four weeks  
Each blister contained 14 tablets and thus each participant 
received a start blister with a re-usable e-module and three 
replacement blisters. Afterwards, they were asked to fill in 
online questionnaires and complete a short one-to-one interview  
Outcome measures included usability of the EDP smart blister 
(System Usability Scale [SUS]2) and transferability of the 
e-module  

Results 
All participants (19–62 years old, 55% female, 45% healthcare 
professionals, and 20% chronic medication users) completed the 
study and found the EDP smart blister easy to use, with a median 
(interquartile range [IQR]) SUS score of 78 8 (72 5 – 85 6)  Most 
subjects (90%) agreed that the blister was simple to use and the 
instructions on the package were clear  Half of them preferred 
blisters that are easier to carry because of their size  Most of them 
(90%) found it easy to transfer the e-module, but only 70% found 
it clear when to change it  

Conclusion
The EDP smart blister was well accepted and this study provides 
input to improve the smart blister and could be used for adherence 
monitoring 
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The cytosol is protected by the most antique delivery barrier, a 
compendium of structures and cellular mechanisms optimized 
over milliards of years to preserve the genome integrity  Besides 
this critical role, this formidable barrier also restricts the efficacy 
of gene medicines   Nanoparticle carriers can improve the 
intracellular delivery of gene medicines, as illustrated by the 
recent FDA approvals of Comirnaty, mRNA-1273 and Patisiran, 
but their efficiency is insufficient for many applications (1). 
To engineer better nanoparticles, it is necessary to gain further 
understanding about their intracellular trafficking, and how to 
control it  We have recently reported the synthesis of different 
polyphosphazenes by thiol-ene click chemistry (2)  This material 
platform is ideal to explore structure/functional relationships in 
gene delivery studies 

Aims
This study aimed to investigate how different chemistries 
of polyphosphazene nanoparticles modulate gene delivery 
efficiency, and their intracellular trafficking pathways.

Methods
Polyphosphazenes were generated from a secondary precursor, 
poly(allylamino-phosphazene), AAPPZ, that was derived to a 
variety of anionic and cationic materials by thiol-ene reactions 
(2). Transfection efficiency was studied by a GFP/luciferase 
assay upon delivery of a plasmid to U87 cell monolayers  The 
nanoparticles were labelled with different fluorescent probes 
to study cell uptake, endosomal escape, and polynucleotide 
intracellular release  The therapeutic effect of optimized 
nanoparticles carrying antitumoral plasmids were tested in U87 
tumor xenografts in mice, after intratumoral delivery  

Results / Conclusions
The most efficient nanoparticles were based on mixtures of 
cationic polymers with a pH-sensitive anionic polyphosphazene  
The addition of this anionic material to the nanoparticles enhanced 
cell transfection and reduced the toxicity of the composition  The 
enhanced cell transfection resulted from an efficient endosomal 
escape, and an effective intracellular release of the polynucleotide 
from the nanoparticle  Among the different cationic amine 
functionalities tested (primary, secondary and tertiary amines), the 
best transfection was achieved with the primary amines  Besides, 
it was observed that introducing hydrophobic non-ionic branches 
resulted in a remarkable increase in gene transfection efficiency. 
All these improvements could be achieved without raising the 
toxicity of the nanoparticles  The optimized nanoparticles could 
deliver a therapeutic plasmid encoding BMP4 as an intratumoral 
treatment for glioblastoma. The gene therapy combined with first 
line treatment drug temozolamide results in tumor stasis and a 
significant improvement in animal survival.
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Topical administration constitutes a challenge in the ocular 
delivery of biopharmaceutics  Despite its easy accessibility, the 
eye is protected by extraordinary anatomical and physiological 
barriers, causing the premature removal of nanocarriers, their 
enzymatic degradation, and their elimination by immune cells  

Aims
We have developed an ocular microneedle-like drug delivery 
platform based on natural pollen grains to enhance the 
mucointeraction and the residence time of an antihistamine drug, 
for the topical treatment of allergic rhinoconjunctivitis 

Methods
Helianthus annuus and Matricaria chamomilla pollen grains 
purification was performed, and the processed hollow pollen 
microcapsules (HPMs) were associated with previously 
characterized bilastine-loaded protamine nanocapsules (NCs)  
HPMs toxicity was evaluated in vitro and immune response 
was analysed in dendritic cells and lymphocytes  The analysis 
of epithelial damage was carried out in an artificial 3D cornea 
model of the human sclerocorneal limbus epithelium (HCLEC)  
Biocompatibility and physical irritation effects were evaluated 
upon ocular administration in rats 

Results/Conclusions
Purified HPMs kept the same external 3D structure as intact pollen 
grain but were free of its internal compounds  Biodegradable 
bilastine protamine NCs were developed and loaded into the 
HPMs platforms  HPMs did not cause any greater immune cell 
activation in vivo and could be detected in the cornea after ocular 
administration, as a prove of its mucoadhesiveness  Preservation 
of epithelial integrity and high tolerability were observed both in 
vitro in HCLEC and after in vivo topical administration  Their 
biocompatibility, allergen-free composition, and mucoadhesive 
properties make these pollen microcapsules an interesting 
strategy to overcome the biological and mechanical barriers of 
ocular drug delivery 
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Introduction
Suboptimal self-management of maintenance inhaler therapy is 
observed in ≈50% of asthma and Chronic Obstructive Pulmonary 
Disease (COPD) patients. The ‘Respiratory Adherence Care 
Enhancer’ (RACE) instrument has been developed to support 
self-management  This instrument consists of 1) the RACE-
questionnaire identifying individual barriers to self-management 
of inhaler maintenance therapy, achievable treatment goals and 
disease control; 2) an infographic visualizing barriers and 3) a 
pharmacist consult for tailored care to overcome barriers 

Objective
To assess the feasibility of the RACE-instrument from the perspective 
of asthma/COPD patients and pharmacists on self-management 

Methods
A feasibility study was conducted in five community pharmacies 
in the Netherlands, as part of a prospective pilot study  Within 
each pharmacy five asthma and COPD patients with inhaler 
maintenance therapy were selected based on the pharmacy 
information system. Patients were invited to fill out the RACE-
questionnaire at baseline and at follow-up after one month  Results 
were displayed at both timepoints after which a pharmacist 
consult took place  In advance, two trainee pharmacists were 
trained to provide tailored support with the RACE-instrument in 
consults  Subsequent patient-reported experiences on the use of 
the instrument were collected through a questionnaire  Feasibility 
was assessed on 1) patient recognition of barriers, 2) the process 
of setting treatment goals and 3) impediments and facilitators 
obtained from experiences  Descriptive analysis was performed  

Results
Pharmacist consults were performed in 44 patients (48% with 
asthma; 52% with COPD) with a total of 85 consults (44 at baseline; 
41 at follow-up)  Visualization of self-management barriers in 
general were recognized by 84% of patients with similar results 
for asthma and COPD. The barrier ‘social discomfort’ was least 
recognized by 63% of patients  Setting treatment goals was new 
and challenging for patients and pharmacists, especially in patients 
with controlled disease  The majority of patients considered the 
instrument useful, felt heard and understood during consults and 
appreciated the person-centered support  

Conclusion
Use of the RACE-instrument was feasible for pharmacists and 
asthma/COPD patients to discuss and improve self-management of 
maintenance inhaler therapy  Future research has to demonstrate its 
effect on clinical outcomes  Trial registration number: Netherlands 
Trial Register NL9759, registered 10th October 2021  

Keywords
Asthma, Chronic obstructive pulmonary disease (COPD), Self-
management, Tailored care, Feasibility  
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Hydrophobic drugs loaded in keratin nanoparticles: a sus-
tainable drug delivery system.
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Aims 
In the recent years, proteins have gained a lot of attention as 
promising candidates for formulations in order to increase 
the sustainability of drugs in pharmacy  Indeed, proteins are 
biodegradable, abundant in nature and deriving from renewable 
sources, thereby representing a green and sustainable source of 
biopolymer resulting in low emission of greenhouse gases 
As regards the pharmaceutical technological aspects, the great 
advantages of proteins lie on their biocompatibility, non-
toxicity and on their efficient capability to act as drug carries1. 
Keratins are valuable non-food proteins, still poor considered 
for pharmaceutical applications, that can be easily isolated from 
biological byproducts of the dairy, slaughterhouse and poultry 
industries such as coarse wool, hair, horns and feathers  In 
particular, wool keratin is a high-molecular weight protein (45/55 
kDa) at high sulphur content (7-20% wt) that can be isolated 
through water-based denaturation methods able to preserve its 
primary structure and then the molecular weights distribution2  
Because of the presence of both hydrophilic and hydrophobic 
domains in its primary structure, the high molecular weight 
keratin (HMWK), has been demonstrated to be an efficient 
carrier of hydrophobic drugs making them administrable in 
suspension by parenteral route3  This work is an overview 
about the potential of drug loaded keratin nanoparticles as drug 
delivery systems. Keratin nanoparticles loaded with different 
hydrophobic drugs were here prepared by means of bulk mixing 
and microfluidic assisted mixing. The effects of the preparation 
processes and the drugs kind and loading on the particle size and 
homogeneity is investigated and discussed  Moreover, advances 
on the technological transfer related to the keratin nanoparticles 
as drug delivery system will be also taken into consideration, 
through the introduction of the European Start-Up Kerline srl.  

Methods
The HMWKs was kindly supplied by Kerline srl. Keratin 
nanoparticles loaded with 9-R-hydroxystearic acid (9R-HSA), 
taxol, and tioconazole were prepared by self-assembling by 
adding different amounts of drug dissolved in ethanol into a 
keratin aqueous solution (concentration 1% wt). The microfluidic 
assisted hydrophobic aggregation was also considered with 
tioconazole by using a 3D printed microfluidic device made 
with polypropylene4, a Total Flow Rate (TFR) of 14 mL/min 
and a Flow Rate Ratio (FRR) of 1:1  The size and polydispersity 
index (PDI) of nanoparticles were measured by dynamic light 
scattering (DLS) 

Results / Conclusions
The formation of keratin nanoparticles loaded with a 
hydrophobic active principle occurs by self-assembling of the 
protein induced by the Van der Waals interactions between the 
hydrophobic domains of keratin and the drug5  As observed in 
Figure 1a, keratin nanoparticles with size in the range 100-250 
nm were obtained by loading taxol, 9R-HSA and tioconazole up 
to 20% wt. A higher drug loading does not significantly change 
the particle size in the case of taxol; while there is a significant 
increase to 310 nm in the case of 9R-HSA when the drug loading 
reaches the 35% 

 

 

 
 
Figure 1. a) Particle size as function of drug loading; b) PDI as function of drug loading 
 
Comparing the tioconazole loaded nanoparticles prepared in bulk (blue line) with those 
prepared by microfluidic-assisted mixing (dark yellow line) we can observe a significant 
reduction in the size (Figure 1a) of the nanoparticles (to about 100 nm) and a better homogeneity 
(lowest PDI – Figure 1b) of nanoparticles obtained by microfluidics. 
In conclusion, based on the preliminary obtained results, the microfluidic approach will be 
considered as a production process to further investigate with the view of a possible industrial 
scale-up for the production of drug-loaded nanoparticles. 
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Comparing the tioconazole loaded nanoparticles prepared in bulk 
(blue line) with those prepared by microfluidic-assisted mixing 
(dark yellow line) we can observe a significant reduction in 
the size (Figure 1a) of the nanoparticles (to about 100 nm) and 
a better homogeneity (lowest PDI – Figure 1b) of nanoparticles 
obtained by microfluidics.In conclusion, based on the preliminary 
obtained results, the microfluidic approach will be considered as a 
production process to further investigate with the view of a possible 
industrial scale-up for the production of drug-loaded nanoparticles 
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candidate for neuropathic pain: an example for successful 
university-industry collaboration
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SZV-1287 (3-(4,5-diphenyl-1,3-oxazol-2-yl)propanal oxime) is a 
novel multi-target drug, which inhibits semicarbazide-sensitive 
amine oxidase (SSAO) metabolizing primary amines to irritants 
like methyglyoxal and formaldehyde activating the transient 
receptor potential ankyrin 1 (TRPA1) and vanilloid 1 (TRPV1) 
receptors  Furthermore, it also directly antagonizes these non-
selective cation channels located on primary sensory neurons, 
immune cells and several central nervous system regions 
 
We provided proof-of-concept for the ability of single SZV-1287 
to significantly reduce acute and chronic pain behaviors including 
sciatic nerve injury-induced neuropathic hyperalgesia in mice via 
inhibiting TRPA1 and TRPV1 activation  Repeated SZV-1287 
injections attenuated chronic arthritis (edema, myeloperoxidase 
activity, histopathological changes) and related hyperalgesia, L4-
L6 spinal dorsal horn neuroinflammation (microgliosis) even in 
the late phase of the model when neuropathic mechanisms are 
important  Since mainly under acidic conditions, SZV-1287 is 
transformed to the cyclooxygenase inhibitor oxaprozin, which is 
ineffective for neuropathy, enterosolvent capsule was formulated 
and tested during the preclinical development  SZV-1287 is 
quickly absorbed, its plasma concentration is stable for 2 h, and 
enters the brain. Although SZV-1287 significantly decreased 
the proton-induced TRPV1-mediated calcium-influx potentially 
leading to hyperthermia, it did not alter deep body temperature  
It did not show any considerable toxicity either in rodents or in 
dogs 

The novel structure was patented by the University of Pécs 
(UP) and the Semmelweis University (SU), and a second patent 
of the UP protected its application for neuropathic pain  The 
preclinical development was performed within the last 5 years 
in a consortium with Toxicoop Ltd  and Adware Research Ltd  
with the help of an EU-funded Hungarian grant  The preclinical 
dossier was successfully completed and approved by the National 
Institute of Pharmacy and Nutrition in 2021, the phase I  clinical 
trial starts in March 2022  If the candidate proves to be safe in 
humans with favorable kinetic profile, a company is willing 
to out-licence the patents and bring the compound to phase 
II  testing in neuropathic pain patients  This project is a good 
example for successful early developme nt of a novel compound 
originating from the academia together with industrial partners 
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Introduction 
Overactivated estrogen receptor alpha (ERα) is linked to 
80% of breast cancer cases. Although several therapeutic 
interventions for this type of breast cancer exist, the frequent 
occurrence of drug resistance demands novel molecular 
approaches for treatment.1 The adaptor protein 14-3-3 binds 
to ERα and acts as a negative regulator by reducing its 
transcriptional activity.2 We have developed a natural 
product derivative (NAc) that stabilizes the ERα–14-3-3 
protein-protein interaction (PPI) and enhances 
downregulation of ERα in breast cancer cells. In addition, to 
reduce synthetic complexity, fully synthetic covalent 
stabilizers were designed. 

 
Aims 
This study aims to develop novel stabilizing molecules for the ERα–14-3-3 PPI to inhibit ERα 
activity in breast cancer. 
 
Methods 
We crystallized the ternary ERα/14-3-3/NAc complex and characterized its stabilization 
potency by fluorescence polarization assays. Furthermore, the biological activity of NAc was 
analyzed by testing the transcriptional activity of ERα in breast cancer cells using reporter 
assays and RNA sequencing methods. Finally, cellular proliferation of cell lines containing 
wild-type- and mutant ERα variants were examined.  
 
Results  
NAc suppressed transcriptional activity of ERα and inhibited breast cancer cell proliferation. 
Additionally, resistant breast cancer cell lines could still be targeted by NAc and a synergistic 
effect was observed with the traditional ERα degrader, Fulvestrant. Encouraged by these results 
and to reduce synthetic complexity, covalent stabilizers were synthesized guided by structural 
studies. Our results represent one of the first examples of the implementation and biological 
characterization of 14-3-3–partner protein stabilization as a novel therapeutic concept in disease 
intervention. 
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Introduction
Overactivated estrogen receptor alpha (ERα) is linked to 80% of 
breast cancer cases  Although several therapeutic interventions 
for this type of breast cancer exist, the frequent occurrence 
of drug resistance demands novel molecular approaches for 
treatment.1 The adaptor protein 14-3-3 binds to ERα and acts 
as a negative regulator by reducing its transcriptional activity 2 
We have developed a natural product derivative (NAc) that 
stabilizes the ERα–14-3-3 protein-protein interaction (PPI) 
and enhances downregulation of ERα in breast cancer cells. 
In addition, to reduce synthetic complexity, fully synthetic 
covalent stabilizers were designed 

Aims
This study aims to develop novel stabilizing molecules for the 
ERα–14-3-3 PPI to inhibit ERα activity in breast cancer.

Methods
We crystallized the ternary ERα/14-3-3/NAc complex and 
characterized its stabilization potency by fluorescence 
polarization assays  Furthermore, the biological activity of NAc 
was analyzed by testing the transcriptional activity of ERα in 
breast cancer cells using reporter assays and RNA sequencing 
methods  Finally, cellular proliferation of cell lines containing 
wild-type- and mutant ERα variants were examined. 

Results 
NAc suppressed transcriptional activity of ERα and inhibited 
breast cancer cell proliferation  Additionally, resistant breast 
cancer cell lines could still be targeted by NAc and a synergistic 
effect was observed with the traditional ERα degrader, 
Fulvestrant  Encouraged by these results and to reduce synthetic 

complexity, covalent stabilizers were synthesized guided by 
structural studies. Our results represent one of the first examples 
of the implementation and biological characterization of 14-3-
3–partner protein stabilization as a novel therapeutic concept in 
disease intervention 
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Aims 
The intestinal microbiota have been implicated to play a role in 
autoimmune diseases, such as type 1 diabetes mellitus (T1DM) 
[1]  Faecal microbiota transplantation (FMT) has been shown 
to significantly alter the microbiota composition, without any 
serious side effects [2]  Recently we demonstrated that multiple 
infusions of autologous (own) faeces preserved residual beta 
cell function in T1DM up to one year [3]  However, FMT via 
a nasoduodenal tube is an invasive, time consuming procedure 
causing patient discomfort  Therefore we set out to develop 
capsules containing lyophilized faecal microbiota (LFM), 
which can be easily self-administered at home and even enable 
maintenance therapy  

Methods & Results 
We first tested and optimized the lyophilisation of the faecal 
suspension and encapsulation of the lyophilised material  
Lyophilisation for 48 hours at -80°C combined with the 
lyoprotectant trehalose 10% and maltodextrin 5% provided the 
best results  Using aerobic and anaerobic culturing methods 
and flow cytometry, we observed a slight decrease in bacterial 
viability during preparation of the LFM capsules  This decrease 
was especially manifest after freeze-drying and encapsulation, 
though within expectations (figure 1A). Next, we performed a 
stability study showing that the faecal bacteria in LFM capsules 
were stable during storage in the freezer for at least six months 
(figure 1B). Finally, to protect the bacteria from gastric acid we 
compared several capsules using dissolution tests  Unexpectedly, 
none of the capsules performed better compared to direct release 
gelatine capsules, while only Vcaps Enteric prevented opening of 
the capsules in the stomach  

Conclusions 
We have developed LFM capsules which will subsequently 
be tested in a clinical proof of concept study with T1DM 
patients  Future steps include 16S rRNA amplicon sequencing 
to determine shifts in microbiota composition after production  
This will culminate in further optimisation of the procedures to 
best preserve the microbiota in the capsules  
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Figure 1: colony-forming units (CFU), corrected for grams of 
faeces. A: slight reduction in CFU for anaerobic and aerobic 
bacteria during processing; B: stability of the lyophilized faecal 
bacteria during storage for 6 months.
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Introduction
The Janssen vaccine (Ad26 COV2 S), approved as a single-shot 
regimen, is effective against severe coronavirus disease-2019 
(COVID-19)  However, this vaccine induces lower severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) spike (S)–
specific antibody levels than messenger RNA (mRNA)–based 
vaccines  There is evidence that heterologous boosting (with 
BNT162b2 or mRNA-1273)  of Ad26 COV2 S primed individuals 
resulted in higher (S)-specific antibody levels than homologous 
boosting (with Ad26 COV2 S)  Because of the emergence of 
SARS-CoV-2 variants, questioning arises on the long-term 
protection of homologous and heterologous vaccination strategies 
after Ad26 COV2 S primed individuals  

Methods 
The SWITCH trial is a single-blind, multicenter, randomized, 
controlled trial among ±450 healthcare workers (HCW) and 
investigated the immunogenicity and reactogenicity of a 
homologous (Ad26 COV2 S) or heterologous (BNT162b2 or /
mRNA-1273) vaccination strategy among Health Care Workers 
(HCW) who were primed with Ad26 COV2 S  We focused on 
development of short (1-month)- and long-term immune responses 
(up to 5 months post booster) 

Objectives
The primary end-point is the level of S-specific binding antibodies, 
and the secondary end points are the levels of neutralizing 
antibodies and S-specific T-cell responses.

Results
Homologous or heterologous booster vaccination resulted in higher 
levels of S-specific binding antibodies, neutralizing antibodies, 
and T-cell responses than a single Ad26 COV2 S vaccination  
Responses were significantly higher with heterologous regimens 
compared to homologous booster; mRNA-1273 was most 
immunogenic  Antibody and T-cells measured in whole blood 
waned at 5 months post booster vaccination; however, levels were 
still significantly higher after BNT162b2 or mRNA-1273 booster 
vaccination, compared to Ad26 COV2 S booster  When assessing 
cross-reactivity of neutralizing antibodies with the emerging 
Delta and Omicron variants, participants that were vaccinated 
and boosted with Ad26 COV2 S, had relatively low levels of 
neutralizing antibodies to Delta and could not cross-neutralize 
Omicron  Participants boosted with an mRNA vaccine had high 
titers to Delta, and cross-neutralized Omicron  

Conclusion
We showed that mRNA booster vaccination after Ad26 COV2 S 
priming induces strong humoral and cellular immune responses, 
which are detectable up to 5 months after booster vaccination  
However, although waning was observed and cross-neutralization 
of emerging variants is less likely, the fact that immune responses 
were detected in almost all study participants early and later 
after booster vaccinations indicates that immunological memory 
was properly performed  Our results do not directly lead to a 
recommendation for a second boost within 5 months after the first 
boost, provided there are no alarming variants of concern  
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Injectable thermosensitive hydrogel for heart regeneration 
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Introduction
Many genes and pathways have been indicated to play essential 
roles during heart regeneration and manipulation of these 
pathways using small molecules have been shown to be promising 
therapeutic strategies [1-3]  In this study, a delivery system 
composed of micelle-containing thermosensitive hydrogel, 
previously complexed with CHIR99201 (a small hydrophobic 
GSK3 inhibitor and Wnt agonist), was designed allowing local 
sustained release of the small molecular drug 

Methods
In this study, the NPN triblock copolymer synthesized by ATRP 
polymerization, was used as a loading carrier for CHIR99021 
(CHIR) by forming flower-like micelles that encapsulate the 
hydrophobic drug via heat-shock procedure [4]  The CHIR-NPN 
gel was then formulated by increasing the CHIR-NPN polymer 
content, reaching the final concentration of 20%w/w. CHIR 
release studies were conducted at 37°C upon addition of PBS 
(pH 7 4) supplemented with 4 5%w/w bovine serum albumin 
on top of the gels  Placebo NPN and CHIR-NPN gels were 
characterized by swelling/degradation studies to investigate the 
stability of the formulations  Gelation and injectability of the 
final system were tested. 

Results/Conclusions
After 15 days NPN placebo hydrogels were fully dissolved while 
CHIR-loaded hydrogels exhibited much longer degradation times 
(up to 54 days)  This shows that the presence of CHIR affects 
the stability of the hydrogel, presumably due to its interaction 
with the dehydrated moieties of pNIPAM  In vitro release 
studies showed a sustained release of the drug over 54 days, 
demonstrating release kinetics mainly governed by hydrogel 
erosion  In vivo experimental studies revealed that, after 4 days, 
the hydrogel was still present in the mouse pericardial cavity  
On the fourth day, the mice were sacrificed, and the hearts were 
sectioned  Hearts sections showed the massive proliferating 
pericardial cells (compared with controls) via different staining 
and markers  To conclude, the NPN thermosensitive hydrogel 
proved to be a potent candidate for cardiac delivery thanks to 
its erosion-dependent releasing characteristics and injectability 
to achieve a local and prolonged release of low molecular weight 
therapeutics 
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Background
The evidence from individual studies to support the maturational 
pattern of glomerular filtration rate (GFR) in healthy term-
born neonates is inconclusive  We performed an individual 
participant data (IPD) meta-analysis of reported measured GFR 
(mGFR) data aimed to establish neonatal GFR reference values  
Furthermore, we aimed to optimize neonatal creatinine-based 
GFR estimations 

Methods
We identified studies reporting mGFR measured by exogenous 
markers or creatinine clearance (CrCL) in healthy term-born 
neonates  The relationship between postnatal age and clearance 
was investigated using cubic splines with generalized additive 
linear mixed models  From our reference values, we estimated 
an updated coefficient for the Schwartz equation (eGFR(ml/
min/1 73m2)=(k*height (cm))/serum creatinine(mg/dl))  This 
coefficient was prospectively validated in 43 critically ill term-
born neonates 

Results
Forty-eight out of 1521 screened articles reported mGFR in 
healthy term-born neonates, and  978 mGFR values from 881 
neonates were analysed  IPD were available for 367 neonates 
and the other 514 neonates were represented by 41 aggregated 
data points as means/medians per group. GFR doubled in the first 
five days after birth from 19.6 (95%CI 14.7;24.6) ml/min/1.73m2 
to 40 6 (95%CI 36 7;44 5) ml/min/1 73m2, then more gradually 
increased to 59 4 (95%CI 45 9;72 9) ml/min/1 73m2 by four 
weeks of age. A coefficient of 0.31 to estimate GFR best fitted 
the data and showed high accuracy and precision in determining 
GFR 

Conclusions
These reference values for healthy term-born neonates show a 
biphasic increase in GFR with the largest increase between days 
1 and 5  Together with the re-examined Schwartz equation, this 
can help to delineate normal kidney function from pathological 
patterns and to identify neonates with altered GFR who possibly 
need additional investigation and monitoring to adjust drug 
dosing and fluid management.
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Medication adherence is a decisive factor of whether a drug 
treatment will be effective or not, but nevertheless still a 
common problem in clinical practice  Assessment of medication 
adherence may be useful before increasing doses or changing 
treatment strategies  Where many methods are available to 
monitor medication adherence, direct detection of the drug in the 
body is the most objective evidence that a dose has been taken  

Aims
As conventional blood sampling is an invasive way to assess 
adherence, alternative less-invasive methods have been 
developed  This research aims to provide an overview of three 
emerging bioanalytical methods for drug monitoring, being dried 
blood spots (DBS), saliva and hair 

Methods
A scoping review was performed using a systematic search in 
Pubmed, Embase, and Web of Science, covering the period 
2000–2020  Studies were included that described bioanalytical 
drug analyses in finger-prick DBS, saliva and hair, with validated 
applicability for therapeutic drug monitoring and/or medication 
adherence measurement  Inclusion criteria included chronic 
medication use (>3 months) and analysis in clinical samples, 
while drugs of abuse, toxicity and case studies were not assessed  
The results were organized by matrix, therapeutic field to be 
applied, and clinical applicability 

Results
A total of 4,590 studies were identified and 175 articles were 
included that measured drug levels in DBS (N=57), saliva (N=66), 
and hair (N=55)  The articles described chronic medication used 
for neurological diseases (37%), infectious diseases (31%), and 
for post-transplantation management (14%), where a total of 118 
unique drugs were identified. For DBS and saliva, most articles 
focused on the use in therapeutic drug monitoring (91% and 
71%, respectively), while most hair analyses were described for 
their use in medication adherence monitoring (69%) 

Conclusions
Adherence monitoring can be performed outside the 
traditional invasive blood sampling  While the advantages 
and disadvantages of DBS, saliva and hair differ, they all have 
potential for valid and more convenient adherence monitoring 
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Multiple sclerosis (MS) is a chronic autoimmune disease of the 
central nervous system characterized by focal inflammatory 
lesions and prominent demyelination  In the progressive stage 
of MS, endogenous remyelination mechanisms fail due to the 
inability of oligodendrocyte precursor cells (OPC) to differentiate 
into myelin-forming oligodendrocytes, and still no effective 
treatment is available  Hence, there is an urgent unmet medical 
need for repair therapeutics 
Phosphodiesterase 4 (PDE4) is a family of enzymes that inactivate 
cyclic adenosine monophosphate (cAMP), a second messenger 
crucial in OPC differentiation  We recently found that increasing 
cAMP using a full PDE4 inhibitor induced remyelination, yet 
only at an emesis-inducing dose  By narrowing down the target 
specificity to PDE4D, one of the four gene products of PDE4, 
we aimed to circumvent the PDE4-associated side effects, while 
boosting remyelination 
The PDE4D inhibitor Gebr32a was administered to primary 
mouse OPC to study differentiation  To evaluate (re)myelination, 
microspun fibers and ex vivo lysolecithin mouse brain slices 
were used  In vivo, the cuprizone-induced demyelination model 
was applied to evaluate remyelination on a functional (object 
location task and visual evoked potential) and ultrastructural level  
Finally, to assess emesis, we implemented the xylazine/ketamine 
anesthesia test, a surrogate marker for emesis in mice 
Inhibition of PDE4D significantly boosted OPC differentiation 
and enhanced (re)myelination reflected by more complete myelin 
sheaths surrounding the microfibers or the neurons in brain slices. 
Immunohistochemistry and ultrastructural G ratios confirmed 
remyelination in vivo upon PDE4D inhibition, accompanied by 
improved spatial memory and reduced visual evoked potential 
latency times  Even at 300 times the effective remyelinating dose, 
PDE4D inhibition did not induce changes in emetic-like behavior 
Taken together, we show for the first time that specific inhibition of 
PDE4D promotes (re)myelination while being devoid of emetic side 
effects  These results paved the way towards our patents pending 
on the use of selective PDE4D inhibitors against demyelinating 
diseases (EP18165843 6PCT/EP2019/05495WO2019/193091)  
Furthermore, our pending patents are underlying the setup of drug 
platform for PDE4D inhibitors as spin off finality to translate the 
preclinical findings into a clinical application.
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Introduction 
Cytomegalovirus (CMV) causes great morbidity and mortality, 
especially among solid organ transplant recipients, and can be 
treated with (val)ganciclovir  Therapeutic Drug Monitoring 
(TDM) of ganciclovir is often applied, although clinically 
established target levels corresponding with efficacy are lacking. 
In March 2021, the target trough level for ganciclovir was 
increased from 1-2 mg/L tot 2-4 mg/L in our clinic  

Aims
To compare TDM trough target levels of 1-2 mg/l and 2-4 mg/l in 
means of efficacy, toxicity and occurrence of resistance.
Methods: retrospective cohortstudy in adult patients who had 
undergone a solid organ transplantation and who were treated for 
CMV infection with (val)ganciclovir and in whom at least one 
ganciclovir trough level and two CMV viral loads were measured  
Clinical efficacy was defined as the absence of treatment failure 
for which a composite endpoint was formulated:  > 1 log10 
rise in viral load, therapy switch to foscarnet and/or request for 
genotyping within two weeks after treatment initiation  

Results/conclusion
In a total of 46 patients, two hundred ganciclovir trough levels 
were obtained  The composite endpoint was recorded in 23 
(69,7%) patients in the 1-2 mg/l target level group and 10 (76,9%) 
in the 2-4 mg/l target level group (p=0,18)  No association was 
found between ganciclovir trough levels and the composite 
endpoint (p=0,75). However, we did find a correlation between 
ganciclovir trough levels and the occurrence of lymphopenia (p= 
0,02)  Three resistant strains of CMV were detected in the 1-2mg/
l target group and zero in the 2-4mg/l target group, although this 
difference was not statistically significant (p=0,5). 
In conclusion the use of higher target levels mg/l did not lead 
to higher efficacy in solid organ transplant recipients who were 
treated for CMV infection  

 

Therapeutic drug monitoring of ganciclovir in patients with solid organ transplants and 
its correlation to efficacy and toxicity 
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Introduction: Cytomegalovirus (CMV) causes great morbidity and mortality, especially 
among solid organ transplant recipients, and can be treated with (val)ganciclovir. Therapeutic 
Drug Monitoring (TDM) of ganciclovir is often applied, although clinically established target 
levels corresponding with efficacy are lacking. In March 2021, the target trough level for 
ganciclovir was increased from 1-2 mg/L tot 2-4 mg/L in our clinic.  
Aims To compare TDM trough target levels of 1-2 mg/l and 2-4 mg/l in means of efficacy, 
toxicity and occurrence of resistance. 
Methods: retrospective cohortstudy in adult patients who had undergone a solid organ 
transplantation and who were treated for CMV infection with (val)ganciclovir and in whom at 
least one ganciclovir trough level and two CMV viral loads were measured. Clinical efficacy 
was defined as the absence of treatment failure for which a composite endpoint was 
formulated:  > 1 log10 rise in viral load, therapy switch to foscarnet and/or request for 
genotyping within two weeks after treatment initiation.  
Results/conclusion: In a total of 46 patients, two hundred ganciclovir trough levels were 
obtained. The composite endpoint was recorded in 23 (69,7%) patients in the 1-2 mg/l target 
level group and 10 (76,9%) in the 2-4 mg/l target level group (p=0,18). No association was 
found between ganciclovir trough levels and the composite endpoint (p=0,75). However, we 
did find a correlation between ganciclovir trough levels and the occurrence of lymphopenia 
(p= 0,02). Three resistant strains of CMV were detected in the 1-2mg/l target group and zero 
in the 2-4mg/l target group, although this difference was not statistically significant (p=0,5).  
In conclusion the use of higher target levels mg/l did not lead to higher efficacy in solid organ 
transplant recipients who were treated for CMV infection.  
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Zamrotul Izzah1,2,3†, Tanja R  Zijp1†, Christoffer Åberg2, Daan J  
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Medical Center Groningen, University of Groningen, Groningen, 
The Netherlands; 2Dept. of Pharmaceutical Analysis, Groningen 
Research Institute of Pharmacy, University of Groningen, 
Groningen, The Netherlands; 3Dept. of Pharmacy Practice, 
Faculty of Pharmacy, Universitas Airlangga, Surabaya, 
Indonesia; 4Medication Adherence Expertise Center of the 
Northern Netherlands (MAECON), Groningen, The Netherlands
†these authors contributed equally

Introduction
Numerous novel digital smart devices have been developed 
to support medication adherence monitoring 1 A new variant 
on the medication event monitoring system (MEMS) device 
is the electronic dose pack (EDP) smart blister, a digitally 
enabled version of the customizable medication blister package 
Dosepak®  The re-usable electronic module attached to the 
blister records the opening and closing date and time  For the 
EDP to be included in upcoming drug development trials, it is 
critical that its usability is evaluated  

Objectives
To assess the EDP smart blister’s usability within a clinical study 

Methods
The observational study included 20 healthy volunteers aged 
>18 years  They were asked to dispense placebo tablets twice 
daily from the EDP smart blister for a trial period of four weeks  
Each blister contained 14 tablets and thus each participant 
received a start blister with a re-usable e-module and three 
replacement blisters. Afterwards, they were asked to fill in 
online questionnaires and complete a short one-to-one interview  
Outcome measures included usability of the EDP smart blister 
(System Usability Scale [SUS]2) and transferability of the 
e-module  

Results 
All participants (19–62 years old, 55% female, 45% healthcare 
professionals, and 20% chronic medication users) completed the 
study and found the EDP smart blister easy to use, with a median 
(interquartile range [IQR]) SUS score of 78 8 (72 5 – 85 6)  Most 
subjects (90%) agreed that the blister was simple to use and the 
instructions on the package were clear  Half of them preferred 
blisters that are easier to carry because of their size  Most of them 
(90%) found it easy to transfer the e-module, but only 70% found 
it clear when to change it  

Conclusion
The EDP smart blister was well accepted and this study provides 
input to improve the smart blister and could be used for adherence 
monitoring 
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Moving towards sustainability in drug discovery
 
E  Wynendaele1, C  Furman2, B  Wielgomas3, E  Hak4, T  
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Poelarends4, B  De Spiegeleer1

1Faculty of Pharmaceutical Sciences, Ghent University, Gent, 
Belgium, 2Institut Pasteur de Lille, University of Lille, Lille, 
France; 3Faculty of Pharmacy, Medical University of Gdańsk, 
Gdańsk, Poland; 4Groningen Research Institute of Pharmacy, 
University of Groningen, Groningen, The Netherlands.

After the 2021 United Nations Climate Change Conference 
(COP26), climate change and sustainability are once more hot-
topic issues across all industries, including pharma  However, 
the concept of sustainability is currently still fragmented in the 
pharmaceutical field, with only emphasis on sustainability mainly 
restricted to the later stages of product development, including 
the environmental risk assessment for marketing authorization 
application  

However, also during the early stages of drug development, i e  
in drug discovery, sustainability can already be included, leading 
at least in part to more pronounced ‘sustainable medicines’. 
Therefore, we have selected ten sustainability principles that 
could or should be taken into account during drug discovery:

1  The ecological-environmental impact: active pharmaceutical 
ingredients damage the environment and may affect global 
biodiversity, which remains important in the development of 
new medicines 

2  Prioritization of medical needs could stimulate a worldwide 
equitable distribution of health care  

3  Green chemistry in synthesis, production and analytics may 
aid in reducing the large quantities of organic waste and 
greenhouse gases generated in the pharmaceutical field; 
moreover, it can reduce the consumption of elements and 
resources that are increasingly scarce 

4. Automation and the use of artificial intelligence (AI) and big 
data can increase the speed and effectiveness of drug discovery, 
as well as reduce the number of animals used in experiments 
and the burden on humans and the environment 

5  Addressing the root cause of illness rather than targeting 
disease symptoms, thereby improving the clinical outcome in 
patients 

6  The use of risk and decision models in drug research makes it 
possible to take optimally sustainable decisions that consider 
the entire life cycle of the drug 

7  The use of biomarkers and bioinformatics supports precision 
medicine and thus helps to prevent ineffective drug use  

8  Equal access to medicines, including transparent discussions 
on cost-benefit and effectiveness.

9. Implementation of ‘lean’ principles can aid in discovering the 
right medicine in a fast, efficient and value-creating way. 

10 Finally, sustainability should also be pursued by responsible 
research and innovation in research institutions and 
universities 
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Introduction
The endocannabinoid system plays an important role in 
mediating various physiological and pathological processes via 
the cannabinoid receptors type 1 (CB1R) and type 2 (CB2R)  
Although involved in distinct processes the two receptors share 
a high sequence similarity, which complicates the development 
of selective CB2R agonists for treatment of pain, inflammatory 
diseases and cancer without inducing psychotropic side effects  
Hence, a better understanding of the molecular mechanisms 
involved in selective CB2R target engagement and signaling may 
help to improve drug design  

Methods
Cryo-electron microscopy structures were made of CB2R 
in complex with the Gi protein for the non-selective agonist 
CP55940 and three structurally diverse CB2R-selective agonists 
HU308, APD371 (Olorinab) and LEI102 (a novel compound)  
Furthermore, the interaction of the four agonists with 21 critical 
amino acids in either the binding pocket or two potential ligand 
entry pathways of CB2R and CB1R were examined in [3H]
CP55940 displacement and functional [35S]GTPγS assays by 
a mutagenesis approach  Moreover, kinetic radioligand binding 
assays were performed to determine the association (kon) and 
dissociation rate constants (koff) of the synthetic agonists and 
endocannabinoids 

Results
Here, we report the successful generation of four cryo-EM 
structures of the CB2R-Gi complexes with agonists CP55940, 
HU308, APD371 and LEI102 with resolutions of 2 94 Å, 3 0 Å, 
3.0 Å and 2.9 Å, respectively. Affinity and functional mutagenesis 
studies showed that the four agonists have distinct interactions in 
the CB2R binding pocket  Furthermore, our data indicated that 
highly lipophilic agonist HU308 and endocannabinoids bind and 
activate the receptor via membrane entry, which is not the case 
for CP55940, APD371 and LEI102. This finding was correlated 
with slower association of HU308 and the endocannabinoids to 
the receptor compared to CP55940, APD371 and LEI102  

Conclusions
Structural biology studies combined with site-directed 
mutagenesis and extensive molecular pharmacology research 
have revealed the molecular basis of target engagement of CB2R 
agonists  This provides a framework for the rational design and 
understanding of experimental drugs targeting the CB2R  
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Sequence-based identification of functional residues in 
Mycobacterium Tuberculosis DnaE1 and DnaE2
 
R.C.M. Kuin1, T H W Bäck2, M H  Lamers3, G J P  van Westen1

1Computational Drug Discovery, LACDR, Leiden University, 
the Netherlands; 2Natural Computing Group, LIACS, Leiden 
University, the Netherlands; 3Department of Cell and Chemical 
Biology, LUMC, the Netherlands

Aims
Tuberculosis (TB) is caused by Mycobacterium tuberculosis 
(Mtb) and is the leading cause of death by an infectious disease 1 
The emergence of drug-resistant TB increases the need for new 
antibiotics  Here, we explore Mtb DNA polymerase as novel 
drug target  Mtb contains two copies of DNA polymerases 
involved in replication, the replicative DNA polymerase DnaE1 
and DNA polymerase DnaE2 which is related to drug-resistance 
mutations.1 In this project we aim to find differences between 
DnaE1 and DnaE2 to explain their different enzymatic properties 

Methods
Statistical Coupling Analysis (SCA) was used to identify groups 
of co-evolving residues for DnaE1 and DnaE2, based on an 
Multiple Sequence Alignment (MSA) 3 Next, the individual 
residues in this group were subjected to in silico mutagenesis in 
ICM-Pro v3 9-2c to predict the effect of mutations upon DNA 
binding 4
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Aims 
Tuberculosis (TB) is caused by Mycobacterium tuberculosis (Mtb) and is the leading cause of death 
by an infectious disease.1 The emergence of drug-resistant TB increases the need for new antibiotics. 
Here, we explore Mtb DNA polymerase as novel drug target. Mtb contains two copies of DNA 
polymerases involved in replication, the replicative DNA polymerase DnaE1 and DNA polymerase 
DnaE2 which is related to drug-resistance mutations.1 In this project we aim to find differences 
between DnaE1 and DnaE2 to explain their different enzymatic properties. 
 
Methods 
Statistical Coupling Analysis (SCA) was used to identify groups of co-evolving residues for DnaE1 
and DnaE2, based on an Multiple Sequence Alignment (MSA).3 Next, the individual residues in this 
group were subjected to in silico mutagenesis in ICM-Pro v3.9-2c to predict the effect of mutations 
upon DNA binding.4 

 
 

 
 
 
 

 
 
 
 
 
Figure 1: (A) co-evolving residues that were identified using SCA for DnaE1 (yellow) and DnaE2 (red). (B) Annotation 
of different domains in DnaE1. 
 
Results 
For both DNA polymerases a similar group of co-evolving residues was identified which were mostly 
located near the polymerase active site and the DNA (Figure 1A). Given that DnaE2 does not have 
a functional exonuclease site (Figure 1B), it is interesting to see that for DnaE2 no co-evolving 
residues were found in this domain, confirming the lack of selective pressure for the PHP domain. 
Moreover, the DnaE2 surface residue S943 was picked up and could play a role in binding to the β-
clamp, however in vitro experiments are needed to elucidate their exact roles. For DnaE1, 
computational mutagenesis on the co-evolving residues showed a large negative effect on DNA 
binding upon mutagenesis of position H543, suggesting an important role for this residue for DNA 
binding. However, in vitro experiments are needed to validate these results.  
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Figure 1: (A) co-evolving residues that were identified using SCA 
for DnaE1 (yellow) and DnaE2 (red). (B) Annotation of different 
domains in DnaE1.

Results
For both DNA polymerases a similar group of co-evolving 
residues was identified which were mostly located near the 
polymerase active site and the DNA (Figure 1A)  Given that 
DnaE2 does not have a functional exonuclease site (Figure 1B), it 
is interesting to see that for DnaE2 no co-evolving residues were 
found in this domain, confirming the lack of selective pressure 
for the PHP domain  Moreover, the DnaE2 surface residue S943 
was picked up and could play a role in binding to the β-clamp, 
however in vitro experiments are needed to elucidate their exact 
roles  For DnaE1, computational mutagenesis on the co-evolving 
residues showed a large negative effect on DNA binding upon 
mutagenesis of position H543, suggesting an important role for 
this residue for DNA binding  However, in vitro experiments are 
needed to validate these results 
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Preliminary investigation of cyclosporine A-loaded TPGS 
micelles as potential nose to brain drug delivery systems
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F  Sonvico1

1Dept. of Food and Drug, University of Parma, Parma, 
Italy; 2Department of Medical Chemistry, Biochemistry and 
Biotechnology, University of Milan, Milan, Italy.

Nanoparticular systems not exceeding 100 nm [1] have been 
suggested as potentially effective strategies for the delivery of 
neuroprotective peptide drugs such as cyclosporine A (CSA) via 
the nose to brain (N2B) pathway [2]  

Aims
The aim of the study was to produce and characterize CSA-
loaded vitamin E polyethylene glycol succinate (TPGS) micelles 
and evaluate their potential as drug delivery systems for N2B  

Methods
CSA-loaded micelles (0 1, 0 25 and 0 5 mg/mL) were prepared 
by directly adding CSA to the blank formulation prepared by 
dissolving TPGS in a NaCl 9 g/L solution [3]  The micelles were 
characterized at time 0 and after 1 month stored at 25°C for 
particle size, PDI and Zeta potential and for CSA encapsulation 
efficiency (EE%) by HPLC. The molecular structure of the 
micelles and their interaction with mucus were further analyzed 
by Small Angle X-ray Scattering (SAXS, ID02 high-brilliance 
beamline, ESRF, Grenoble, France). The in vitro release profile 
at 37°C was studied by the dialysis method in a simulated nasal 
electrolyte solution (SNES), pH 6 5, with 0 2% sodium dodecyl 
sulfate to maintain sink conditions  

Results / Conclusions
All the micelles showed stable particle size never exceeding 15 
nm, narrow PDI and null surface charge, suitable for avoiding 
the binding to mucin glycoproteins [4]  The SAXS analysis 
highlighted the tendency of micelles to assume a more spherical 
shape with increasing CSA encapsulation, and a high rate of 
mucodiffusion  The CSA EE% was in all the cases higher than 
95%, with a slight reduction after a month at 25°C. The in 
vitro release study pointed out that the 0 5 mg/mL CSA-loaded 
micelles released in 6 hours the 55% of the total CSA present 
in the dialysis tube, against the 6% from a reference CSA 
suspension  
All these results make TPGS micelles a promising CSA delivery 
system for N2B purpose 
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Cycloalkylamine analogues as novel inhibitors for the 
norepinephrine transporter
 
Majlen A  Dilweg1, Tamara A M  Mocking1, Anouk J  Meijer1, A  
Kaj Huisman1, Adriaan P  IJzerman1, Laura H  Heitman1,2, Daan 
van der Es1  
1Division of Drug Discovery and Safety, Leiden Academic Centre 
for Drug Research, Leiden University, The Netherlands 2Oncode 
Institute, Leiden, The Netherlands

Introduction 
Depression is one of the most common mental disorders that is 
caused by dysregulation of neurotransmitter release and uptake 
by monoamine transporters  Current treatment strategies for 
depression include inhibitors targeting the norepinephrine 
transporter (NET, SLC6A2), the serotonin transporter 
(SERT, SLC6A4) or dual NET and SERT inhibitors (SNRIs)  
Disadvantageously these inhibitors have a slow onset of action 
and show a lack of efficacy in over 50% of the patients1. Hence, 
there is a need for novel monoamine transporter inhibitors  Recent 
in-house virtual screening efforts utilizing a proteochemometric 
model discovered GIFT1147, a cycloalkylamine, as a potent 
inhibitor for NET (Figure 1A)2  Here we further optimize the 
cycloalkylamine scaffold of GIFT1147 to establish a structure-
activity relationship on NET 

Methods
Twenty cycloalkylamine analogues were designed and purchased 
based on the scaffold of GIFT1147 (Figure 1B)  These analogues 
were screened at 1 µM for their potential to inhibit NET utilizing 
an impedance-based screening assay3  Hit compounds were 
further characterized to determine their NET potency    
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Introduction  
Depression is one of the most common mental disorders that is caused by dysregulation of 
neurotransmitter release and uptake by monoamine transporters. Current treatment strategies 
for depression include inhibitors targeting the norepinephrine transporter (NET, SLC6A2), the 
serotonin transporter (SERT, SLC6A4) or dual NET and SERT inhibitors (SNRIs). 
Disadvantageously these inhibitors have a slow onset of action and show a lack of efficacy in 
over 50% of the patients1. Hence, there is a need for novel monoamine transporter inhibitors. 
Recent in-house virtual screening efforts utilizing a proteochemometric model discovered 
GIFT1147, a cycloalkylamine, as a potent inhibitor for NET (Figure 1A)2. Here we further 
optimize the cycloalkylamine scaffold of GIFT1147 to establish a structure-activity relationship 
on NET.  
Methods 
Twenty cycloalkylamine analogues were designed and purchased based on the scaffold of 
GIFT1147 (Figure 1B). These analogues were screened at 1 µM for their potential to inhibit 
NET utilizing an impedance-based screening assay3. Hit compounds were further characterized 
to determine their NET potency.    
 

 
Figure 1. Structure of GIFT1147 (A) and cycloalkylamine-scaffold (B) on which analogues were designed. 

 
Results/Conclusion 
Ten out of twenty GIFT1147 analogues displayed over 70% inhibition of NET. Alterations at 
the R3-position decreased or even abrogated NET inhibition, indicating dichloro-substitution of 
the phenyl ring is optimal for NET inhibition. Interestingly, rigidification of the R2-position 
resulted in hit compound GIFT1215 with a potency (pIC50 8.3 ± 0.1) similar to reference 
inhibitor nisoxetine. The other analogues displayed potencies comparable to GIFT1147. To 
conclude, cycloalkylamine analogues are promising inhibitors for NET and further 
characterization will determine the potential of this scaffold to inhibit other monoamine 
transporters. 
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Figure 1. Structure of GIFT1147 (A) and cycloalkylamine-
scaffold (B) on which analogues were designed.

Results/Conclusion
Ten out of twenty GIFT1147 analogues displayed over 70% 
inhibition of NET  Alterations at the R3-position decreased or 
even abrogated NET inhibition, indicating dichloro-substitution 
of the phenyl ring is optimal for NET inhibition  Interestingly, 
rigidification of the R2-position resulted in hit compound 
GIFT1215 with a potency (pIC50 8 3 ± 0 1) similar to reference 
inhibitor nisoxetine  The other analogues displayed potencies 
comparable to GIFT1147  To conclude, cycloalkylamine 
analogues are promising inhibitors for NET and further 
characterization will determine the potential of this scaffold to 
inhibit other monoamine transporters 
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The role of saccharin in supersaturating drug delivery 
systems (SDDS)
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1Pharmaceutical Sciences Department, Federal University of 
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Aims
The use of hydrophilic carriers with low molecular weight has 
been investigated as an alternative way to reduce the amount of 
carriers/precipitation inhibitors required to stabilize supersaturated 
solutions replacing the traditional use of polymers  Eutectic 
mixtures (EMs) are crystalline systems that can improve drug 
release, but their occurrence is not predictable, hampering their use  
Despite EMs ’superior solid-state stability compared to amorphous 
systems and their ability to increase drug release, its potential to 
improve solubility and dissolution rate of poorly water-soluble 
drugs remains little explored1  In the present work, we hypothesize 
that: a) a crystalline system as a EMs could form a SDDS of model 
drug griseofulvin (GSF) and saccharin (SAC) b) an amorphous 
formulation of GSF with SAC could improve drug release 

Methods
The eutectic point of GSF and SAC was investigated by the 
diagram phase based on DSC  Drug-saccharin amorphization 
was assessed using quench cooling (QC)  Formulations and 
isolated raw materials were characterized by XRPD, DSC, 
FTIR and SEM. Kinetic release studies were evaluated in non-
sink conditions  DLS was employed to monitor the colloidal 
size of GSF supersaturated solutions in buffer pH 6 5 and 
FaSSIF at 37 °C.

Results
The potential of GSF and SAC to form a eutectic mixture was 
recognized  DSC analyses using different GSF:SAC proportions  
were applied to construct the binary phase diagram (Fig  1)  The 
eutectic point of GSF and SAC corresponds to 66:34 % w/w  The 
amorphous formulation GSF-SAC QC afforded higher kinetic 
drug release than the raw crystalline drug (AUC gain of 43%) 

 

88047259_7603930 
The role of saccharin in supersaturating drug delivery systems (SDDS) 
 
Hellen K. Stulzer1,2 Maria T. França1; Tatyane M. Marcos 1a, Paulo F. A. Costa2, Giovana C. 
Bazzo1; Rafael P. Nicolay1, Adriana P. Gerola2. 
1Pharmaceutical Sciences Department, Federal University of Santa Catarina, Florianópolis, SC, 
Brazil 
2Chemistry Department, Federal University of Santa Catarina, Florianópolis, SC, Brazil 
 
Aims 
The use of hydrophilic carriers with low molecular weight has been investigated as an 
alternative way to reduce the amount of carriers/precipitation inhibitors required to stabilize 
supersaturated solutions replacing the traditional use of polymers. Eutectic mixtures (EMs) are 
crystalline systems that can improve drug release, but their occurrence is not predictable, 
hampering their use. Despite EMs ’superior solid-state stability compared to amorphous 
systems and their ability to increase drug release, its potential to improve solubility and 
dissolution rate of poorly water-soluble drugs remains little explored1. In the present work, we 
hypothesize that: a) a crystalline system as a EMs could form a SDDS of model drug 
griseofulvin (GSF) and saccharin (SAC) b) an amorphous formulation of GSF with SAC could 
improve drug release.  
Methods 
The eutectic point of GSF and SAC was investigated by the diagram phase based on DSC. 
Drug-saccharin amorphization was assessed using quench cooling (QC). Formulations and 
isolated raw materials were characterized by XRPD, DSC, FTIR and SEM. Kinetic release 
studies were evaluated in non-sink conditions. DLS was employed to monitor the colloidal size 
of GSF supersaturated solutions in buffer pH 6.5 and FaSSIF at 37 °C. 
Results 
The potential of GSF and SAC to form a eutectic mixture was recognized. DSC analyses using 
different GSF:SAC proportions  were applied to construct the binary phase diagram (Fig. 1). 
The eutectic point of GSF and SAC corresponds to 66:34 % w/w. The amorphous formulation 
GSF-SAC QC afforded higher kinetic drug release than the raw crystalline drug (AUC gain of 
43%). 
 

 
 
 
 
 
 
 
 

Fig 1. Binary phase diagram of melting temperature 
 

Conclusions: The main finding of this study was that for the first time a EMs’ acted as a SDDS, 
emphasizing the importance its investigation mainly during preformulation studies. 
 
References: 
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bioavailability of poorly water-soluble drugs. Int. J. Pharm. 588, 2020.  

 

Fig 1. Binary phase diagram of melting temperature

Conclusions
The main finding of this study was that for the first time a EMs’ 
acted as a SDDS, emphasizing the importance its investigation 
mainly during preformulation studies 
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ABS 88072291
Cancer Associated Mutations of the Adenosine A2A Receptor 
Alter Ligand Binding and Receptor Function 

Chenlin Feng1,2, Xuesong Wang1, Willem Jespers1, Rongfang 
Liu1, Sofía Denise Zamarbide Losada1, Marina Gorostiola 
González1,2, Gerard van Westen1, Erik HJ Danen1, Laura H 
Heitman1,2 
1Div. of Drug Discovery & Safety, LACDR, Leiden University, 
Leiden, The Netherlands 2Oncode Institute, Leiden, The 
Netherlands

The adenosine A2A receptor (A2AAR) is a class A G protein-
coupled receptor (GPCR)  It is an immune-checkpoint in the 
tumor micro-environment and has become an emerging target for 
cancer treatment [1] 

Aims
In this study, we aimed to explore the effects of cancer patient-
derived A2AAR mutations on ligand binding and receptor 
function 

Methods
A2AAR mutations were retrieved from the Genomic Data 
Commons harboring data from patient samples of different 
cancer types  Wild-type A2AAR and 15 mutants were expressed 
in HEK293T cells. Firstly, the affinity of the agonist NECA 
and antagonist ZM241385 were determined using radioligand 
displacement assays  Secondly, agonist potency and antagonist 
inhibition at the different receptor variants were characterized 
on living cells using an impedance-based cell morphology assay 
(xCELLigence)  

Results / Conclusions
Radioligand displacement assays showed that the binding affinity 
for the agonist NECA was decreased for six mutants, but increased 
for the V275A mutant  Mutations A165V and A265V decreased 
the binding affinity of the antagonist ZM241385. In addition, 
by comparing the potency values from an impedance-based cell 
morphology assay, we found that for mutants evaluated in both 
assays, the potency of NECA (EC50) was mostly correlated 
with their binding affinity on the different mutants. Moreover, 
mutations S132L and H278N were found to shift the A2AAR 
towards the inactive state  Importantly, we found that ZM241385 
could not inhibit the activation of V275A and P285L stimulated 
by NECA  Taken together, cancer associated mutations of 
A2AAR modulate ligand binding and receptor function  This 
study provides fundamental insights in the structure-activity 
relationship of A2AAR and provides insights for A2AAR-related 
personalized treatment in cancer  

References
1  Congreve, M ; Brown, G A ; Borodovsky, A ; Lamb, M L  Targeting 

adenosine A2A receptor antagonism for treatment of cancer  Expert 
Opin Drug Discov 2018, 13, 997-1003, doi:10 1080/17460441 2018 
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ABS 88074290
Papyrus - A large scale curated dataset aimed at bioactivity 
predictions 
 
Olivier J  M  Béquignon1, Brandon J  Bongers1, Willem Jespers1, 
Ad P  IJzerman1, Bob van de Water1, Gerard J P  van Westen1

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

With the recent advancements in machine learning and more 
specifically deep learning, the ability of algorithms to converge 

to a stable state and optimal solution to predict ligand-protein 
bioactivity data is challenged, specifically when considering 
small datasets  Additionally, the trove of bioactivity data that 
can be used in this regard suffers from the use of different 
standardisation rules applied to molecular structures, bioactivity 
measurements and units  

Aims
This study aims at combining and standardising multiple 
sources of bioactivity data while annotating the quality of each 
datapoint  In a second step, it aims at evaluating the diversity of 
the aggregated data, named Papyrus dataset, not only in terms of 
chemical space but also in terms of target and bioactivity spaces 

Methods
The ChEMBL1 and ExCAPE-DB2 large public datasets were 
combined with that of four other articles3–6  Molecular structures 
were standardised using the ChEMBL structure pipeline 
while determining canonical ionization and tautomerization 
states  Targets were annotated with ChEMBL’s protein family 
classification. Finally, protein-compound interactions were 
categorised as low-, medium- or high-quality data based on (i) the 
ChEMBL curators’ confidence in the assay and (ii) that the correct 
protein targets were assigned and on (iii) the precision associated 
with the bioactivity measurement: censored and binary data being 
associated with low quality 
Subsets of the Papyrus dataset relating to adenosine, C-C 
chemokine and monoamine receptors, kinases and members of 
the solute carrier 6 (SLC6) transport family were created and 
bioactivities were modelled using extreme gradient boosted trees 
Finally, the chemical, protein target and bioactivity spaces were 
evaluated as functions of chemical environments, sequences and 
fold similarities 

Results / Conclusions
The Papyrus dataset consisting of 59,763,781 compound-protein 
pairs was aggregated and its data normalised  Quantitative 
structure-activity relationship and proteochemometrics models 
were fitted with mean balanced accuracy and Maxwell correlation 
coefficient of 0.69 and 0.39 and Pearson r and root-mean-square 
error of 0 55 and 0 94 respectively  Additionally, the Papyrus 
dataset shows increased chemical environment diversity as well 
as less sparse bioactivity matrix 
It is anticipated that the Papyrus dataset can be exploited in a 
myriad of ways and filtered or altered for specific research 
questions 
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ABS 88079158
Corrupted SMILES: a novel approach to de novo drug design 
 
L  Schoenmaker1, O J M  Béquignon1, G J P  van Westen1

1Div. of Drug Discovery and Safety, LACDR, Leiden University, 
Leiden, The Netherlands

Introduction
Generative deep learning models have emerged as a powerful 
approach for de novo drug design, as they aid researchers 
in finding new molecules with desired properties. Despite 
continuous improvements in the field, a subset of the novel 
structures that these de novo generators produce is useless due to 
errors in the generated molecular representation, the Simplified 
Molecular-Input Line-Entry System (SMILES) 

Objectives
Here, we propose a novel exploration technique that is able to fix 
these invalid sequences and yield new, usable molecules 
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Introduction 
Generative deep learning models have emerged as a powerful approach for de novo drug design, 
as they aid researchers in finding new molecules with desired properties. Despite continuous 
improvements in the field, a subset of the novel structures that these de novo generators produce 
is useless due to errors in the generated molecular representation, the Simplified Molecular-
Input Line-Entry System (SMILES). 
 
Objectives 
Here, we propose a novel exploration technique that is able to fix these invalid sequences and 
yield new, usable molecules. 
 

 
Methods 
To this end, we trained a sequence-to-sequence model to translate invalid SMILES into valid 
representations (Bjerrum & Sattarov, 2018). Several model architectures were trained and 
benchmarked with the use of synthetic datasets. The best performing model was then used to 
generate new compounds, in two different use cases. First, the corrector was applied to real-
world invalid outputs from the generative model DrugEx (Liu et al., 2021). Second, the 
corrector was used to explore the chemical space around known ligands. 
 
Results 
The current study found that the transformer architecture results in the best-performing models. 
Interestingly, our results suggest that the corrector model distinguishes between correct and 
erroneous parts of SMILES sequences. Additionally, when the corrector is trained on invalid 
SMILES with multiple errors, the performance on real-world invalid inputs improves. 
Ultimately, when coupled with a source of invalid SMILES, our model provides added value 
in the form of different, new molecules, from which hits can be selected. 
 
Conclusions 
The results of this research demonstrate that the proposed approach enhances our toolbox in the 
search for better drug candidates. 
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● Valid 
● Invalid 

Methods
To this end, we trained a sequence-to-sequence model to 
translate invalid SMILES into valid representations (Bjerrum 
& Sattarov, 2018)  Several model architectures were trained 
and benchmarked with the use of synthetic datasets  The best 
performing model was then used to generate new compounds, in 
two different use cases  First, the corrector was applied to real-
world invalid outputs from the generative model DrugEx (Liu et 
al , 2021)  Second, the corrector was used to explore the chemical 
space around known ligands 

Results
The current study found that the transformer architecture results 
in the best-performing models  Interestingly, our results suggest 
that the corrector model distinguishes between correct and 
erroneous parts of SMILES sequences  Additionally, when the 
corrector is trained on invalid SMILES with multiple errors, the 
performance on real-world invalid inputs improves  Ultimately, 
when coupled with a source of invalid SMILES, our model 
provides added value in the form of different, new molecules, 
from which hits can be selected 

Conclusions
The results of this research demonstrate that the proposed 
approach enhances our toolbox in the search for better drug 
candidates 
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polypharmacology  Journal of Cheminformatics, 13(1), 85  https://doi 
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ABS 88088084 
Preliminary investigation of cyclosporine A-loaded TPGS 
micelles as potential nose to brain drug delivery systems
 
F  Guareschi1, E  Del Favero2, L  Cantù2, C  Ricci2, F  Buttini1, 
F  Sonvico1

1Dept. of Food and Drug, University of Parma, Parma, 
Italy; 2Department of Medical Chemistry, Biochemistry and 
Biotechnology, University of Milan, Milan, Italy.

Nanoparticular systems not exceeding 100 nm [1] have been 
suggested as potentially effective strategies for the delivery of 
neuroprotective peptide drugs such as cyclosporine A (CSA) via 
the nose to brain (N2B) pathway [2]  

Aims
The aim of the study was to produce and characterize CSA-
loaded vitamin E polyethylene glycol succinate (TPGS) micelles 
and evaluate their potential as drug delivery systems for N2B  

Methods
CSA-loaded micelles (0 1, 0 25 and 0 5 mg/mL) were prepared 
by directly adding CSA to the blank formulation prepared by 
dissolving TPGS in a NaCl 9 g/L solution [3]  The micelles were 
characterized at time 0 and after 1 month stored at 25°C for 
particle size, PDI and Zeta potential and for CSA encapsulation 
efficiency (EE%) by HPLC. The molecular structure of the 
micelles and their interaction with mucus were further analyzed 
by Small Angle X-ray Scattering (SAXS, ID02 high-brilliance 
beamline, ESRF, Grenoble, France). The in vitro release profile 
at 37°C was studied by the dialysis method in a simulated nasal 
electrolyte solution (SNES), pH 6 5, with 0 2% sodium dodecyl 
sulfate to maintain sink conditions  

Results / Conclusions
All the micelles showed stable particle size never exceeding 15 
nm, narrow PDI and null surface charge, suitable for avoiding 
the binding to mucin glycoproteins [4]  The SAXS analysis 
highlighted the tendency of micelles to assume a more spherical 
shape with increasing CSA encapsulation, and a high rate of 
mucodiffusion  The CSA EE% was in all the cases higher than 
95%, with a slight reduction after a month at 25°C. The in 
vitro release study pointed out that the 0 5 mg/mL CSA-loaded 
micelles released in 6 hours the 55% of the total CSA present 
in the dialysis tube, against the 6% from a reference CSA 
suspension  
All these results make TPGS micelles a promising CSA delivery 
system for N2B purpose 
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ABS 88089887
Applying machine learning for virtual drug discovery and 
development of adenosine A2A ligands combining in silico 
medicinal chemistry and quantitative systems pharmacology 

H W  van den Maagdenberg1,2, J G C  van Hasselt2, P H  van der 
Graaf2,3, G J P  van Westen1 1Div  of Drug Discovery and Safety, 
2Div  of Systems Pharmacology and Pharmacy, LACDR, Leiden 
University, Leiden, The Netherlands; 3Certara, University Road, 
Canterbury Innovation Centre, Unit 43, CT2 7FG Canterbury, 
Kent, UK.

Introduction/Objectives
Many promising machine learning techniques have been 
developed and successfully applied to optimize target affinity of 
molecules for the discovery of novel drug candidates  However, 
clinical efficacy of a potential drug is dependent on more than just 
affinity. Quantitative systems pharmacology models can describe 
the relationship between receptor activation and biomarkers 
for efficacy and toxicity. The aim of this study is to explore the 
integration of systems pharmacology models in the virtual drug 
discovery pipeline for discovering new therapeutics in a case 
study focused on targeting the adenosine A2a receptor (A2aR) 

Immuno-oncology agents, such as A2aR inhibitors1, are 
promising new cancer therapeutics, but they do not have sufficient 
effect in many patients  Immuno-oncology is complex and the 
mechanistic link between target and effect is often not well-
understood  Therefore, targeting the A2aR will be the case study 
used to test the proposed combination of systems pharmacology 
and medicinal chemistry 

Methods
Novel ligands were generated for the A2aR using DrugEx2, 
which is a multi-objective de novo generator using recurrent 
neural network-based reinforcement learning (RL)  Quantitative 
structure activity (QSAR) Random Forests models were trained 
on a dataset of activity data for the A1, A2a, A2b and A3 receptors 
to apply as feedback during the RL process 

Results / Conclusions
The trained model was used to predict 10,000 ligand, of those 
99% were valid and 88% had the desired activity profile. These 
results show that DrugEx can successfully predict A2aR ligands 
for continuation of this research  The characteristics of the 
resulting set of molecules, will be used to predict the clearance 
and volume of distribution through machine learning based 
predictive3  The resulting parameter estimates will be used in 
a systems pharmacology model4 to compare tumor inhibition 
efficacy of the predicted inhibitors. In conclusion, a virtual drug 
discovery pipeline with integrated systems pharmacology will be 
created to improve in silico drug prediction 
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ABS 88090621
Multivalent VHH formats for maximizing chemokine 
receptor CXCR4 oligomerization 

Stephanie Anbuhl1,2, Nick Bergkamp1, Claudia Perez1, Simon 
Mobach1,3, Marco Siderius1, Martine J  Smit1, Raimond Heukers1,2

1Amsterdam Institute of Molecular and Life Sciences (AIMMS), 
Division of Medicinal Chemistry, Faculty of Science, VU 
University, Amsterdam, The Netherlands; 2QVQ Holding BV, 
Utrecht, The Netherlands; 3Amsterdam UMC, Department of 
Experimental Immunology, Cancer Center Amsterdam, The 
Netherlands

Introduction
The chemokine receptor CXCR4, together with its ligand 
CXCL12, plays an important role in immune cell migration, 
hematopoiesis and cardiovascular development  Besides this 
physiological role, CXCR4 is overexpressed on a wide range of 
cancer cells  Single-domain antibody (sdAbs, also called VHHs) 
have been developed to target and antagonize chemokine-
induced signaling of CXCR4  Recently, CXCR4 is found to be 
present in clusters on cancer cells  Nevertheless, its role in cancer 
pathology remains poorly understood 

Aim
Unravelling the functional consequences of CXCR4 clustering 
enforced by multivalent VHH formats 

Methods
A panel of VHH targeting CXCR4 were selected upon 
immunization of llamas and phage display panning  VHH 
binding and CXCL12 displacement was assessed by ELISA 
and NanoBRET  CXCR4 clustering was measured BRET using 
CXCR4-YFP and CXCR4-Rluc  CXCR4 clustering-dependent 
signalling was assessed using western blotting  Formats of 
various valencies were developed by genetic fusion and purified 
from E.coli or HEK293f cells. 

Results
We selected a monovalent VHH that disrupted constitutive 
CXCR4 clustering  In addition, bivalent, trivalent and tetravalent 
VHH constructs were developed, which enforced receptor 
clusters up to the same extent as CXCL12, but without inducing 
G protein signaling and β-arrestin recruitment. Interestingly, 
VHH-induced CXCR4 clustering induced phosphorylation of 
downstream signaling proteins (STAT and ERK) in MCF7 cells, 
suggesting a signaling activity role for CXCR4 clusters  

Conclusions
Our results demonstrate that monovalent and multivalent VHH 
constructs can be used to modulate and study CXCR4 oligomers  
The signaling effects induced by CXCR4 clustering might play 
a role in CXCR4-mediated pathologies and serve as a specific 
therapeutic target 
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ABS 88093052
Green hemostatic sponge-like scaffold composed of soy 
protein and chitin for the treatment of epistaxis
 
J  Jimenez-Martina, K. Las Herasa,c, A. Etxabided, J. Urangad, 
K. de la Cabad,e, P. Guerrerod,e,f, M. Igartuaa,b,c, E. Santos-
Vizcainoa,b,c, R M  Hernandeza,b,c
aNanoBioCel Research Group, University of the Basque 
Country (UPV/EHU), bBiomedical Research Networking 
Centre in Bioengineering, Biomaterials and Nanomedicine 
(CIBER-BBN), cBioaraba, NanoBioCel Research Group, 
dBIOMAT Research Group, University of the Basque Country 
(UPV/EHU), eBCMaterials, Basque Center for Materials, 
Applications and Nanostructures, UPV/EHU Science Park; 
fProteinmat materials SL

Introduction
Epistaxis is one of the most common otorhinolaryngology 
emergencies all over the world [1]  Even if there are presently 
many treatments available, they generally present several 
drawbacks, principally from the environmental point of view 

Objectives
This growing social need of being environmentally respectful 
encouraged us to research whether a sponge-like scaffold (SP-
CH) produced from natural by-products of the food industry [2,3] 
— soy protein and β-chitin — can be used as a nasal pack for the 
treatment of epistaxis  

Methods
To assess the potential of our material as a nasal pack, it was 
compared with two of the most typically used nasal packs in the 
clinical routine: a basic gauze and the gold standard Merocel®  
General physicochemical and hemostatic properties were studied, 
in addition to the safety profile.
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Introduction 
Epistaxis is one of the most common otorhinolaryngology emergencies all over the world 
[1]. Even if there are presently many treatments available, they generally present several 
drawbacks, principally from the environmental point of view. 
 
Objectives 
This growing social need of being environmentally respectful encouraged us to research 
whether a sponge-like scaffold (SP-CH) produced from natural by-products of the food 
industry [2,3] — soy protein and β-chitin — can be used as a nasal pack for the treatment 
of epistaxis.  
 
Methods 
To assess the potential of our material as a nasal pack, it was compared with two of the 
most typically used nasal packs in the clinical routine: a basic gauze and the gold standard 
Merocel®. General physicochemical and hemostatic properties were studied, in addition 
to the safety profile. 
 

 

Figure 1. SP-CH sponge-like scaffold and its hemostatic properties. Macroscopic and scanning electron 
microscopy images showing the internal microstructure and the capacity to bind platelets (yellow arrows).  
Red blood cell adhesion assay: ***p < 0.001 compared to gauze and Merocel (MRC). N.S. non-significant. 

Figure 1. SP-CH sponge-like scaffold and its hemostatic properties. 
Macroscopic and scanning electron microscopy images showing 
the internal microstructure and the capacity to bind platelets 
(yellow arrows).  Red blood cell adhesion assay: ***p < 0.001 
compared to gauze and Merocel (MRC). N.S. non-significant.

Results 
Our SP-CH revealed excellent physicochemical and mechanical 
properties, lost weight in aqueous medium, and could even 
partially degrade when incubated in blood  It was shown to be 
both biocompatible and hemocompatible in vitro, resolving any 
question about its safety  It displayed increased blood clotting 
capacity in vitro, as well as great capacity to bind both red 
blood cells and platelets, compared to the standard gauze and 
Merocel®  Lastly, a rat-tail amputation model showed that our 
SP-CH could even reduce bleeding time in vivo  

Conclusion
This research, performed from a circular economy approach, 
proves that a green strategy can be followed to manufacture 
nasal packs using valorized by-products of the food industry, 
with equal or even superior hemostatic properties than the gold 
standard in the clinic 
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ABS 88097385
Assessment of cancer-related glutamate transporter (EAAT1 
/ SLC1A3) mutants using a combination of in vitro  and in 
silico approaches

Marina Gorostiola González1,2¥, Hubert J  Sijben1¥, Laura Dall’ 
Acqua1, Rongfang Liu1, Adriaan P  IJzerman1, Gerard J P  van 
Westen1, Laura H  Heitman1,2

1Division of Drug Discovery and Safety, Leiden Academic Centre 
for Drug Research, Leiden University, The Netherlands.2Oncode 
Institute, The Netherlands. ¥ These authors contributed equally. 

Introduction / Aims
Glutamate transporters (EAATs) are involved in the uptake of 
extracellular glutamate from the synapse and point mutations 
affecting their function are related to a number of psychiatric 
disorders 1,2 Moreover, glutamate transporters EAAT1 and 
EAAT2 have been associated with gliomas and peripheral cancer 
types, where their expression is differentially regulated 3

Methods
Here, we retrieved 105 patient-derived EAAT1 somatic 
mutations from the Genomic Data Commons (GDC) database 4 
Eight mutants were selected for in vitro characterization based on 
their location in structurally-relevant motifs and ligand binding 
pockets, as well as their predicted effect on orthosteric and 
allosteric binding affinity by Monte Carlo simulations. The effect 
of mutants on substrate and inhibitor potency was assessed with 
a label-free impedance-based assay 

Results / Conclusions
Some mutants (Y127C, A446E, A446V, L448Q) showed reduced 
substrate response with diverging effects on inhibitor function, 
whereas others (V247F, P392L) showed differential responses 
to orthosteric and allosteric inhibition  The causes behind the 
disparity of behaviors observed in vitro were further analyzed 
using Molecular Dynamics simulations  In conclusion, EAAT1 
mutations present in cancer patients affect glutamate transport 
and pharmacological inhibition. Knowing these effects is a key 
aspect in prioritizing anti-cancer treatments directed towards 
members of this solute carrier family in the future 
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HCMV-encoded viral GPCR US28 signals to the Hippo 
pathway via Gq/11
 
Eva M  Pfeil1, Irfan M  Setiawan1, Tian Shu Fan1, Marco 
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1Amsterdam Institute for Molecules, Medicines and Systems 
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The human cytomegalovirus (HCMV) is a herpesvirus that 
infects large parts of the population, with a prevalence of 80-
100% in Europe  In healthy individuals, HCMV infection usually 
induces little to no symptoms. However, recent findings indicate 
that HCMV might contribute to a variety of diseases, including 
cancer (1)  HCMV affects these diseases by encoding proteins 
that hijack the signaling network out its host cells(1)  One such 
protein is the viral G protein-coupled receptor (GPCR) US28(1), 
which interferes with, among other cellular mechanism, the 
Hippo signaling pathway  This pathway is a regulator of cell 
proliferation, and dysregulation of it has been linked to cancer(2)  

Aims
Understanding the molecular mechanisms that drive HCMV-
mediated oncomodulation is essential for developing treatments  
We hypothesize that one such mechanism is US28-mediated 
Hippo modulation  Thus, our aims are to: 
1) investigate how HCMV-encoded viral GPCR US28 modulates 

the Hippo pathway, 
2) identify the transducer driving this Hippo modulation,
3) quantify how this affects the expression of Hippo target genes 

 

HCMV-encoded viral GPCR US28 signals to the Hippo pathway via Gq/11 
Eva M. Pfeil1, Irfan M. Setiawan1, Tian Shu Fan1, Marco Siderius1, Martine J. Smit1 
1Amsterdam Institute for Molecules, Medicines and Systems (AIMMS), Division of Medicinal Chemistry, 
Faculty of Sciences, Vrije Universiteit, 1081 HZ Amsterdam, The Netherlands. 
 
The human cytomegalovirus (HCMV) is a herpesvirus that infects large parts of the population, 
with a prevalence of 80-100% in Europe. In healthy individuals, HCMV infection usually 
induces little to no symptoms. However, recent findings indicate that HCMV might contribute 
to a variety of diseases, including cancer (1). HCMV affects these diseases by encoding proteins 
that hijack the signaling network out its host cells(1). One such protein is the viral G protein-
coupled receptor (GPCR) US28(1), which interferes with, among other cellular mechanism, the 
Hippo signaling pathway. This pathway is a regulator of cell proliferation, and dysregulation 
of it has been linked to cancer(2).  
 
Aims 
Understanding the molecular mechanisms that drive HCMV-mediated oncomodulation is 
essential for developing treatments. We hypothesize that one such mechanism is US28-
mediated Hippo modulation. Thus, our aims are to:  
1) investigate how HCMV-encoded viral GPCR US28 modulates the Hippo pathway,  
2) identify the transducer driving this Hippo modulation, 
3) quantify how this affects the expression of Hippo target genes. 
  

 
Methods 
We use a TEAD reporter gene assay to detect Hippo pathway activity, combined with 
pharmacological inhibitors to determine the transducers affecting it. We also use qPCR to 
quantify the changes in expression of proliferative Hippo target genes. 
 
Results / Conclusions 
We find that expression of US28 in HEK293 cells interferes with the Hippo pathway and leads 
to an increase in TEAD reporter transcription. This increase is entirely dependent on Gq/11 
activation. Finally, we demonstrate that US28 signaling increases the expression of Hippo-
dependent YAP/TEAD target genes Cyr61 and CTGF.  
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Methods
We use a TEAD reporter gene assay to detect Hippo pathway 
activity, combined with pharmacological inhibitors to determine 
the transducers affecting it  We also use qPCR to quantify the 
changes in expression of proliferative Hippo target genes 

Results / Conclusions
We find that expression of US28 in HEK293 cells interferes with 
the Hippo pathway and leads to an increase in TEAD reporter 
transcription  This increase is entirely dependent on Gq/11 
activation  Finally, we demonstrate that US28 signaling increases 
the expression of Hippo-dependent YAP/TEAD target genes 
Cyr61 and CTGF  
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Introduction 
Overactivated estrogen receptor alpha (ERα) is linked to 
80% of breast cancer cases. Although several therapeutic 
interventions for this type of breast cancer exist, the frequent 
occurrence of drug resistance demands novel molecular 
approaches for treatment.1 The adaptor protein 14-3-3 binds 
to ERα and acts as a negative regulator by reducing its 
transcriptional activity.2 We have developed a natural 
product derivative (NAc) that stabilizes the ERα–14-3-3 
protein-protein interaction (PPI) and enhances 
downregulation of ERα in breast cancer cells. In addition, to 
reduce synthetic complexity, fully synthetic covalent 
stabilizers were designed. 

 
Aims 
This study aims to develop novel stabilizing molecules for the ERα–14-3-3 PPI to inhibit ERα 
activity in breast cancer. 
 
Methods 
We crystallized the ternary ERα/14-3-3/NAc complex and characterized its stabilization 
potency by fluorescence polarization assays. Furthermore, the biological activity of NAc was 
analyzed by testing the transcriptional activity of ERα in breast cancer cells using reporter 
assays and RNA sequencing methods. Finally, cellular proliferation of cell lines containing 
wild-type- and mutant ERα variants were examined.  
 
Results  
NAc suppressed transcriptional activity of ERα and inhibited breast cancer cell proliferation. 
Additionally, resistant breast cancer cell lines could still be targeted by NAc and a synergistic 
effect was observed with the traditional ERα degrader, Fulvestrant. Encouraged by these results 
and to reduce synthetic complexity, covalent stabilizers were synthesized guided by structural 
studies. Our results represent one of the first examples of the implementation and biological 
characterization of 14-3-3–partner protein stabilization as a novel therapeutic concept in disease 
intervention. 
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Introduction
Overactivated estrogen receptor alpha (ERα) is linked to 80% of 
breast cancer cases  Although several therapeutic interventions 
for this type of breast cancer exist, the frequent occurrence 
of drug resistance demands novel molecular approaches for 
treatment.1 The adaptor protein 14-3-3 binds to ERα and acts 
as a negative regulator by reducing its transcriptional activity 2 
We have developed a natural product derivative (NAc) that 
stabilizes the ERα–14-3-3 protein-protein interaction (PPI) 
and enhances downregulation of ERα in breast cancer cells. 
In addition, to reduce synthetic complexity, fully synthetic 
covalent stabilizers were designed 

Aims
This study aims to develop novel stabilizing molecules for the 
ERα–14-3-3 PPI to inhibit ERα activity in breast cancer.

Methods
We crystallized the ternary ERα/14-3-3/NAc complex and 
characterized its stabilization potency by fluorescence 
polarization assays  Furthermore, the biological activity of NAc 
was analyzed by testing the transcriptional activity of ERα in 
breast cancer cells using reporter assays and RNA sequencing 
methods  Finally, cellular proliferation of cell lines containing 
wild-type- and mutant ERα variants were examined. 

Results 
NAc suppressed transcriptional activity of ERα and inhibited 
breast cancer cell proliferation  Additionally, resistant breast 
cancer cell lines could still be targeted by NAc and a synergistic 
effect was observed with the traditional ERα degrader, 
Fulvestrant  Encouraged by these results and to reduce synthetic 
complexity, covalent stabilizers were synthesized guided by 
structural studies. Our results represent one of the first examples 
of the implementation and biological characterization of 14-3-
3–partner protein stabilization as a novel therapeutic concept in 
disease intervention 
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Introduction
The CRISPR-Cas9 system has recently emerged, as one of the 
most versatile gene editing tools currently available for a broad 
range of gene editing applications such as gene knock-out, gene 
knock-in and gene correction. However, efficiency of CRISPR-
Cas9 mediated gene editing is directly correlated with the 
efficiency of delivering the required CRISPR components into 
the target cells  

Aims
In this work, we investigated if a de novo designed amphipathic 
peptide LAH5, developed by Kichler et al. in 2003 to achieve 
delivery of plasmid DNA, is also suitable for functional delivery 
of Cas9 RNPs into a variety of cells in culture for both gene 
knock out and gene correction applications  

Methods
Peptide mediated nanocomplexes were formed by incubating 
ribonucleoproteins (RNP) and HDR templates with LAH5 
peptides at various ratios  Nanocomplex formation due to 
electrostatic interaction between LAH5 and RNP was tested 
by a gel retardation assay. To assess efficiency of delivery at 
the cellular level, peptide nanocomplexes were tested in two 
different reporter cell lines, HEK293T NHEJ Stoplight cells 
and HEK293T HDR Stoplight cells. HEK293T NHEJ Stoplight 
cells continuously express mCherry and, after CRISPR-Cas9 
cuts downstream of the mCherry coding sequence generates 
frameshifts due to NHEJ-mediated repair mechanisms, will show 
additional expression of eGFP. HEK293T HDR Stoplight cells 
also constitutively express mCherry signal, directly followed by 
a stop codon and an eGFP open reading frame (ORF)  Including 
a single stranded oligonucleotide (ssODN) HDR template with 
CRISPR-Cas9 induces a specific replacement of the stop codon 
with a glutamine, resulting in the expression of a mCherry-eGFP  
Furthermore, the delivery efficiency was also tested in different 
cell lines (HEK293T, HEK293-F suspension cells, HeLa, HepG2 
and primary fibroblasts) using CCR5 as a target for knock out, 
followed by TIDE analysis  

Results / Conclusions
Nanocomplexation between LAH5 peptide and CRISPR/Cas9 
components were characterized to be around 200nm in size and 
with a polydispersity index of 0,4  These nanocomplexes were 
taken up by the cells leading to efficient functional delivery with 
~ 70% knock out efficiency and ~ 20% HDR efficiency.These 
results show that peptide-based delivery might offer a cheap and 
safe alternative for direct RNP delivery in vitro or ex vivo   
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NanoB2: Monitoring ligand-receptor interactions by 
combining nanobodies and NanoBRET
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The single variable domains (VHH) from the heavy chain-only 
antibodies of camelids, often referred to as nanobodies, possess 
full antigen binding capacity and can serve as important research 
tools, diagnostics and therapeutics  Common assays to quantify 
the binding properties  required specialized equipment (e g  SPR) 
and can be challenging with membrane-bound target proteins 

Aims
In this study, we aimed to develop a new approach for 
assessing the target binding capacity of nanobodies against 
membrane-associated target proteins using Nanoluciferase-
based Bioluminescence Resonance Energy Transfer (BRET) 
technology 

Methods
In our developed NanoB2 protocol, we combined fluorescently 
labelled nanobodies (targeting the G protein-coupled receptors 
CXCR4, ACKR3 & US28) with their respective Nanoluciferase-
tagged target proteins  Here, we measure the binding parameters 
of nanobodies to their membrane-associated target proteins using 
NanoBRET in real-time  Furthermore, we determine the binding 
of unlabeled ligands using our NanoB2 protocol 
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The single variable domains (VHH) from the heavy chain-only antibodies of camelids, often 
referred to as nanobodies, possess full antigen binding capacity and can serve as important 
research tools, diagnostics and therapeutics. Common assays to quantify the binding properties  
required specialized equipment (e.g. SPR) and can be challenging with membrane-bound target 
proteins. 
 
Aims 
In this study, we aimed to develop a new approach for assessing the target binding capacity of 
nanobodies against membrane-associated target proteins using Nanoluciferase-based 
Bioluminescence Resonance Energy Transfer (BRET) technology. 
 
Methods 
In our developed NanoB2 protocol, we combined fluorescently labelled nanobodies (targeting 
the G protein-coupled receptors CXCR4, ACKR3 & US28) with their respective 
Nanoluciferase-tagged target proteins. Here, we measure the binding parameters of nanobodies 
to their membrane-associated target proteins using NanoBRET in real-time. Furthermore, we 
determine the binding of unlabeled ligands using our NanoB2 protocol. 
 

 
 

Results / Conclusions 
We show that fluorescently labelled nanobodies in close proximity to its NanoLuciferase 
(NanoLuc)-tagged target GPCR in cells and membranes induce an increase in BRET, thereby 
directly visualizing the binding to the target protein. Furthermore, we show that this technique 
allows kinetic evaluation of binding of both fluorescently labelled nanobodies and unlabeled 
ligands in a high throughput manner. Altogether, our nanobody-BRET (NanoB^2) set up 

Results / Conclusions
We show that fluorescently labelled nanobodies in close 
proximity to its NanoLuciferase (NanoLuc)-tagged target GPCR 
in cells and membranes induce an increase in BRET, thereby 
directly visualizing the binding to the target protein  Furthermore, 
we show that this technique allows kinetic evaluation of binding 
of both fluorescently labelled nanobodies and unlabeled ligands 
in a high throughput manner  Altogether, our nanobody-BRET 
(NanoB^2) set up appears a promising alternative approach to 
SPR to assess ligand-receptor interactions in membrane context 
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Exploring the challenges in the formulation of topical insulin 
– a systematic review
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The mechanisms of action, signaling pathways, and metabolic 
effects of insulin have been well studied in the liver, muscles, 
and adipocytes  In contrast, only limited knowledge is on the 
specific effects on healthy skin and injured tissues. The role of 
insulin in the regulation of proliferation, migration, secretion 
by keratinocytes, endothelial cells, and fibroblasts suggests that 
its presence is essential for wound healing  However, numerous 
researches demonstrated the beneficial effects of insulin on skin 
integrity reestablishment, currently, there is no approved insulin-
containing product intended for topical use [1]  

Aims 
Development of novel external formulations needs to rely 
on in-depth knowledge of the local mechanism of action of 
insulin, its physicochemical properties, quality requirements 
and particularities of the different formulation approaches  
The present study applied a systematic review of previous 
publications in electronic databases to provide a comprehensive 
overview of the challenges of the formulation, aiming to explore 
the opportunities and limitations of topical insulin 

Methods 
Data sources were obtained from electronic databases, regarding 
publications from 1920 to 2021  During the literature retrieving 
the searched terms were: topical insulin, diabetic ulcers, wound 
healing. All identified titles were independently screened, the 
focus of the selection criteria was the topical formulation details  
The aspects of data selection were the following: type of insulin, 
the concentration of insulin, dosage form, type of excipients  
Using a PRISMA 2020 flow diagram the most relevant data were 
extracted to synthesize the results 

Results
The opportunity of topically applied insulin has shown active 
interest over time  According to studies, regular insulin and 
isophane are suitable for local use, but currently there is no 
consensus on the appropriate concentration  Insulin can be 
incorporated into cutaneous liquid, semisolid, and solid dosage 
forms, either by itself, or by prior nano-or microencapsulation 
methods  The most important limiting factors to be evaluated 
are the stability of the peptide and the sterility of the obtained 
products 

Conclusion
Examination of the balance of opportunities and limitations of 
topical insulin formulations, it can be concluded that the range of  
applicable technological methods is wide  A high-quality, safe, 
and efficacious form of topical insulin would have great value 
from a socio-economic point of view 
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Formulation of self-emulsifying drug delivery systems 
containing curcumin for external dosage forms 
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Curcumin is a polyphenolic compound obtained from the 
Turmeric plant, which is used for its antioxidant and anti-
inflammatory effect. The external use of the products containing 
curcumin are rare, although curcumin can be a valuable active 
ingredient in the treatment of certain inflammatory diseases. [1,2]

Aims
By using self-emulsifying drug delivery system (SEDDS), we 
wanted to increase the solubility and thus the bioavailability of 
the curcumin  The aim was to develop external dosage forms, 
so the appropriate ointment and gel ingredients were selected  
In order to demonstrate that curcumin-containing formulations 
do not pose a toxic hazard to the skin and have antioxidant and 
anti-inflammatory effect, so cytotoxicity, antioxidant and anti-
inflammatory studies were performed on HaCaT keratinocytes.

Methods
The diameter of the dispersed phase of the SEDDS was 
investigated by a Cumulant Dynamic Light Scattering (DLS) 
device  The zeta potential of the formulations was examined 
by Malvern Zeta Sizer NanoS device  The release of the drug 
from the vehicle and its penetration through the membrane were 
determined using Franz diffusion cell  MTT cytotoxicity and 
antioxidant activity assays were performed on a HaCaT cell line  
The anti-inflammatory effect was screened by Tumor Necrosis 
Factor-alpha (TNF-α) and human interleukin-4 (IL-4) Enzyme-
Linked Immunosorbent Assay (ELISA) on HaCaT cells 

Results / Conclusions
According to the results our formulations were in the nano or 
in the micro region  For the gels the highest penetration was 
measured after half an hour, while for the ointment, it took one 
hour to reach the maximum concentration  Curcumin-containing 
preparations have been shown to be safe for application to 
the skin, have no cytotoxic effects, and have significant anti-
inflammatory and antioxidant effects as well.
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Formulation and evaluation of drug delivery systems for oral 
peptide administration
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Effective drug therapy requires that the desired amount of drugs 
is delivered to the right place in the human body in the simplest 
and most gentle way as possible  Using the active substances in 
modified doses and/or in new pharmaceutical forms is one of the 
most important areas of pharmaceutical technology researches  
One of the current challenges in drug development is to increase 
the oral bioavailability of therapeutic peptides [1, 2]  This 
challenge can be addressed by the development of innovative 
polymer-based unconventional micro- and nanocarrier 
systems due to their numerous proven advantages  They have 
the potential to improve the unfavourable physicochemical 
properties of active ingredients to achieve a stable and 
predictable targeted and controlled drug delivery [3, 4]  In 
our experimental work, our aim was to formulate peptide drug 
delivery systems with higher bioavailability  Sodium alginate 
beads were formulated by polymerization method to protect 
our model peptide  The instrument components used for the 
formulation were calibrated and the manufacturing parameters 
were optimised  The cytotoxicity of the drug, the carrier system 
components and different penetration enhancing excipients 
were also evaluated on human adenocarcinoma Caco-2 cells 
with the help of MTT assay  Penetration enhancing excipients, 
which did not show cytotoxicity in vitro, were incorporated 
into the drug formulations  Drug release was also determined 
by in vitro drug release assay  Transport assays were performed 
on human adenocarcinoma Caco-2 cells to study the drug 
permeation  Electron microscopy (SEM) and MicroCT images 
were also obtained for particle size determination  
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Topical formulation of lyophilized P. coronarius flower and 
leaf extracts, antimicrobial and anti-inflammatory testing of 
the plant
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The medicinal use of herbs is very popular, and there is a high 
demand for herbal preparations among patients because of their 
beneficial effects. P. coronarius is widely used in folk medicine 
for the treatment of various diseases, its antimicrobial effects are 

well known, but scientifically less investigated and no external 
preparation is available of the herb yet 

The objective of our work was to formulate o/w emulsion 
ointments using lyophilized P. coronarius flower or leaf extracts 
with the addition of different penetration enhancers, followed 
by in vitro release studies and texture analysis of the ointments  
In addition, antimicrobial and anti-inflammatory testing of the 
lyophilized extracts and biocompatibility investigation of the 
selected excipients were carried out  

According to the results the composition and the selected 
excipients of the ointments have a great impact on the drug 
release, texture and bioavailability of the preparation  During 
microbiological testing, P  coronarius leaf was effective against 
E. coli and S. aureus, but it did not significantly decrease IL-4 
production when it was tested on HaCaT cells  P  coronarius is 
a promising herb, and its topical application in antimicrobial 
therapy can be a useful addition to modern medical therapy 
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Formulation and Permeability Studies of Fenugreek 
(Trigonella foenum-graecum) Containing SEDDS
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Fenugreek is used as a spice and a traditional herbal medicine 
for a variety of purposes, given its antidiabetic and antioxidant 
effects  Self-emulsifying drug delivery systems (SEDDS) of 
herbal drugs are targets of extensive research aiming to increase 
bioavailability and stability  [1,2]

Aims
The study’s objective was to formulate SEDDS containing Trigonella 
foenum-graecum extract to improve the stability of herbal extract 
and to increase their permeability through a Caco-2 monolayer 

Methods
A characterized fenugreek dry extract was used for the 
formulations, while the SEDDS properties were examined 
by particle size analysis and zeta potential measurements  
Permeability assays were carried out on Caco-2 cell monolayers, 
the integrity of which was monitored by follow-up trans-epithelial 
electric resistance measurements (TEER)  Cytocompatibility 
was tested by the MTT method, and an indirect dissolution test 
was performed, using DPPH antioxidant reagent 

Results / Conclusions
Two different SEDDS compositions were formulated from 
a standardized fenugreek dry extract at either the micro- or 
the nanoemulsion scale with sufficient stability, enhanced 
bioavailability of the compounds, and sustained release from 
HPMC capsules  Based on our results, a modern, non-toxic, 
cytocompatible fenugreek SEDDS formulation with high 
antioxidant capacity was developed in order to improve the 
permeability and bioavailability of all components 
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ABS 88298452 
Towards an HTS library of RNA targeting small-molecules
M  Hadian, A.R. Romero, A. Dömling
Dept  of Drug Design, , University of Groningen, The Netherlands

Different classes of RNA are involved in regulating aspects of 
life  Dysregulation of RNA metabolism is linked to a plethora 
of diseases  RNA has recently emerged as a promising drug  
modality, not only as mRNA but also as a drug target  Moreover, 
two RNA modifying drugs recently received market approval 
(Branaplam, Ataluren). However, especially the field of small 
molecule (SM) RNA modifiers is in status nascendi. Furthermore, 
SMs have advantages over the oligonucleotide therapies, in 
terms of their flexibility of drug delivery, manufacture as well as 
administration and PKPD [1-2].

Aims
Here we describe the design and high-throughput synthesis 
strategy to access a library of small molecules targeting RNA 
via multicomponent reaction (MCR) for high-throughput RNA 
screening 

Methods
For the fast and efficient construction of RNA-directed small 
molecule libraries we choose two multicomponent reactions 
(MCRs). They offer several advantages: first, a large number of 
compounds can be prepared due to the combinatorial potential of 
the different starting material classes; second, we were utilizing 
previously in our group validated MCRs which allow easy 
experimental access to the target compounds in high purity and 
yields; third, many different RNA relevant building blocks are 
commercially available or easily to access synthetically  For 
selection of the scaffolds and building blocks, our group utilize 
chemoinformatics analysis  Based on its results, an RNA-directed 
library enriched with three chemo- and pharmacophores, (aromatic) 
heterocycles, hydrogen bond acceptor (HBA) and donor (HBD) 
and positively charge moieties was constructed [3-4] 
 

 

 Towards an HTS library of RNA targeting small-molecules 
M. Hadian, A.R. Romero, A. Dömling 
Dept. of Drug Design, , University of Groningen, The Netherlands 
 
Different classes of RNA are involved in regulating aspects of life. Dysregulation of RNA 
metabolism is linked to a plethora of diseases. RNA has recently emerged as a promising drug  
modality, not only as mRNA but also as a drug target. Moreover, two RNA modifying drugs 
recently received market approval (Branaplam, Ataluren). However, especially the field of 
small molecule (SM) RNA modifiers is in status nascendi. Furthermore, SMs have advantages 
over the oligonucleotide therapies, in terms of their flexibility of drug delivery, manufacture as 
well as administration and PKPD [1-2]. 
 
Aims 
Here we describe the design and high-throughput synthesis strategy to access a library of small 
molecules targeting RNA via multicomponent reaction (MCR) for high-throughput RNA 
screening. 
 
Methods 
For the fast and efficient construction of RNA-directed small molecule libraries we choose two 
multicomponent reactions (MCRs). They offer several advantages: first, a large number of 
compounds can be prepared due to the combinatorial potential of the different starting material 
classes; second, we were utilizing previously in our group validated MCRs which allow easy 
experimental access to the target compounds in high purity and yields; third, many different 
RNA relevant building blocks are commercially available or easily to access synthetically. For 
selection of the scaffolds and building blocks, our group utilize chemoinformatics analysis. 
Based on its results, an RNA-directed library enriched with three chemo- and pharmacophores, 
(aromatic) heterocycles, hydrogen bond acceptor (HBA) and donor (HBD) and positively 
charge moieties was constructed [3-4]. 

 
Results / Conclusions 
In summary, we described a design and synthesis for the constructive of HTS RNA-directed 
libraries of small molecules that we believe will advance the field of targeting RNA and will 
provide foundational knowledge to better exploit RNA as targets for drug discovery. 
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Results / Conclusions
In summary, we described a design and synthesis for the 
constructive of HTS RNA-directed libraries of small molecules 
that we believe will advance the field of targeting RNA and will 
provide foundational knowledge to better exploit RNA as targets 
for drug discovery 
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ABS 88046121
Development and Evaluation of Ganciclovir Loaded Niosome 
for the Treatment of Cytomegalovirus Retinitis
 
1Yetgin, C , 2Coban, O , 1Tuğcu-Demiröz, F., 2Sağır, B., 1Takka, S 
1 Gazi University, Department of Pharmaceutical Technology, 
Ankara, Turkey, 2 Karadeniz Technical University, Faculty of 
Pharmacy, Trabzon, Turkey

The treatment of the cytomegalovirus retinitis is intravenous (IV) 
infusion additionally intravitreal injection of ganciclovir (GV) 2 
times a week [1]   Due to the narrow intravitreal injection dose 
intervals, infection, bleeding, ruptures in the intraocular tissues, 
and increased intraocular pressure may occur as a result of 
repeated doses 

Aim
The aim of this study is to develop a niosomal drug delivery 
system that provides controlled release after administration by 
intravitreal injection 

Materials and Methods
19 formulations were prepared to examine organic or aqueous 
phase content; cholesterol and surfactant ratio; nonionic 
surfactant type (tween80, span60, span80) effect  Niosomes 
containing GCV was prepared by ethanol injection method 
[2]. The entrapment efficiency was calculated according to the 
indirect method  GCV concentration was analyzed by HPLC 
at 254 nm  The particle size (PS), zeta potential (ZP), and 
polydispersity index (PdI) of the niosomes were investigated  
Niosomes were visualized by transmission electron microscope 
(TEM)  In vitro release of GCV from niosomes was conducted by 
franz diffusion method  

Results
PS of niosomes was between 132 77 - 1522 33 nm; ZP was 
between -10 295 and -57 167 mV  Low PS (233 733±0 404 nm) 
and PdI (0 304±0 001) value; highest ZP (-57,167±0 05) and 
highest encapsulation efficiency (%67.533) were obtained with 
N14 formulation  Besides N14 formulation released 92 5% of the 
drug in 24 hours and provided controlled release 

Conclusions
Nanocarriers must have optimum particle size and zeta potential 
to move through the vitreous and reach the retina  Accordingly, 
N14 was chosen as the optimum formulation  Also, the result of 
the release study is promising for prolonging the dose intervals 
of intravitreal injection 
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ABS 88046946
Assessment of in vitro digestion for exemestane-loaded lipid-
based formulations
 
B  Timur1,2, D  Yilmaz Usta1, Z S  Teksin1

1Dept. of Pharmaceutical Technology, Gazi University, Ankara, 
Turkey; 2Dept. of Pharmaceutical Technology, Zonguldak Bülent 
Ecevit University, Zonguldak, Turkey

Lipid-based formulations (LBFs) are an effective approach 
to increase the bioavailability of poorly water-soluble drugs 
(PWSDs)  The solvation capacity of LBFs and solubilization/
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precipitation of PWSD can be affected by digestion and colloidal 
structures in GIT  Therefore, investigation of digestion of LBFs 
is crucial for the prediction of performance of drug delivery 
system 1 In vitro digestion studies are mainly conducted to 
assessment of LBFs by simulating the GIT in terms of lipase 
enzymes, bile salts and phospholipids 

Aims
It was aimed to examine the digestion of LBFs developed and 
the effect of digestion on absorption, and select appropriate 
excipients for LBF with in vitro digestion study  Exemestane, 
which has poor water solubility (80 µg/mL), was selected as a 
model drug 

Methods
In vitro digestion study was carried out using pH-stat auto 
titrator for LBFs containing surfactants with different digestion 
profile (54% digestibility for Tween 80 (T80), 7.5% digestibility 
for Kolliphor RH40 (K40)) at 37°C in digestion medium 
containing pH 6 5, 3 mM sodium taurodeoxycholate, 0 75 mM 
phosphatidylcholine according to previous study 2

Results / Conclusions
The compositions of LBFs, sodium hydroxide (NaOH) 
consumption, exemestane amount in aqueous phase (EXM% in 
AP) in digestion study were shown as follows:

 

88046946_7603839 
Assessment of in vitro digestion for exemestane-loaded lipid-based formulations 
B. Timur1,2, D. Yilmaz Usta1, Z.S. Teksin1 
1Dept. of Pharmaceutical Technology, Gazi University, Ankara, Turkey; 2Dept. of 
Pharmaceutical Technology, Zonguldak Bülent Ecevit University, Zonguldak, Turkey 
 
Lipid-based formulations (LBFs) are an effective approach to increase the bioavailability of 
poorly water-soluble drugs (PWSDs). The solvation capacity of LBFs and 
solubilization/precipitation of PWSD can be affected by digestion and colloidal structures in 
GIT. Therefore, investigation of digestion of LBFs is crucial for the prediction of performance 
of drug delivery system.1 In vitro digestion studies are mainly conducted to assessment of LBFs 
by simulating the GIT in terms of lipase enzymes, bile salts and phospholipids. 
 
Aims 
It was aimed to examine the digestion of LBFs developed and the effect of digestion on 
absorption, and select appropriate excipients for LBF with in vitro digestion study. Exemestane, 
which has poor water solubility (80 µg/mL), was selected as a model drug. 
 
Methods 
In vitro digestion study was carried out using pH-stat auto titrator for LBFs containing 
surfactants with different digestion profile (54% digestibility for Tween 80 (T80), 7.5% 
digestibility for Kolliphor RH40 (K40)) at 37°C in digestion medium containing pH 6.5, 3 mM 
sodium taurodeoxycholate, 0.75 mM phosphatidylcholine according to previous study.2 

 
Results / Conclusions 
The compositions of LBFs, sodium hydroxide (NaOH) consumption, exemestane amount in 
aqueous phase (EXM% in AP) in digestion study were shown as follows: 
 

 
It was observed that EXM% in AP; 

• decreased when surfactant with high digestibility was used in LBFs (F1 and F3, p<0.05), 
• decreased when oil% in the formulation increased (F2 and F4, p<0.05), 
• was not affected by the cosolvent change (F1 and F2, p>0.05). 

F1 and F2, which have the least % digestibility in terms of NaOH consumption, provided high 
EXM% in AP. It is thought that higher absorption would be achieved with F1 and F2. Further, 
the ex-vivo permeability studies will be conducted using these formulations. 
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It was observed that EXM% in AP;
• decreased when surfactant with high digestibility was used in 

LBFs (F1 and F3, p<0 05),
• decreased when oil% in the formulation increased (F2 and F4, 

p<0 05),
• was not affected by the cosolvent change (F1 and F2, p>0 05) 
F1 and F2, which have the least % digestibility in terms of NaOH 
consumption, provided high EXM% in AP  It is thought that 
higher absorption would be achieved with F1 and F2  Further, 
the ex-vivo permeability studies will be conducted using these 
formulations 
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ABS 88050799
Preparation and in vitro release studies of mesalazine loaded 
silk fibroin-based nanoparticles 

A Yildiz, N B  Mutlu Agardan, F  Acarturk
Gazi University, Department of Pharmaceutical Technology, 
Ankara, Turkey

Introduction
Silk fibroin(SF) is a natural, protein-based biopolymer.It 
has features such as, biocompatibility, biodegradability  SF 
nanoparticles attract attention due to controlled drug release 
properties and easy preparation1  Mesalazine, (MSZ), an amino 
salicylate drug, is widely used for the treatment inflammatory 
bowel disease  The aim of this study is to prepare MSZ loaded 
SF nanoparticles to investigate SF suitability for colon specific 
drug delivery 

Methods
SF solution was prepared previosuly decribed2  SF particles were 
produced by nanoprecipitation method  For this purpose the SF 
solution was added dropwisely to acetone/dimethylsulfoxide 
mixture containing MSZ  Nanoparticles were collected  after 
centrifugation   Particle size, polydispersity index (PDI) and zeta 
potential values of particles were measured and encapsulation 
efficiencies were calculated by indirect method.  Drug release 
studies were performed at pH 1 2, 6 8, and 7 4 separately for 8 h 
and by changing the medium at specific time points for 24 h using 
dialysis membrane method 

Results/Conclusions 
Characterization studies for particle formulations are given in 
Table 1. Particle size and PDI of silk fibroin particles were found 
to be high  This may be due to the aggregation tendency of silk 
nanoparticles  According to the release studies it was shown that 
100% of mesalazine was released at the end of the 4 h  Mesalazine 
was released more slowly than that of other media at pH 7 4 (Fig  
1), associated to its pH dependent solubility  The results showed 
that SF should be combined with different polymers for obtaining 
appropriate release profile for colon specific drug delivery.

 

88050799_7604834 
Preparation and in vitro release studies of mesalazine loaded silk fibroin-based nanoparticles  
A.Yildiz, N.B. Mutlu Agardan, F. Acarturk 
Gazi University, Department of Pharmaceutical Technology, Ankara, Turkey 
Introduction 
Silk fibroin(SF) is a natural, protein-based biopolymer.It has features such as, biocompatibility, 
biodegradability. SF nanoparticles attract attention due to controlled drug release properties and easy 
preparation1. Mesalazine, (MSZ), an amino salicylate drug, is widely used for the treatment inflammatory 
bowel disease. The aim of this study is to prepare MSZ loaded SF nanoparticles to investigate SF suitability 
for colon specific drug delivery. 
Methods 
SF solution was prepared previosuly decribed2. SF particles were produced by nanoprecipitation method. For 
this purpose the SF solution was added dropwisely to acetone/dimethylsulfoxide mixture containing MSZ. 
Nanoparticles were collected  after centrifugation.  Particle size, polydispersity index (PDI) and zeta potential 
values of particles were measured and encapsulation efficiencies were calculated by indirect method.  Drug 
release studies were performed at pH 1.2, 6.8, and 7.4 separately for 8 h and by changing the medium at 
specific time points for 24 h using dialysis membrane method. 
Results/Conclusions  
Characterization studies for particle formulations are given in Table 1. Particle size and PDI of silk fibroin 
particles were found to be high. This may be due to the aggregation tendency of silk nanoparticles. According 
to the release studies it was shown that 100% of mesalazine was released at the end of the 4 h. Mesalazine 
was released more slowly than that of other media at pH 7.4 (Fig. 1), associated to its pH dependent solubility. 
The results showed that SF should be combined with different polymers for obtaining appropriate release 
profile for colon specific drug delivery. 
Table 1. Results of characterization studies of SF particles 
 

 

 
 
Fig. 1.  Results of in vitro release studies. A: Release performed by changing media B: Release performed 
separately at pH 1.2, 6.8, 7.4 
 
This study was supported by Gazi University, Projects of Scientific Investigation under the project number: 
02/2020-20. Ayşegül Yıldız was supported by a scholarship from TUBITAK 2211-C. 
References: 

Formulation 
Code 

Polymer Polymer:Drug 
Ratio 

Particle 
Size 

Polidispersity 
Index 

Zeta 
Potential 

Encapsulation 
Efficiency (%) 

S1 Silk fibroin 1:1 1771±443 
 

0,71±0,32 -11,5±3,2 12,20 

S2 Silk fibroin 1:1 1443±440 
 

0,84±0,13 -10,9±0,6 21,54 

S3 Silk fibroin 1:1 1277±144 0,96±0,04 -12±2,41 19,49 
 

 
Table 1. Results of characterization studies of SF particles
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Silk fibroin(SF) is a natural, protein-based biopolymer.It has features such as, biocompatibility, 
biodegradability. SF nanoparticles attract attention due to controlled drug release properties and easy 
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release studies were performed at pH 1.2, 6.8, and 7.4 separately for 8 h and by changing the medium at 
specific time points for 24 h using dialysis membrane method. 
Results/Conclusions  
Characterization studies for particle formulations are given in Table 1. Particle size and PDI of silk fibroin 
particles were found to be high. This may be due to the aggregation tendency of silk nanoparticles. According 
to the release studies it was shown that 100% of mesalazine was released at the end of the 4 h. Mesalazine 
was released more slowly than that of other media at pH 7.4 (Fig. 1), associated to its pH dependent solubility. 
The results showed that SF should be combined with different polymers for obtaining appropriate release 
profile for colon specific drug delivery. 
Table 1. Results of characterization studies of SF particles 
 

 

 
 
Fig. 1.  Results of in vitro release studies. A: Release performed by changing media B: Release performed 
separately at pH 1.2, 6.8, 7.4 
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Code 

Polymer Polymer:Drug 
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Zeta 
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Encapsulation 
Efficiency (%) 

S1 Silk fibroin 1:1 1771±443 
 

0,71±0,32 -11,5±3,2 12,20 

S2 Silk fibroin 1:1 1443±440 
 

0,84±0,13 -10,9±0,6 21,54 
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Fig. 1.  Results of in vitro release studies. A: Release performed 
by changing media B: Release performed separately at pH 1.2, 
6.8, 7.4

This study was supported by Gazi University, Projects of 
Scientific Investigation under the project number: 02/2020-20. 
Ayşegül Yıldız was supported by a scholarship from TUBITAK 
2211-C 
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ABS 88055335
Screening oil components for interleukin-2 loaded 
nanoemulsions with molecular dynamic studies 
 
S  Olgac1, A  Olgac2, Z S  Teksin1

1Dept. of Pharmaceutical Technology, 2Dept. of Pharmaceutical 
Chemistry, Gazi University, Ankara, Turkey

Interleukin-2 (IL-2) is one of the important cytokines used in 
the treatment of metastatic renal cell carcinoma and melanoma  
Aldesleukin is a therapeutic version of IL-2 produced by 
recombinant DNA technology. IL-2 interacts with IL-2Rα, IL-2Rβ 
and ƴc receptors. IL-2 binds to β, γ receptors to fight cancer or α, 
β, γ receptors for autoimmune diseases1. The studies focused on 
developing novel small molecules/antibodies that block interaction 
with IL-2Rα or using different formulation components to slow 
down the interaction with the same receptor  With molecular 
dynamics (MD), it is possible to simulate the physical motions 
of atoms and molecules of large systems containing thousands 
of atoms  MD studies are frequently used to predict molecular 
behaviours, particularly in biotechnological drug formulations 

Aims
The study is designed to determine suitable excipients by 
evaluating time-dependent interactions with IL-2 and excipients 
that can exist in lipid-based formulations with MD 

Methods
Maisine®CC, PeceolTM, Capryol® 90, LauroglycolTM 90, 
Labrasol® ALF, and Transcutol® HP were used as excipients 
to investigate interactions with IL-2 (PDB code: 1M472)  The 
components were drawn in Maestro3 and prepared using the 
LigPrep3 routine  Protein Preparation Wizard3 was used to 
parameterize the atom types, to add predicted positions of the 
missing side chains, and to relax the protein  MD simulations 
were conducted using Desmond3  

Results / Conclusions
According to the MD simulation analysis, no incompatibility was 
seen with these excipients  Polar side chains were masked by 
fatty acids  In further studies, the nanoemulsion formulations will 
be prepared and characterized using the excipients determined to 
be suitable 

Seval OLGAC was supported by scholarships from The CoHE 
100/2000 Ph.D. Scholarship Program and TÜBİTAK 2211-C 
National Ph D  Scholarship Program 
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ABS 88079378
Evaluation of pharmacokinetic and pharmacodynamic real-
time biodistribution of bosentan formulations 

D  Yilmaz Usta1, Z S  Teksin1

1Dept. of Pharmaceutical Technology, Gazi University, 06330, 
Ankara, Turkey

Introduction
Bosentan monohydrate (BOS) is the first non-peptide 
oral endothelin receptor antagonist for pulmonary arterial 
hypertension, a rare disease 1 It shows low absorption, high 
inter-individual variability, and poor bioavailability (BA) due to 
its low and pH-dependent solubility  

Objectives
The self-nanoemulsifying drug delivery system (SNEDDS) and 
solid self-nanoemulsifying drug delivery system (S-SNEDDS) 
tablet were developed, and in vitro-in vivo evaluations were 
carried out in our previous study 2,3 This study aimed to evaluate 
BA and biodistribution studies of these formulations 

Methods 
Pharmacokinetic and Pharmacodynamic In-vivo Imaging Studies
Pharmacokinetic studies were conducted in fasted and fed 
state conditions in rats  The formulations and reference were 
administered to Wistar rats (n=6) at a dose of 50 mg/kg by oral 
gavage  Pharmacodynamic studies were conducted with male 
Balb/c mice  The biological distribution and absorption of the 
formulations after oral administration were monitored by using 
Vivotag® 680XL and XenoLightTM DIR with In Vivo Imaging 
System®   The distribution of XenoLightTM DIR and VivoTag® 
680XL was examined at 710/780 nm Excitation/Emission (Ex/
Em) and 640/700 nm Ex/Em  The light absorbed by formulations 
was observed at the same time points as with the control group 
and fluorescent dye concentration in tissues was recorded as the 
region of interest (ROI) (photons/s/cm2/sr)  At the end of the 
real-time fluorescent imaging studies, the mice were sacrificed 
and organs were imaged ex-vivo  

Results and Conclusion 
The formulations enhanced the BA in the fed state significantly. 
The formulations increased fluorescent emission and showed 
fluorescent emission in the stomach and more intensely in the 
intestines of mice  The fact that it did not show emission in 
the liver was interpreted as not having the first-pass effect and 
supported the increase in oral BA in our in vivo pharmacokinetic 
results  The results indicated that formulations are promising 
drug delivery systems to enhance the bioavailability of BOS for 
oral administration in pulmonary arterial hypertension which is 
a rare disease  

This study was supported by a grant from The Scientific and 
Technological Research Council of Turkey, Project No: 217S602  
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Screening oil components for interleukin-2 loaded nanoemulsions with molecular 
dynamic studies  
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Ankara, Turkey 

Interleukin-2 (IL-2) is one of the important cytokines used in the treatment of metastatic renal 
cell carcinoma and melanoma. Aldesleukin is a therapeutic version of IL-2 produced by 
recombinant DNA technology. IL-2 interacts with IL-2Rα, IL-2Rβ and ƴc receptors. IL-2 binds 
to β, γ receptors to fight cancer or α, β, γ receptors for autoimmune diseases1. The studies 
focused on developing novel small molecules/antibodies that block interaction with IL-2Rα or 
using different formulation components to slow down the interaction with the same receptor. 
With molecular dynamics (MD), it is possible to simulate the physical motions of atoms and 
molecules of large systems containing thousands of atoms. MD studies are frequently used to 
predict molecular behaviours, particularly in biotechnological drug formulations. 

 

 
 
Aims 
The study is designed to determine suitable excipients by evaluating time-dependent 
interactions with IL-2 and excipients that can exist in lipid-based formulations with MD. 
 
Methods 
Maisine®CC, PeceolTM, Capryol® 90, LauroglycolTM 90, Labrasol® ALF, and Transcutol® HP 
were used as excipients to investigate interactions with IL-2 (PDB code: 1M472). The 
components were drawn in Maestro3 and prepared using the LigPrep3 routine. Protein 
Preparation Wizard3 was used to parameterize the atom types, to add predicted positions of the 
missing side chains, and to relax the protein. MD simulations were conducted using Desmond3.  
 
Results / Conclusions 
According to the MD simulation analysis, no incompatibility was seen with these excipients. 
Polar side chains were masked by fatty acids. In further studies, the nanoemulsion formulations 
will be prepared and characterized using the excipients determined to be suitable. 
 
Seval OLGAC was supported by scholarships from The CoHE 100/2000 Ph.D. Scholarship Program and 
TÜBİTAK 2211-C National Ph.D. Scholarship Program. 
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Isolation of virus-like particles and extracellular vesicles 
from cell culture 
 
R  Mellid-Carballal1,2, R  Martinez-Campelo1,2, C  Rivas1,3,4, M  
Garcia-Fuentes1,3,4

1Center for Research in Molecular Medicine and Chronic 
Diseases, Universidad de Santiago de Compostela, Spain; 
2Department of Pharmacology, Pharmacy and Pharmaceutical 
Technology, University of Santiago de Compostela, Spain; 
3National Centre for Biotechnology (CNB, CSIC), Madrid, 
Spain; 4 Institute of Health Research of Santiago, Santiago de 
Compostela, Spain

VP40 matrix protein plays crucial roles in assembly and budding 
of Ebola virus from infected cells  In fact, the sole expression of 
VP40 protein in cells induces the formation virus-like particles 
(VLPs) [1]  Moreover, VP40 matrix protein is known to be 
secreted inside exosomes from infected cells [2] 

Aims
Due to the appealing properties of VLPs and extracellular 
vesicles (EVs) [3], their production and isolation are key points 
on their development for drug delivery goals  However, their 
biological origin hinders the generation of high yield and purity 
products  Indeed, it has been reported that cross-contaminations 
between both particles can occur when applying VLPs producing 
methods  Our main goal is to develop a method that optimizes the 
isolation of both systems 

Methods
Ebola VLPs were produced by transfecting HEK293T cells with 
a plasmid encoding VP40 protein  Cell culture supernatant was 
collected 48 hours after transfection and subjected to different 
methods for VLPs and EVs isolation, as ultracentrifugation 
and size exclusion chromatography  The isolated products were 
characterized by Western blot, Dynamic Light Scattering and 
Transmission Electron Microscopy 

Results / Conclusions
Ultracentrifugation was optimized for the isolation of high purity 
VLPs, while EVs were more effectively concentrated by size 
exclusion chromatography  

Although the studied methods were not able to fully separate 
VLPs and exosomes, it was possible to enrich the sample in the 
desired kind of particle  Therefore, when studying them for a 
specific application, the observed effects could be attributed to a 
specific kind of particle. 

References
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ABS 88097850
Influence of formulation composition on characteristic 
properties of 5-fluorouracil-loaded liposomes

Yalcin TE , Yetgin C 
Gazi University, Faculty of Pharmacy, Department of 
Pharmaceutical Technology, Ankara, Turkey

5-Fluorouracil (5-FU) is an antineoplastic agent used to treat 
multiple solid tumors including colon, rectal, breast, gastric, 
pancreatic, ovarian, bladder and liver cancer [1]  It is a BCS 

class III drug  In the present study, 5-FU containing liposomes 
with different phospholipid and cholesterol compositions were 
formulated and compared 

Aims
The aim of this study was to prepare the liposome with soybean 
phosphatidylcholine, dioleoylphosphatidylethanolamine 
(DOPE), cholesterol (CHOL), and cholesteyl hemisuccinat 
(CHEMS) and evaluate physicochemical characteristics 

Materials and Methods
Liposomes were prepared by the passive loading with small 
volume incubation method (SVI) [2]  The particle size, 
polydispersity index, and zeta poatential of formulations 
were determined a Zetasizer Nano-ZS (Malvern, UK) at room 
temperature. The encapsulation efficiency (EE) of formulation 
was calculated  The in vitro release studies were carried out using 
Franz diffusion cell at 37°C. 5-FU concentration was analyzed 
by HPLC 

Results
The results revealed that the size of liposomes ranged from 134 
to 196 nm with a negative surface charge  The particles size 
of liposomes decreases with increasing CHEMS content  The 
liposomes containing high amount of CHEMS showed higher 
EE and lower cumulative release  All formulations exhibited low 
PDI (<0 3) 

Conclusions
5-FU-loaded liposomes were successfully developed by SVI 
method  In vitro experiments demonstrated that the amount of 
DOPE and CHEMS in formulations can alter the characteristic 
properties of liposomes such as particle size and in vitro release 

Acknowledgement
This study was supported by the Gazi University, Projects 
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ABS 88099498
Micro/nano system for the release of drugs through 
pulmonary route

Lorena Valverde-Fraga1,2, Razan Haddad2, Noemi Csaba1,2, 
Carmen Remuñán1

1Department of Pharmacology,Pharmacy and Pharmaceutical 
Technology,School of Pharmacy,University of Santiago de 
Compostela Spain 2Center for Research in Molecular Medicine 
and Chronic Diseases (CIMUS),University of Santiago de 
Compostela,Spain 

Tuberculosis is one of the top 10 worldwide causes of death from 
a single infectious agent  Although the oral route is commonly 
effective and recommended, it is often associated with side effects 
and drug resistance  Targeting the treatment directly to the lungs 
offers the therapeutic benefit of faster onset of action, greater 
efficacy and reduced side effects. In this context, microparticles 
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larger than 5 μm and low density show interest for the pulmonary 
delivery of drugs  Preliminary studies show that sporopollenin 
microcapsules (purified pollen grains) meet this characteristics, 
being an interesting alternative 

Aims
Rifabutin was formulated into a pulmonary delivery system, 
using different chitosan-based compositions for their future 
microencapsulation into sporopollenin microcapsules for lung 
delivery  

Methods
The nanocapsules (NCS) were prepared by solvent displacement  
The core consisted of a combination of oils and surfactans to allow 
optimal association of the drug  NCS were characterized (size, 
polydispersity index, surface charge, morphology, biological 
stability and drug release)  Then sporopollenin microcapsules 
were loaded with the nanocarriers using techniques previously 
developed by our group 

Results/Conclusions
The size of the NCS was found in the range of 150-200nm 
with PDI less than 0 2 and the zeta potential was positive in all 
cases. Moreover, the encapsulation efficiency of the optimized 
formulation was above 50% and the carriers provided a 
continuous release of the drug for at least 24h  TEM analysis 
showed a spherical shape and our studies showed that the 
nanocapsules were stable with time  In vitro studies indicated 
that were well tolerated by lung cells  Results emphasized that, 
the prepared delivery system could be interesting candidate for 
drug delivery trough the pulmonary route  Microencapsulation 
within sporopollenin microcapsules is currently in progress 

 

88099498_7617479 
Micro/nano system for the release of drugs through pulmonary route 
 
Lorena Valverde-Fraga1,2, Razan Haddad2, Noemi Csaba1,2, Carmen Remuñán1 
1Department of Pharmacology,Pharmacy and Pharmaceutical Technology,School of 
Pharmacy,University of Santiago de Compostela Spain 2Center for Research in Molecular 
Medicine and Chronic Diseases (CIMUS),University of Santiago de Compostela,Spain  

Tuberculosis is one of the top 10 worldwide causes of death from a single infectious agent. 
Although the oral route is commonly effective and recommended, it is often associated with 
side effects and drug resistance. Targeting the treatment directly to the lungs offers the 
therapeutic benefit of faster onset of action, greater efficacy and reduced side effects. In this 
context, microparticles larger than 5 μm and low density show interest for the pulmonary 
delivery of drugs. Preliminary studies show that sporopollenin microcapsules (purified pollen 
grains) meet this characteristics, being an interesting alternative. 

Aims 
Rifabutin was formulated into a pulmonary delivery system, using different chitosan-based 
compositions for their future microencapsulation into sporopollenin microcapsules for lung 
delivery.  
 
Methods 
The nanocapsules (NCS) were prepared by solvent displacement. The core consisted of a 
combination of oils and surfactans to allow optimal association of the drug. NCS were 
characterized (size, polydispersity index, surface charge, morphology, biological stability and 
drug release). Then sporopollenin microcapsules were loaded with the nanocarriers using 
techniques previously developed by our group. 
 
Results/Conclusions 
The size of the NCS was found in the range of 150-200nm with PDI less than 0.2 and the zeta 
potential was positive in all cases. Moreover, the encapsulation efficiency of the optimized 
formulation was above 50% and the carriers provided a continuous release of the drug for at 
least 24h. TEM analysis showed a spherical shape and our studies showed that the nanocapsules 
were stable with time. In vitro studies indicated that were well tolerated by lung cells. Results 
emphasized that, the prepared delivery system could be interesting candidate for drug delivery 
trough the pulmonary route. Microencapsulation within sporopollenin microcapsules is 
currently in progress. 
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Micro/nano system for the release of drugs through pulmonary route 
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1Department of Pharmacology,Pharmacy and Pharmaceutical Technology,School of 
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Tuberculosis is one of the top 10 worldwide causes of death from a single infectious agent. 
Although the oral route is commonly effective and recommended, it is often associated with 
side effects and drug resistance. Targeting the treatment directly to the lungs offers the 
therapeutic benefit of faster onset of action, greater efficacy and reduced side effects. In this 
context, microparticles larger than 5 μm and low density show interest for the pulmonary 
delivery of drugs. Preliminary studies show that sporopollenin microcapsules (purified pollen 
grains) meet this characteristics, being an interesting alternative. 

Aims 
Rifabutin was formulated into a pulmonary delivery system, using different chitosan-based 
compositions for their future microencapsulation into sporopollenin microcapsules for lung 
delivery.  
 
Methods 
The nanocapsules (NCS) were prepared by solvent displacement. The core consisted of a 
combination of oils and surfactans to allow optimal association of the drug. NCS were 
characterized (size, polydispersity index, surface charge, morphology, biological stability and 
drug release). Then sporopollenin microcapsules were loaded with the nanocarriers using 
techniques previously developed by our group. 
 
Results/Conclusions 
The size of the NCS was found in the range of 150-200nm with PDI less than 0.2 and the zeta 
potential was positive in all cases. Moreover, the encapsulation efficiency of the optimized 
formulation was above 50% and the carriers provided a continuous release of the drug for at 
least 24h. TEM analysis showed a spherical shape and our studies showed that the nanocapsules 
were stable with time. In vitro studies indicated that were well tolerated by lung cells. Results 
emphasized that, the prepared delivery system could be interesting candidate for drug delivery 
trough the pulmonary route. Microencapsulation within sporopollenin microcapsules is 
currently in progress. 
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ABS 88101931
A microneedle-like platform for mucosal delivery of 
biopharmaceuticals

Sandra Robla1, José Manuel Ageitos1, Rubén Varela-Calviño2, 
Ignacio Alcalde3, Jesús Merayo-Lloves3, Noemi Csaba1

1Center for Research in Molecular Medicine and Chronic Diseases 
(CiMUS), Dept of Pharmacology, Pharmacy and Pharmaceutical 
Technology, University of Santiago de Compostela, Spain; 2Dept. 
of Biochemistry and Molecular Biology, University of Santiago 
de Compostela, Spain; 3Fernández-Vega University Institute, 
Ophthalmological Research Foundation, University of Oviedo, 
Spain.

Topical administration constitutes a challenge in the ocular 
delivery of biopharmaceutics  Despite its easy accessibility, the 
eye is protected by extraordinary anatomical and physiological 
barriers, causing the premature removal of nanocarriers, their 
enzymatic degradation, and their elimination by immune cells  

Aims
We have developed an ocular microneedle-like drug delivery 
platform based on natural pollen grains to enhance the 
mucointeraction and the residence time of an antihistamine drug, 
for the topical treatment of allergic rhinoconjunctivitis 

Methods
Helianthus annuus and Matricaria chamomilla pollen grains 
purification was performed, and the processed hollow pollen 
microcapsules (HPMs) were associated with previously 
characterized bilastine-loaded protamine nanocapsules (NCs)  
HPMs toxicity was evaluated in vitro and immune response 
was analysed in dendritic cells and lymphocytes  The analysis 
of epithelial damage was carried out in an artificial 3D cornea 
model of the human sclerocorneal limbus epithelium (HCLEC)  
Biocompatibility and physical irritation effects were evaluated 
upon ocular administration in rats 

Results/Conclusions
Purified HPMs kept the same external 3D structure as intact pollen 
grain but were free of its internal compounds  Biodegradable 
bilastine protamine NCs were developed and loaded into the 
HPMs platforms  HPMs did not cause any greater immune cell 
activation in vivo and could be detected in the cornea after ocular 
administration, as a prove of its mucoadhesiveness  Preservation 
of epithelial integrity and high tolerability were observed both in 
vitro in HCLEC and after in vivo topical administration  Their 
biocompatibility, allergen-free composition, and mucoadhesive 
properties make these pollen microcapsules an interesting 
strategy to overcome the biological and mechanical barriers of 
ocular drug delivery 

References
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2  Ageitos JM et al , 2021 
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ABS 88102023
Antifungal Activity of Voriconazole Loaded Organogel 
Formulations Against Candida Albicans 

G. Keskin1, G  Akca2, S  Saar1, F. Tuğcu Demiröz1

1Gazi University, Faculty of Pharmacy, Department of 
Pharmaceutical Technology, Ankara, Turkey; 2Gazi University, 
Faculty of Dentistry, Department of Medical Microbiology, 
Ankara, Turkey

Introduction
Vulvovaginal candidiasis (VVC) is one of the most common 
infections in approximately 75% of women of reproductive age 
and VVC is mostly caused by infection by Candida albicans 1 
Voriconazole (VRC), a second generation triazole antifungal 
agent, is a fluconazole derivative with antifungal activity and is 
approved by the FDA for use in the treatment of fungal infections 2 
The aim of this study was to investigate the antifungal activity of 
VRC-containing organogels against Candida albicans  

Methods
The antifungal activities of previously developed and 
pharmaceutically characterized organogels were investigated  
Antifungal activities of blank and VRC-loaded formulations were 
evaluated by disc diffusion and agar well diffusion methods  In 
addition, the antifungal activities of VRC and essential oils were 
evaluated separately  The diameter of the inhibition zone formed 
by both methods was measured  GraphPad Prism 8 (GraphPad 
Software, San Diego, CA) software was used for all statistical 
analyses 

Results / Conclusions 
It was found that the oleic acid, F1 and F4 formulation did not 
show any antifungal activity (Table 1)  The inhibition diameter 
of F5 was found to be significantly higher than F2 (p<0,05). 
There was no significant difference between the inhibition zone 
diameters of the F3 and F6 in agar diffusion method (p>0,05) 
but F6 was found to be significantly higher than F3 in disc 
diffusion method (p<0,05)  These results shows that formulations 
developed with lavender oil and clove oil increase the antifungal 
activity  The highest antifungal activity was obtained in the F6 
formulation containing both VRC and clove oil 

 

88102023_7618312 
Antifungal Activity of Voriconazole Loaded Organogel Formulations Against Candida 
Albicans  
G. Keskin1, G. Akca2, S. Saar1, F. Tuğcu Demiröz1 
1Gazi University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Ankara, 
Turkey; 2 Gazi University, Faculty of Dentistry, Department of Medical Microbiology, 
Ankara, Turkey 
Introduction 
Vulvovaginal candidiasis (VVC) is one of the most common infections in approximately 75% 
of women of reproductive age and VVC is mostly caused by infection by Candida albicans.1 
Voriconazole (VRC), a second generation triazole antifungal agent, is a fluconazole derivative 
with antifungal activity and is approved by the FDA for use in the treatment of fungal 
infections.2 The aim of this study was to investigate the antifungal activity of VRC-containing 
organogels against Candida albicans.  
Methods 
The antifungal activities of previously developed and pharmaceutically characterized 
organogels were investigated. Antifungal activities of blank and VRC-loaded formulations 
were evaluated by disc diffusion and agar well diffusion methods. In addition, the antifungal 
activities of VRC and essential oils were evaluated separately. The diameter of the inhibition 
zone formed by both methods was measured. GraphPad Prism 8 (GraphPad Software, San 
Diego, CA) software was used for all statistical analyses. 
Results / Conclusions  
It was found that the oleic acid, F1 and F4 formulation did not show any antifungal activity 
(Table 1). The inhibition diameter of F5 was found to be significantly higher than F2 (p<0,05). 
There was no significant difference between the inhibition zone diameters of the F3 and F6 in 
agar diffusion method (p>0,05) but F6 was found to be significantly higher than F3 in disc 
diffusion method (p<0,05). These results shows that formulations developed with lavender oil 
and clove oil increase the antifungal activity. The highest antifungal activity was obtained in 
the F6 formulation containing both VRC and clove oil. 
Table 1. Formulation codes/components and result of antifungal activity inhibition zone 
diameter 
 

 
 
References: 

1. Johal, H. S., Garg, T., Rath, G., and Goyal, A. K. (2016). Advanced topical drug 
delivery system for the management of vaginal candidiasis. Drug 
delivery, 23(2), 550-563. 

 
Components/ 

Codes 

 
VRC 
(mg) 

 
Oil Phase 

Diameter of Inhibition Zone 
Agar well diffusion 

method (mm) 
Disc diffusion method 

(mm) 
100 μL 200 μL 25 μL 

VRC - - 15,5±0,7 17,5±0,7 13 
Oleic Acid   - 0 0 0 

Lavender Oil - - 15,5±0,7  16,5±0,7  0 
Clove oil - - 35,5±0,7  39±1 32,5±0,7  

F1 - Oleic acid 0 0 0 
F2 - Lavender Oil  11,5±0,7   26±1 6,5±0,7    
F3 - Clove Oil 39±1 42,5±0,7     29±1 
F4 150 Oleic acid 0 0 0 
F5 150 Lavender Oil 48±1 61±1  44,5±0,7  
F6 150 Clove Oil 43,5±0,7    46,5±2,1 41±1 

 

Table 1. Formulation codes/components and result of antifungal 
activity inhibition zone diameter

References
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Engineering of automated nano-droplets dispensing system 
for dissolving microneedle fabrication

Jihui Lee1, Koen van der Maaden1, Conor O’Mahony2, Wim 
Jiskoot1, Joke Bouwstra1

1Division of BioTherapeutics, LACDR, University of Leiden 
University, Leiden, Netherlands; 2Tyndall National Institute, 
University College Cork, Cork, Ireland

Introduction
Dissolving microneedle array(dMNA) is a novel drug delivery 
tool, and centrifugation is the most common method for the 
fabrication of dissolving microneedle arrays  However, this 
centrifugation method is time-consuming and results in huge 
antigen loss  In order to compensate for these drawbacks, we 
engineered an automatic fabrication system1  

Objectives
The aim of this study is to engineer a fabrication system for 
dMNAs which can reduce antigen loss and brings economic 
production  

Methods
The most suitable polymer formulation for dMNAs was 
screened. Therefore, dMNAs were fabricated with five different 
formulations  With fabricated dMNAs, skin penetration and 
dissolution tests were performed to investigate the mechanical 
strength and dissolution rate of dMNAs in the skin  
 

 

87961290_7585652 
Engineering of automated nano-droplets dispensing system for dissolving microneedle  
fabrication 
 
Jihui Lee1, Koen van der Maaden1, Conor O’Mahony2, Wim Jiskoot1, Joke Bouwstra1 
1Division of BioTherapeutics, LACDR, University of Leiden University, Leiden, Netherlands; 
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Introduction 
Dissolving microneedle array(dMNA) is a novel drug delivery tool, and centrifugation is the 
most common method for the fabrication of dissolving microneedle arrays. However, this 
centrifugation method is time-consuming and results in huge antigen loss. In order to 
compensate for these drawbacks, we engineered an automatic fabrication system1.  
 
Objectives 
The aim of this study is to engineer a fabrication system for dMNAs which can reduce antigen 
loss and brings economic production.  
 
Methods 
The most suitable polymer formulation for dMNAs was screened. Therefore, dMNAs were 
fabricated with five different formulations. With fabricated dMNAs, skin penetration and 
dissolution tests were performed to investigate the mechanical strength and dissolution rate of 
dMNAs in the skin.  

 
 
Next, the automatic nano-droplets dispensing system was designed. The dispenser and stages 
were selected based on the viscosity coverage and the resolution of stepper motors, respectively.  
The nozzle of the dispenser was aligned with the first microneedle cavity, and droplets from 
the dispenser entered the microneedle cavity. This dispensing and alignment were repeated until 
all microneedle cavities were filled. After fabrication, the mechanical strength of dMNAs and 
the dissolution rate of microneedle were examined. 
 
Results   
All five dMNAs prepared with different polymer formulations displayed excellent skin 
penetration efficiency over 90%. Among five dMNAs, PVP showed the fastest dissolution. 
Therefore, PVP was selected as dMNA formulation.  
Using the automatic fabrication system, dMNA was successfully fabricated with 6.5% (w/v) 
PVP. It showed excellent penetration efficiency over 90%, and 70% of microneedle volume 
was dissolved within 2 minutes. As an antigen model, Alexa Fluor 647 dye labeled ovalbumin 
was loaded in the dMNA, and it demonstrated successful delivery of antigen into the skin. 

Next, the automatic nano-droplets dispensing system was 
designed  The dispenser and stages were selected based on 
the viscosity coverage and the resolution of stepper motors, 
respectively  
The nozzle of the dispenser was aligned with the first microneedle 
cavity, and droplets from the dispenser entered the microneedle 
cavity  This dispensing and alignment were repeated until all 
microneedle cavities were filled. After fabrication, the mechanical 
strength of dMNAs and the dissolution rate of microneedle were 
examined 

Results
All five dMNAs prepared with different polymer formulations 
displayed excellent skin penetration efficiency over 90%. Among 
five dMNAs, PVP showed the fastest dissolution. Therefore, PVP 
was selected as dMNA formulation  
Using the automatic fabrication system, dMNA was successfully 
fabricated with 6 5% (w/v) PVP  It showed excellent penetration 
efficiency over 90%, and 70% of microneedle volume was 
dissolved within 2 minutes  As an antigen model, Alexa Fluor 
647 dye labeled ovalbumin was loaded in the dMNA, and it 
demonstrated successful delivery of antigen into the skin 

Conclusions 
Automatically fabricated dMNAs displayed similar penetration 
efficiency and dissolution rate compared to the centrifugation 
method. However, it significantly reduced the volume of 
polymer/drug solution by 99%  
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ABS 88085680
Polypept(o)ide-based Cylindrical Polymerbrushes as 
Multifunctional Drug Delivery Platform
 
B  Zhao1, M  Barz1

1 Division BioTherapeutics, LACDR, Leiden University, the 
Netherlands

Compared with monoclonal antibody, bispecific antibody (BsAb) 
plays a unique role in mediating the killing of immune cells to 
tumors by its dual target signal blocking, effectively preventing 
cell drug resistance. Simultaneously, it has stronger specificity, 
targeting and reduced off-target toxicity  However, ensuring the 
stability of dual antibodies, balancing the expression amount 
of two antibodies and exploring an optimal format of the hinge 
region remain the major challenges for the development of new 
therapeutic BsAbs 

Aims
Here, we aim to synthesize patterned polymer brushes to mimic 
hinge region by controlling the chain length of two sequencing 
areas in the backbone of the brush and functionalizing with 
dual antibodies in the side chain  Compared with traditional 
bispecific antibodies, the patterned polymer brush is one kind of 
biodegradable, biocompatible and modifiable carriers for cancer 
immunotherapy 

Methods
The sequencing backbones of patterned polymer brushes 
consist of a sequencing-multiblock copolymer of poly-N-
ε-t-butyloxycarbonyl-l-lysine (pLys(Boc)) and poly-N-ε-
t-trifluoroacetyl-l-lysine(pLys(TFA)). After deprotection, 
polysarcosine with stealth-like properties can be grafted as 
side chains through “grafting-from” strategy  Then by using the 
SPAAC and TCO-Tetrazine Ligation, it was possible to synthesize 
carrier systems with specific bioactive antibodies respectively, 
which induced immune response  Among the characterizations 
of the polymers, the polymerization was monitored by infrared 
spectroscopy, 1H-NMR was used to measure the chain length of 
the polymers and HFIP-GPC could determine the polydispersity 
index (Ð) as well as the molecular weight 

 

 

88085680_7613114 
Polypept(o)ide-based Cylindrical Polymerbrushes as Multifunctional Drug Delivery 
Platform 
B. Zhao1, M. Barz1 
1 Division BioTherapeutics, LACDR, Leiden University, the Netherlands 
 
Compared with monoclonal antibody, bispecific antibody (BsAb) plays a unique role in 
mediating the killing of immune cells to tumors by its dual target signal blocking, effectively 
preventing cell drug resistance. Simultaneously, it has stronger specificity, targeting and 
reduced off-target toxicity. However, ensuring the stability of dual antibodies, balancing the 
expression amount of two antibodies and exploring an optimal format of the hinge region 
remain the major challenges for the development of new therapeutic BsAbs. 
Aims 
Here, we aim to synthesize patterned polymer brushes to mimic hinge region by controlling the 
chain length of two sequencing areas in the backbone of the brush and functionalizing with dual 
antibodies in the side chain. Compared with traditional bispecific antibodies, the patterned 
polymer brush is one kind of biodegradable, biocompatible and modifiable carriers for cancer 
immunotherapy. 
Methods 
The sequencing backbones of patterned polymer brushes consist of a sequencing-multiblock 
copolymer of poly-N-ε-t-butyloxycarbonyl-l-lysine (pLys(Boc)) and poly-N-ε-t-trifluoroacetyl-
l-lysine(pLys(TFA)). After deprotection, polysarcosine with stealth-like properties can be 
grafted as side chains through “grafting-from” strategy. Then by using the SPAAC and TCO-
Tetrazine Ligation, it was possible to synthesize carrier systems with specific bioactive 
antibodies respectively, which induced immune response. Among the characterizations of the 
polymers, the polymerization was monitored by infrared spectroscopy, 1H-NMR was used to 
measure the chain length of the polymers and HFIP-GPC could determine the polydispersity 
index (Ð) as well as the molecular weight. 
 
 

 
 

 
Results / Conclusions 
It was possible to control the whole chain length of backbones (polylysine) and side chains 
(polysarcosine) and characterize them. What’s more, it was possible to control the distance of 
“mimic hinge”  area by adjusting the repeated units of sequencing protected area in backbone. 
Further steps include conjugation, characterization and application of bioactive molecules, 
which can even realize tetrafunctional antibodies eventually. 
 

Results / Conclusions
It was possible to control the whole chain length of backbones 
(polylysine) and side chains (polysarcosine) and characterize 
them  What’s more, it was possible to control the distance of 
“mimic hinge”  area by adjusting the repeated units of sequencing 
protected area in backbone  Further steps include conjugation, 

characterization and application of bioactive molecules, which 
can even realize tetrafunctional antibodies eventually 

References
1  P  Parren et al  Nat  Rev  Drug  Discov, 2019, 18, 585–608
2  M  Barz et al  ACS Nano, 2021, 15, 9, 15191–15209

ABS 88170409
Real-time endosome imaging to probe RNA escape events 
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Introduction
RNA-based therapeutics are gaining momentum in several 
therapeutic areas, most prominently exemplified by the recent 
approval of the mRNA vaccines against COVID-19 [1]  The 
low cellular delivery efficiency of these high molecular weight 
and negatively charged cargoes remains, however, a major 
challenge [2] 

Objectives
The aim of this project is to develop new labelling schemes 
and live cell imaging assays to study endosomal escape – a key 
bottleneck in RNA delivery through lipid nanoparticles (LNPs)  
There are three additional challenges in taking endosomal 
escape imaging forward: i) the small size of endosomes, ii) the 
significant motility of endosomes and iii) the intensity contrast 
between endosome-entrapped RNA and the RNA fraction that is 
released into the cytosol  

Methods
First, to facilitate endosome imaging, we utilized cell lines 
with enlarged early endosomes [3]; size ~2-4 μm. Secondly, 
we investigated single endosome imaging by super-resolution 
microscopy  Finally, we also explored the applicability of LNPs 
with a FRET-pair cargo to monitor RNA escape  

Results / Conclusions
Enlarged early endosomes enabled direct visualisation of 
endosomes with good discrimination between the limiting 
membrane and the endosome lumen. Furthermore, we confirmed 
feasibility of single endosome imaging by super-resolution 
microscopy of a Rab5 labelled epithelial cell culture model  
Interestingly, we demonstrated in live cells and in vitro that 
FRET LNPs cannot only be utilized to measure endosomal 
escape events but also to quantify general LNP degradation  
Altogether, we have developed new tools to visualize LNPs 
inside of early endosomes  Dissecting endosomal escape events 
in detail contributes new understanding of this phenomenon that 
is crucial for RNA delivery  
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Comprehensive transcriptomic comparison of hepatocyte 
model systems 
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Introduction & Aims
The myriad of available hepatocyte in vitro models provides 
researchers the possibility to select hepatocyte-like cells (HLCs) 
for specific research goals. However, direct comparison of 
hepatocyte models is currently challenging 

Methods
We systematically searched the literature and compared different 
HLCs, but reported functions mainly encompassed a small 
subset of hepatic functions, not always compared to a gold 
standard (liver or primary hepatocytes (PHHs)  To enable a 
more comprehensive comparison, we developed a computational 
algorithm to compare whole transcriptome sequencing (RNA-
seq) data across studies that tested HLCs alongside PHHs  

Results
No HLC covered the complete hepatic transcriptome, while 
each HLC-model excelled at expressing different liver gene 
sets, highlighting the importance of HLC selection  Although 
HLCs derived from hepatocytes had the highest transcriptional 
resemblance to PHHs, they are not suitable for personalised 
medicine. For this purpose, transdifferentiation of fibroblasts 
may provide an attractive option because they also acquired a 
strong hepatic molecular phenotype under the right conditions  
Moreover, our analyses provide insight in the optimal transcription 
factors needed for hepatic transdifferentiation and in the effects of 
culturing conditions, including unexpected intestinal expression 
profiles induced by intrahepatic cholangiocyte-derived HLC 
culturing protocols. We confirmed that our transcriptomic analysis 
allowed prediction of hepatic functions in HLCs by comparing the 
transcriptomic and functional analysis of urea cycle and CYP3A4 
activity in various liver organoid models  Finally, we developed a 
web application (HLCompR) enabling comparison for a specific 
pathway of interest and addition of new HLCs 

Conclusions
In conclusion, we provide a novel approach to comprehensively 
compare HLC-models, which can be used to select the 
appropriate HLC for a specific research question but to also gain 
insight in differentiation requirements and guide improvements 
in culturing conditions 

ABS 88050922
Doxorubicin diffusion in biomimetic gels with liver tumor 
cells 

O  Degerstedt1, P  O’Callaghan2, O  Eriksson2, J. Gråsjö1,3, E  
Sjögren1, P  Hansson3, F  Heindryckx2, J. Kreuger2, H  Lennernäs1

1Dept. of Pharmaceutical Biosciences, 2Dept. of Medical Cell 
Biology, 3Dept. of Medicinal Chemistry, Uppsala University, 
Uppsala, Sweden

Introduction
Biomimetic hydrogels are often employed in 3D in vitro 
cell models to increase the understanding of how the tumor 
microenvironment contributes to cancer development and 
progression  We have previously developed biomimetic gels 
containing collagen and fibrinogen as well as used UV-imaging 
to study their influence on diffusion properties of several 
compounds 1,2 In this study we address the limitations of our 
previous work by further miniaturization, addition of tumor cells 
in the hydrogels and using a fluorescence rather than UV based 
quantification approach.

Objectives
The main objective of this study is to develop and validate a 
simple gradient chip for fluorescence investigation of doxorubicin 
diffusion in biomimetic hydrogels with and without liver tumor 
cells. The in vitro findings will then be used to further improve 
our spatio-temporal tissue concentration model 2 

Methods
The gradient chips were produced by casting polydimethylsiloxane 
(PDMS, Sylgard 184) in 3D printed molds  Loading ports for gel 
and solution reservoirs were made with a 1 5 mm biopsy punch 
before the PDMS was plasma bonded to a glass slide and the 
gel loaded (A)  For each gel replicate doxorubicin in cell media 
was added to one reservoir and neat cell media to the other  
Fluorescence intensity across the gel was monitored over time 
using a fluorescence microscopy (B). 
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Introduction 
Biomimetic hydrogels are often employed in 3D in vitro cell models to increase the 
understanding of how the tumor microenvironment contributes to cancer development and 
progression. We have previously developed biomimetic gels containing collagen and fibrinogen 
as well as used UV-imaging to study their influence on diffusion properties of several 
compounds.1,2 In this study we address the limitations of our previous work by further 
miniaturization, addition of tumor cells in the hydrogels and using a fluorescence rather than 
UV based quantification approach. 
 
Objectives 
The main objective of this study is to develop and validate a simple gradient chip for 
fluorescence investigation of doxorubicin diffusion in biomimetic hydrogels with and without 
liver tumor cells. The in vitro findings will then be used to further improve our spatio-temporal 
tissue concentration model.2  
 
Methods 
The gradient chips were produced by casting polydimethylsiloxane (PDMS, Sylgard 184) in 
3D printed molds. Loading ports for gel and solution reservoirs were made with a 1.5 mm 
biopsy punch before the PDMS was plasma bonded to a glass slide and the gel loaded (A). For 
each gel replicate doxorubicin in cell media was added to one reservoir and neat cell media to 
the other. Fluorescence intensity across the gel was monitored over time using a fluorescence 
microscopy (B).  
 

 
 

Results / Conclusions 
Low melt agarose has been the initial hydrogel of choice during development and optimization 
of the gradient chip. A stable concentration gradient was formed after ca 30 min when studying 
the diffusion of doxorubicin in cell media (100 µM) through a 1% low-melt agarose gel (C). 
Current focus is on calculating diffusion coefficients using the quantified concentration profiles 
in the gel over time as well as determining viability of HepG2 tumor cells in the gel.  
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Results / Conclusions
Low melt agarose has been the initial hydrogel of choice during 
development and optimization of the gradient chip  A stable 
concentration gradient was formed after ca 30 min when studying 
the diffusion of doxorubicin in cell media (100 µM) through a 
1% low-melt agarose gel (C)  Current focus is on calculating 
diffusion coefficients using the quantified concentration profiles 
in the gel over time as well as determining viability of HepG2 
tumor cells in the gel  
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ABS 88101479
Giving color to respiratory research: a rainbow small airway 
organotypic culture to study epithelial cellular composition.

Jelle van den Bor1, Dennis Nijenhuis1, Marco Siderius1, Heiko 
Stahl2, Matthew J  Thomas2, Martine J  Smit1

1Dept. of Medicinal chemistry, AIMMS, Vrije Universiteit 
Amsterdam, The Netherlands; 2Boehringer Ingelheim Pharma 
Gmbh & Co. KG, Biberach, Germany.

Our respiratory tract is regularly exposed to harmful xenobiotics, 
which can cause damage of the airways  The airway epithelium, 
comprised of ciliated and secretory goblet and club cell, make 
up a well-structured barrier with an underlying army of basal 
progenitor cells ready to repopulate and repair the damage that has 
been done  Airway remodeling induced by continues exposure 
of xenobiotics to the airways plays a role in the pathogenesis 
of chronic obstructive pulmonary disease (COPD), idiopathic 
pulmonary fibrosis (IPF) and lung cancers1. At present, there 
are no high-throughput/content methods available to kinetically 
measure airway remodeling in vitro 

Aims
In this study, we aimed to develop a high-content imaging 
protocol to study small airway remodeling in small airway 
organotypic cultures using a lentiviral based reporter toolbox 

Methods
We used lentiviral transduced small airway air-liquid interface 
cultures (ALI) to asses cell-type specificity of our reporter 
constructs  Next, we developed a high-content imaging approach 
to assess the location and intensity of reporter-expressing cells  
Thereafter, we validated the relevance of the high-content 
imaging approach by inducing epithelial remodeling and 
benchmarking these results to qPCR analysis, a currently used 
golden standard method 
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study epithelial cellular composition 
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Our respiratory tract is regularly exposed to harmful xenobiotics, which can cause damage of 
the airways. The airway epithelium, comprised of ciliated and secretory goblet and club cell, 
make up a well-structured barrier with an underlying army of basal progenitor cells ready to 
repopulate and repair the damage that has been done. Airway remodeling induced by continues 
exposure of xenobiotics to the airways plays a role in the pathogenesis of chronic obstructive 
pulmonary disease (COPD), idiopathic pulmonary fibrosis (IPF) and lung cancers1. At present, 
there are no high-throughput/content methods available to kinetically measure airway 
remodeling in vitro. 

Aims 
In this study, we aimed to develop a high-content imaging protocol to study small airway 
remodeling in small airway organotypic cultures using a lentiviral based reporter toolbox. 

Methods 
We used lentiviral transduced small airway air-liquid interface cultures (ALI) to asses cell-type 
specificity of our reporter constructs. Next, we developed a high-content imaging approach to 
assess the location and intensity of reporter-expressing cells. Thereafter, we validated the 
relevance of the high-content imaging approach by inducing epithelial remodeling and 
benchmarking these results to qPCR analysis, a currently used golden standard method. 
 

  
 
Results / Conclusions 
In our study, we obtained and validated a lentiviral based cell-type specific reporter toolbox for 
the major cell types present in the small airway air-liquid interface culture. Using a high content 
imager approach, we could assess reporter expression over time. Additionally, when inducing 
airway remodeling using IL-13, IL-6 or an IPF relevant cocktail, we observed that reporter 
expression followed similar expression kinetics as observed by qPCR. Altogether, we consider 
that our high content imaging method using the cell-type specific reporter toolbox is a 
promising approach to study airway remodeling. In the future, we can use this method to study 
the role of G protein-coupled receptors, promising drug targets in airway remodeling. 
References: 

Results / Conclusions
In our study, we obtained and validated a lentiviral based cell-
type specific reporter toolbox for the major cell types present 
in the small airway air-liquid interface culture  Using a high 
content imager approach, we could assess reporter expression 
over time  Additionally, when inducing airway remodeling 
using IL-13, IL-6 or an IPF relevant cocktail, we observed that 
reporter expression followed similar expression kinetics as 
observed by qPCR  Altogether, we consider that our high content 
imaging method using the cell-type specific reporter toolbox is 
a promising approach to study airway remodeling  In the future, 
we can use this method to study the role of G protein-coupled 
receptors, promising drug targets in airway remodeling 
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Medication use in uncontrolled pediatric asthma: results 
from the SysPharmPediA study
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Introduction
Uncontrolled pediatric asthma has a large impact on patients and 
their caregivers  More insight into determinants of uncontrolled 
asthma is needed  We aim to compare treatment regimens, 
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inhaler techniques, Inhaler devices, medication adherence, and 
other characteristics of children with controlled and uncontrolled 
asthma included in the “Systems Pharmacology approach to 
uncontrolled Paediatric Asthma” (SysPharmPediA) study 

Methods
145 Children with moderate to severe doctor-diagnosed asthma 
(91 uncontrolled and 54 controlled) aged 6-17 from tertiary care 
centers were enrolled in this multicenter (Germany, Slovenia, 
Spain, and the Netherlands) observational case-control study  
Uncontrolled asthma was based on asthma symptoms and/
or exacerbations in the past year   Patient-reported adherence 
and clinician-reported medication use were assessed  Lung 
function was measured, as well as inhalation technique  A 
logistic regression model was fitted to predict the probability of 
uncontrolled pediatric asthma 

Results
Children treated at higher GINA treatment steps were more likely 
to have uncontrolled asthma, with the highest risk for children 
treated in the highest GINA treatment step (OR (95%CI): 10 27 
(1 71 - 197 66))  The adherence and inhaler techniques were 
not significantly associated with the risk of having uncontrolled 
asthma  Furthermore, the risk of uncontrolled asthma was 
associated with the change between FEV1 % predicted post and 
pre-salbutamol (OR (95% CI): 1 06 (1 00 - 1 14)) 

Conclusion
In this study, medication adherence and inhaler technique scores 
did not differ between controlled and uncontrolled asthma 
children  However, children on higher treatment steps were at 
increased risk of uncontrolled asthma  Other determinants, such 
as environmental factors and/or differences in biological profiles, 
might influence the risk of uncontrolled asthma in this moderate 
to severe asthmatic population 

ABS 87742034
Cancer-related mutations in CC chemokine receptor 2 
and their impact on receptor function and possible drug 
treatments 

L S  den Hollander1, O J M  Béquignon1, K. van Wezel1, J  
Broekhuis1, M  Gorostiola Gonzalez1,2, X  Wang1, A P  IJzerman1, 
G  van Westen1, L H  Heitman1,2 
1Leiden Academic Centre for Drug Research, Leiden, The 
Netherlands, 2Oncode Institute, Utrecht, The Netherlands

G protein-coupled receptors (GPCRs) are highly involved in 
many levels of cancer initiation and progression 1 CC chemokine 
receptor 2 (CCR2) is typically expressed on leukocytes, where 
they are involved in their circulation in response to chemokine 
gradients 2  In cancer, CCR2 and its main ligand CCL2 are 
implication in tumour growth, angiogenesis, metastasis and 
immunosuppression 3 Overall, overexpression of either is 
unfavourable for patient health and survival  Several clinical 
trials are currently ongoing that target the CCR2-CCL2 signalling 
axis, but unfortunately none have made it to the market 4 

Aims
As GPCRs are mutated in approximately 20% of human cancers5, 
we investigated the effect of cancer-related mutations on receptor 
functionality and possible drug binding 

Methods
125 mutations were retrieved from the Genome Data Commons 
(GDC) database, which were narrowed down to ten based on their 
vicinity to the orthosteric and allosteric binding sites or location 
within conserved motifs  These were tested for their ability to 

alter receptor function and potential drug function in radioligand 
binding and functional assays  

Results / Conclusions
All mutants showed either a decreased efficacy in response to 
CCL2 in a functional assay or lack of activation altogether  In 
addition, no change in potency was seen as well as no change 
in constitutive activity  Next, radioligand binding experiments 
showed a decrease in affinity for the orthosteric antagonist with 
mutant F116V3 28 near the orthosteric binding pocket, and a loss 
of binding for the allosteric antagonist for mutations L134Q3 46 
and D137N3 49 near the allosteric binding pocket  
In conclusion, cancer-related mutations affected receptor 
functionality negatively, as mutant receptors were not able to be 
fully activated or at all in response to CCL2  This lead to receptors 
not being able to be effectively targeted by the tested antagonists 
that served as proxy drugs  As CCR2 is becoming a more popular 
cancer target, the possibility of ineffective treatment should be 
kept in mind 
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Targeted exhaled breath analysis for optimization of 
antibiotic therapy in cystic fibrosis patients
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1. Dept. of Respiratory Medicine, Amsterdam University Medical 
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Background
Recurrent respiratory infections are associated with worsening 
lung function in patients with cystic fibrosis (CF). Culture 
dependent detection of such infections is not only time-
consuming, it also often relies upon sputum, which became 
challenging to obtain due to novel treatment options  These 
diagnostic challenges hinder the choice op optimal antibiotic 
treatment  Volatile organic compounds (VOCs) in exhaled breath 
may allow for rapid non-invasive pathogen identification. We 
adopted a targeted approach and aimed to 1) identify VOCs 
of interest in literature and 2) assess the diagnostic accuracy 
of exhaled breath analysis to detect common CF pathogens: 
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Staphylococcus aureus (SA), Aspergillus fumigatus (AF), and 
Haemophilus influenzae (HI).

Methods
VOCs for each pathogen were firstly identified through a 
literature review and selected based on multiple reporting’s  
Data from an independent cross-sectional study of CF patients 
was used to evaluate their validity  Pathogen presence was 
defined as a positive culture at visit/chronically infected. VOCs 
were identified using a quadrupole MS. The primary endpoint 
was the area under the receiver operating characteristics curve 
(AUROCC) of individual VOCs and VOCs combined in a 
multivariable regression model, for each pathogen 

Results
Over 400 VOCs were identified in literature of which 65 were 
selected for further analysis  8 SA related, 1 AF related, and 8 
HI related VOCs could be detected in the exhaled breath of 25 
paediatric and 28 adult CF patients  Individual VOCs related 
to SA (positive=31, free=11), and HI (positive=9, free=28) had 
an AUROCC of 0 47-0 74 and 0 46-0 62, respectively  For AF 
(positive=6, free=36), the identified VOC had an AUROCC of 
0 47 (CI: 0 23-0 72)  Combined VOC analysis showed improved 
discrimination with AUROCC of 0 78 (CI: 0 62-0 93) for SA and 
AUROCC of 0 82 (CI: 0 66-0 98) for HI 

Conclusion
Targeted VOC analysis showed promising results for the 
detection of pathogens, and composite VOC fingerprints were 
superior to individual VOCs  This study shows the potential of 
hypothesis driven of breath analysis to detect colonization and 
aid in early initiation of pathogen specific treatment.

ABS 88010406
Development and evaluation of composite hydrogel-forming 
microneedles containing diclofenac sodium 

Emre Tuncel1, Serdar Tort1, Figen Tirnaksiz1 
1Dept. of Pharmaceutical Technology, Gazi University Faculty of 
Pharmacy, Ankara, Turkey.

Introduction
Hydrogel-forming microneedles (HFMs) allow many active 
substances to pass into the systemic circulation by temporarily 
piercing the skin  Due to their swelling property, they can provide 
transdermal administration of high-dose drugs such as diclofenac 
sodium (DS) 

Objectives
In this study, mechanical, swelling and in vitro drug release 
properties of HFMs composed of four different polymers and DS 
were evaluated 

Methods
Polymer solutions were prepared by adding different ratios of 
Gantrez S97, polycarbophil (PC), PEG1500 and hyaluronic 
acid (HA) to the DS solution  Polymer solutions were poured 
into PDMS molds  After centrifugation and drying, HFMs were 
obtained  Mechanical properties of HFMs were determined by a 
texture analyzer  Swelling capacity was found by measuring the 
weight of HFMs kept in release medium  In vitro drug release 
was performed by placing microneedles fixed on aluminum foil 
into the Franz cell  Aluminum foil was used to simulate skin 
maintaining membrane integrity1 

Results

 

88010406_7594732 
Development and evaluation of composite hydrogel-forming microneedles containing 
diclofenac sodium
Emre Tuncel1, Serdar Tort1, Figen Tirnaksiz1  
1Dept. of Pharmaceutical Technology, Gazi University Faculty of Pharmacy, Ankara, Turkey. 
 
Introduction 
Hydrogel-forming microneedles (HFMs) allow many active substances to pass into the 
systemic circulation by temporarily piercing the skin. Due to their swelling property, they can 
provide transdermal administration of high-dose drugs such as diclofenac sodium (DS). 
 
Objectives 
In this study, mechanical, swelling and in vitro drug release properties of HFMs composed of 
four different polymers and DS were evaluated. 
 
Methods 
Polymer solutions were prepared by adding different ratios of Gantrez S97, polycarbophil 
(PC), PEG1500 and hyaluronic acid (HA) to the DS solution. Polymer solutions were poured 
into PDMS molds. After centrifugation and drying, HFMs were obtained. Mechanical 
properties of HFMs were determined by a texture analyzer. Swelling capacity was found by 
measuring the weight of HFMs kept in release medium. In vitro drug release was performed 
by placing microneedles fixed on aluminum foil into the Franz cell. Aluminum foil was used 
to simulate skin maintaining membrane integrity1. 
 
Results 
 
Table I 

Formulations Content (%) Mechanical 
Properties 

Swelling 
Capacity 

HA PC Gantrez S97 + PEG1500 DS Hardness (N) Swelling % 
HFM1 1 1 15 + 0.843 0.35 3.29 ± 0.79a 1004 ± 118a 

HFM2 0.1 1 15 + 0.843 0.35 2.93 ± 0.96a 2988 ± 307 

HFM3 1 0.55 20 + 1.125 0.35 4.79 ± 0.81b 1018 ± 19a 

HFM4 1 1 20 + 1.125 0.35 4.34 ± 0.91b 1298 ± 55a 

Same letter along column are not significantly different (p > 0.05) 
 
As seen in the Table I, the increase in the amount of Gantrez S97 and PEG1500 increases the 
mechanical strength, significantly. HFM2, with its super-swelling property, showed 15% drug 
release in the first 4 hours. In the same period, HFM4 released the drug around 8%. At the end 
of 24 hours, both microneedles reached 40% drug release. 
 
Conclusion 
To conclude, composite HFMs can provide desired drug release profiles due to their adjustable 
swelling properties. It was evaluated that the swelling capacity test could be used to obtain 
information about the release rate for HFMs. 
 
References: 

1. Thakur, R. R. S., Tekko, I. A., Al-Shammari, F., Ali, A. A., McCarthy, H., & Donnelly, R. F. (2016). 
Rapidly dissolving polymeric microneedles for minimally invasive intraocular drug delivery. Drug 
delivery and translational research, 6(6), 800-815. 

Same letter along column are not significantly different (p > 0.05)

As seen in the Table I, the increase in the amount of Gantrez S97 
and PEG1500 increases the mechanical strength, significantly. 
HFM2, with its super-swelling property, showed 15% drug 
release in the first 4 hours. In the same period, HFM4 released 
the drug around 8%  At the end of 24 hours, both microneedles 
reached 40% drug release 

Conclusion
To conclude, composite HFMs can provide desired drug release 
profiles due to their adjustable swelling properties. It was 
evaluated that the swelling capacity test could be used to obtain 
information about the release rate for HFMs 

References
1  Thakur, R  R  S , Tekko, I  A , Al-Shammari, F , Ali, A  A , McCarthy, 

H , & Donnelly, R  F  (2016)  Rapidly dissolving polymeric 
microneedles for minimally invasive intraocular drug delivery  Drug 
delivery and translational research, 6(6), 800-815 
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Introduction / aims 
Severe infections, such as pneumonia, are leading causes of death 
around the world [1]  Currently, antibiotic treatment strategies 
for pneumonia are guided by investigating pharmacokinetics and 
pharmacodynamics of antibiotics  However, contribution of host-
pathogen interaction to the design of treatment strategies is not 
yet completely understood and therefore often ignored  Various 
studies have been published which describe different parts of 
the hosts’ immune response to bacterial infection and antibiotic 
treatment [2 – 5]  Thus, the whole picture of the immune 
response is missing  Furthermore, relevant cytokine biomarkers 
interpretation during treatment is difficult. We aim to develop 
a quantitative systems pharmacology (QSP) model integrating 
available knowledge on the immune response during severe 
infections to study the impact of immune status on treatment 
strategies and better interpret biomarkers of bacterial infections 
during treatment 

Methods
The model comprises bacterial, antibiotic, immune cell, and 
cytokine dynamics over time with ordinary differential equations  
The antibiotic effect on bacteria is implemented by using a 
sigmoidal Emax model with the addition of capacity limited 
growth of the bacteria [2, 6]  Immune system components, for 
example immune cells, cytokines and c-reactive protein (CRP) 
are included, with their varying actions and interactions, such 
as production of cytokines, promoting or inhibiting production 
of components in the immune response, and phagocytosing the 
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bacteria  Information from published in vitro and in vivo studies 
are used to build the model  A sensitivity analysis is done to 
evaluate the importance of estimated parameter values   

Results / conclusion
The developed QSP model describes immune system dynamics 
and interactions during a bacterial infection with and without 
antibiotic treatment  Various scenarios are simulated such as 
differences in immune system suppression and types of infecting 
pathogens and antibiotics  The model will be further extended 
to encompass more elements of the innate immune system  
The developed model may contribute to the research of severe 
infections by (1) determining the influence of the immune 
system on treatment strategies; and (2) the clinical application of 
interpreting measurements of cytokines and CRP as biomarkers  
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Oral antibiotics lower mycophenolate mofetil drug exposure 
by interfering with the enterohepatic recirculation: a case 
series
 
M  Simoons1, K.A.T. Naipal2, M B  Mulder1,3, B C M  de Winter1,3

1. Department of Hospital Pharmacy, ErasmusMC, University 
Medical Center Rotterdam, Rotterdam, The Netherlands 
2. Department of Internal Medicine, ErasmusMC, University 
Medical Center Rotterdam, Rotterdam, The Netherlands
3. The ErasmusMC Transplant Institute, University Medical 
Center Rotterdam, Rotterdam, The Netherlands

Mycophenolate mofetil (MMF) has established an important role 
as immunosuppressive agent in solid organ transplant recipients  
Its relatively low toxicity profile has made it favorable to combine 
with tacrolimus  Exposure to the active metabolite mycophenolic 
acid (MPA) can be monitored by therapeutic drug monitoring 
(TDM)  MPA is metabolized to the biologically inactive MPA-
7-O-glucuronide (MPAG), which is subject to enterohepatic 
recirculation  We present three transplant patient cases with 
severely decreased MPA trough levels after oral antibiotic co-
administration 

A 53-year-old male patient started MMF after liver transplantation  
Post-operatively, he developed an intra-abdominal infection for 
which intravenous (i.v.) vancomycin and ciprofloxacin were 

prescribed. After ciprofloxacin was switched from i.v. to oral, 
previously adequate MPA levels dropped below target (0 19-0 25 
mg/L; target range 1-3 mg/L)  

A 13-year-old boy started MMF after a renal transplantation  
Because of diarrhea due to re-activation of Clostridium difficile, 
eradication with oral vancomycin was started  A few days later, 
MPA plasma levels reduced to low and undetectable levels 
(<0 10-1 62 mg/L; target range 2-5 mg/L)  

A 13-year-old girl was treated for a urinary tract infection 
almost two years after her second renal transplant  She was on 
immunosuppressive therapy including MMF with adequate 
exposure, but after four days of amoxicillin/clavulanic acid co-
medication, her MPA level was undetectable (<0 10 mg/L; target 
>1 9 mg/L)  

In all cases, MPA levels returned to adequate after discontinuing 
the antibiotic  None of the patients was co-treated with 
ciclosporin, which is known to inhibit the MPA enterohepatic 
recirculation 

The reduced MPA levels in these cases seem to be due to 
interference with the enterohepatic recirculation  By diminishing 
gut bacteria β-glucuronidase activity, oral antibiotics seem 
to prevent deglucuronidation of MPAG to MPA and thereby 
prevent its reuptake to complete the cycle  This pharmacokinetic 
interaction of MPA with oral antibiotics, which could result in 
chronic rejection, is clinically relevant in solid organ transplant 
recipients, especially in the outpatient setting with low frequency 
TDM  Therefore routine screening and guidance for this 
interaction should be done, preferably supported by clinical 
decision support systems 

ABS 88091908
Short-acting β2-agonists (SABA) use related to excessive 
dispensing in asthma patients 

Claire D  Visser1, Ayse Özdemir1, Maaike R A  Faay1, Henk-Jan 
Guchelaar1 and Martina Teichert1,2 *

1Department of Clinical Pharmacy and Toxicology, Leiden 
University Medical Center, Leiden, The Netherlands. 2Royal 
Dutch Pharmacists Association (KNMP), The Hague, The 
Netherlands.
*Corresponding author Tel: +31 71 527 6211, E-mail: 
M.Teichert@lumc.nl.

Background
Pharmacy dispensing data indicate that excessive short-acting 
β2-agonists (SABA) use as reliever therapy is prevalent in 
approximately 40% of adult SABA users in the Netherlands  This 
may reflect poor asthma control. Dispensing data are a proxy 
measure representing the acquisition of SABA, not necessarily 
SABA use  Understanding reasons for excessive SABA 
dispensing gives the possibility to optimize asthma management  

Objective
To determine perceptions, attitudes and behavior associated with 
excessive SABA dispensing in asthma patients  

Methods
Fifty community pharmacies connected to the Leiden University 
were invited. Asthma patients ≥ 18 years with excessive SABA 
dispensing were selected from pharmacy dispensing data collected 
by the Foundation of Pharmaceutical Statistics in October 2021  
Patients with excessive SABA dispensing were defined as ≥2 
SABA dispensing in the past 6 months indicative for an average 
use of ≥2 inhalations/week. Patients were stratified according to 



PO
ST

ER
S

57

Personalized medicine

European Medicines Days 2022  |  June 1st - 3rd  |  Abstracts Poster Presentations

SABA monotherapy and concomitant inhalation corticosteroids 
(ICS). ICS was established as ≥1 ICS dispensing in the past year. 
Patients were invited to fill in a questionnaire on their SABA use 
and could clarify their answers in a semi-structured interview  
Questionnaires were analyzed with descriptive statistics and 
interviews were recorded and transcribed for thematic analysis 
 
Results
A total of 319 eligible patients were invited from 30 pharmacies  
The questionnaire was completed in 53 patients (17%) of whom 
17 patients participated in an interview  Excessive SABA use 
was reported in 43 patients (81%) with an average of 3 7 (±2 1) 
inhalations/day  Misconceptions on asthma progression, a quick 
onset of SABA and lack of knowledge on asthma triggers were 
reported for this behavior in the majority of users. Knowledge on 
essential inhaler technique steps were missing in 27 users (63%)  
Annual inhalation instructions were not performed in 33 users 
(77%)  Wishes and needs include annual consults with healthcare 
providers and supporting apps  ICS use was present in 24 users 
(56%) of which multiple inhaler device types requiring different 
techniques were present in 12 users (50%)  

Conclusion
Pharmacy dispensing data has potential to detect excessive SABA 
use in asthma patients. Identified reasons related to knowledge, 
beliefs and skills for this behavior requires targeted interventions 
by healthcare providers. Confirmation is warranted in a larger 
sample size 

Keywords
Asthma, Short-acting β2-agonists, Inhaled corticosteroids, 
Adherence, Dispensing, Primary care 
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Hybrid 3D printed and electrospun hierarchical 
polycaprolactone scaffolds guide MC3T3-E1 preosteoblast 
bone differentiation
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Basque Center for Materials, Applications and Nanostructures, 
UPV/EHU Science Park; 7Proteinmat materials SL

Introduction
Polycaprolactone (PCL) presents interesting properties for 
bone tissue engineering, including slow biodegradability, good 
mechanical properties and biocompatibility [1]  Electrospinning 
is widely employed to fabricate PCL scaffolds since it generates 
nanoscale fibers that mimic the extracellular matrix. However, 
the resulting scaffolds present poor mechanical properties  
Despite the combination of electrospinning and 3D printing can 
overcome this issue, previous studies using this approach spun 
yarn only on the top surface of the scaffold, producing very dense 
meshes that limit cell culture [2] 

Objectives
The aim of this work was to employ 3D printing and 
electrospinning sequentially to produce a fully integrated 
hierarchical structure that presents adequate mechanical 
properties and porosity to guide the osteogenic differentiation of 
MC3T3-E1 preosteoblasts  

Methods
Hybrid PCL scaffolds were fabricated using a domoBIO 2A 
bioprinter Domotek equipped with an electrospinning module 
and a filament extruder. The disk-shaped scaffolds resulting 
from the sequential use of both techniques showed a 21 mm 
diameter and a 1 mm height  MC3T3-E1 murine preosteoblasts 
were cultured on the scaffolds during 21 days  Mineralization 
was assessed by Alizarin Red S staining, which was extracted 
with HCl  Gene expression of alkaline phosphatase (ALP) and 
osteopontin (OPN) was evaluated by real-time RT-qPCR using 
Gapdh as reference 

Results
Sequential 3D printing and electrospinning of PCL produced 
mechanically stable hierarchical scaffolds that provided an 
adequate porosity for cell culture  MC3T3-E1 preosteoblasts 
cultured on Hybrid PCL scaffolds significantly increased their 
calcium deposition until day 14, when it stabilized (Fig  1A)  The 
gene expression of the early osteogenic marker ALP and the late 
osteogenic marker OPN was significantly upregulated in cells 
cultured on the scaffolds (Fig  1B-C) 

Conclusion
Hybrid PCL scaffolds increased the mineralization and 
expression of early and late osteogenic markers in MC3T3-E1 
preosteoblasts, demonstrating their hierarchical structure guided 
bone-tissue differentiation 
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Fig. 1. (A) Optical images of calcium deposits stained with Alizarin Red S and quantification after extraction. 
Scale bars = 2.5 mm. **p<0.01, ***p<0.001 to day 0. ###p<0.001 to day 7. (B) Alp and (C) Opn expression as 
fold increase of day 0. *p<0.05, ***p<0.001.  
Fig. 1. (A) Optical images of calcium deposits stained with 
Alizarin Red S and quantification after extraction. Scale bars 
= 2.5 mm. **p<0.01, ***p<0.001 to day 0. ###p<0.001 to day 
7. (B) Alp and (C) Opn expression as fold increase of day 0. 
*p<0.05, ***p<0.001. 
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Introduction
Thanks to its biocompatibility and gel forming capacity alginate is 
one of the most studied polymers for 3D printing applications[1, 
2]  However, alginate matrices have proven to be not consistent 
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enough to maintain desired shapes when printed  To tackle this 
problem Laponite has been proposed as a rheological modifier 
capable to form printable, robust and solid-like structured 
hydrogels when combined to alginate [2,3,4] 
 
Aims
In this project, the characterization of a miniaturized solid rectal 
formulations obtained by 3D printing composed of Laponite 
XLG and sodium alginate was performed  Here, a novel strategy 
of ionic displacement was used in order to control the drug 
loading and release behaviour of the formulation as well as its 
disintegration time 

Methods
Solid rectal formulations were obtained by the extrusion based 
3D printing of hydrogels composed of Laponite® XLG (BYK 
Additives & Instruments) and sodium alginate (NovaMatrix®)  
Suppository shaped constructs were printed using an extrusion 
based 3D printer (CELLINK® BIO-X) and crosslinked by using 
CaCl2 (0 1M) 
The in vitro disintegration time was determined using a U S P  
disintegration apparatus  In order to test the ionic displacement 
─blockade strategy─ Bovine Serum Albumin (BSA) solution 
was employed to pretreat the samples  
In the drug loading and release assay, suppositories were first 
immersed in 1,5 mL of a fluorescein-labelled dextran (40kDa 
MW) solution and dextran concentration in the medium was 
determined over time  Next, dextran loaded suppositories were 
blocked and placed phosphate buffer saline at 37 °C in a rotatory 
shaker at 25 rpm  Samples were collected at different time 
points until suppositories were fully disintegrated  Non-blocked 
suppositories were used as a control group 

Results / Conclusions
Miniaturized suppositories were correctly printed and cross-
linked(Fig 1)  The BSA pretreatment of the formulations 
significantly decreased the time required for the complete 
disintegration (Fig 2A)  Dextran loading was notably higher 
when blockade strategy of the formulations was not employed 
(Fig 2B) and dextran release was higher when it was applied after 
loading(Fig 2C)  These results demonstrated that the blockade 
strategy employed during the study had a great influence on both 
disintegration time of the formulations and their drug loading-
release behaviour  

1 
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Introduction 
Thanks to its biocompatibility and gel forming capacity alginate is one of the most studied 
polymers for 3D printing applications[1, 2]. However, alginate matrices have proven to be not 
consistent enough to maintain desired shapes when printed. To tackle this problem Laponite 
has been proposed as a rheological modifier capable to form printable, robust and solid-like 
structured hydrogels when combined to alginate [2,3,4].  
Aims 
In this project, the characterization of a miniaturized solid rectal formulations obtained by 3D 
printing composed of Laponite XLG and sodium alginate was performed. Here, a novel strategy 
of ionic displacement was used in order to control the drug loading and release behaviour of 
the formulation as well as its disintegration time. 
Methods 
Solid rectal formulations were obtained by the extrusion based 3D printing of hydrogels 
composed of Laponite® XLG (BYK Additives & Instruments) and sodium alginate 
(NovaMatrix®). Suppository shaped constructs were printed using an extrusion based 3D 
printer (CELLINK® BIO-X) and crosslinked by using CaCl2 (0.1M). 
The in vitro disintegration time was determined using a U.S.P. disintegration apparatus. In order 
to test the ionic displacement ─blockade strategy─ Bovine Serum Albumin (BSA) solution was 
employed to pretreat the samples.  
In the drug loading and release assay, suppositories were first immersed in 1,5 mL of a 
fluorescein-labelled dextran (40kDa MW) solution and dextran concentration in the medium 
was determined over time. Next, dextran loaded suppositories were blocked and placed 
phosphate buffer saline at 37 °C in a rotatory shaker at 25 rpm. Samples were collected at 
different time points until suppositories were fully disintegrated. Non-blocked suppositories 
were used as a control group. 
Results / Conclusions 
Miniaturized suppositories were correctly 
printed and cross-linked(Fig 1). The BSA 
pretreatment of the formulations significantly 
decreased the time required for the complete 
disintegration (Fig 2A). Dextran loading was 
notably higher when blockade strategy of the 
formulations was not employed (Fig 2B) and 
dextran release was higher when it was applied 
after loading(Fig 2C). These results demonstrated that the blockade strategy employed during 

Fig 1. Image of a 3D printed suppository composed of 
Laponite® XLG and sodium alginate. 

2 
 

the study had a great influence on both disintegration time of the formulations and their drug 
loading-release behaviour.  
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Fig 2.  A)Time necessary for disintegration represented in time ranges — (1-2) 0 to 10 min, (2-3)10 to 20 min, (3-4) 20 to 
40 min, (4-5) 40 min to 1h, (5-6) 1h to 1:30h and (6-7) above 2h— from dark to bright sizes of the graphic. B) Loading 
kinetics of fluorescein labelled dextran C) Release kinetics of fluorescein labelled dextran loaded suppositories. 

 

Fig 2.  A)Time necessary for disintegration represented in time 
ranges — (1-2) 0 to 10 min, (2-3)10 to 20 min, (3-4) 20 to 40 
min, (4-5) 40 min to 1h, (5-6) 1h to 1:30h and (6-7) above 2h— 
from dark to bright sizes of the graphic. B) Loading kinetics of 
fluorescein labelled dextran C) Release kinetics of fluorescein 
labelled dextran loaded suppositories.
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Immunochemotherapy (IC) is a promising cancer treatment 
option nowadays  Colon cancer (CC) is the third most common 
malignancy and the second leading cause of death from cancer (1) 
in which immune therapies are still under focus  5-Fluorouracil 
(5-FU) is a commonly used and effective pharmaceutical for 
CC  Interleukin-2 (IL-2), a cytokine, is approved in renal cell 
carcinoma and melanoma by the FDA. Efficacy research in CC 
is still ongoing 

Aims
The aim of this study was to prepare a nanoplex based on the 
charge interaction of cationic cyclodextrin (CD) polymer with 
IL-2 further loaded with 5-FU, resulting in a nanoscale drug 
delivery system for IC of CC  It was also to determine whether 
the nanoplex were safe and effective in CC through in vitro and 
in vivo studies 

Methods
Amino βCD polymer was used as a basis for the delivery system. 
In vitro characterization studies of the nanoplex such as particle 
size distribution (PS), loading capacity (LC), integrity and 
biological activity of IL-2 in nanoplex form were realized  The 
efficacy and safety of nanoplex were determined in CT26 both 2D 
and 3D cell models  Finally, the antitumoral and antimetastatic 
activity of the nanoplex was determined in CT26-tumor bearing 
mice  
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Immunochemotherapy (IC) is a promising cancer treatment option nowadays. Colon cancer 
(CC) is the third most common malignancy and the second leading cause of death from cancer 
(1) in which immune therapies are still under focus. 5-Fluorouracil (5-FU) is a commonly used 
and effective pharmaceutical for CC. Interleukin-2 (IL-2), a cytokine, is approved in renal cell 
carcinoma and melanoma by the FDA. Efficacy research in CC is still ongoing. 
Aims 
The aim of this study was to prepare a nanoplex based on the charge interaction of cationic 
cyclodextrin (CD) polymer with IL-2 further loaded with 5-FU, resulting in a nanoscale drug 
delivery system for IC of CC. It was also to determine whether the nanoplex were safe and 
effective in CC through in vitro and in vivo studies. 
Methods 
Amino βCD polymer was used as a basis for the delivery system. In vitro characterization 
studies of the nanoplex such as particle size distribution (PS), loading capacity (LC), integrity 
and biological activity of IL-2 in nanoplex form were realized. The efficacy and safety of 
nanoplex were determined in CT26 both 2D and 3D cell models. Finally, the antitumoral and 
antimetastatic activity of the nanoplex was determined in CT26-tumor bearing mice.  
 

    
 

Results / Conclusions 
The mean PS of nanoplex was measured at below 100 nm with DLS. The LC of CD nanoplex 
was 40% for 5-FU and 99.8% for IL-2. The integrity of IL-2 was not affected by nanoplex 
preparation processes (a). Antitumoral activity in 3D model, the nanoplex caused more cell 
death than the free drug solution. The figure (b) shows the significantly lower number of 
metastatic foci when immunotherapy is administered in nanoplex and antitumoral activity in 
vivo model revealed 5-FU and IL-2 seem to work together also in free solution form. In 
conclusion, CD nanoplex can be favorable for IC in CC and this should be verified with other 
chemotherapeutics in combination with immunotherapeutic agents. 
 
References: 
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Results / Conclusions
The mean PS of nanoplex was measured at below 100 nm with 
DLS  The LC of CD nanoplex was 40% for 5-FU and 99 8% 
for IL-2  The integrity of IL-2 was not affected by nanoplex 
preparation processes (a)  Antitumoral activity in 3D model, the 
nanoplex caused more cell death than the free drug solution  The 
figure (b) shows the significantly lower number of metastatic 
foci when immunotherapy is administered in nanoplex and 
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antitumoral activity in vivo model revealed 5-FU and IL-2 
seem to work together also in free solution form  In conclusion, 
CD nanoplex can be favorable for IC in CC and this should 
be verified with other chemotherapeutics in combination with 
immunotherapeutic agents 

Reference
1  Siegel L R  et al , Cancer Statistics, 2021  Ca Cancer of J  Clin , 2021  

71, p  7–33 
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Introduction
Nasal powders are promising platforms in nose-to-brain drug 
delivery (1)  Spray drying is a single-step, fast and scalable dry 
powder preparation method (2)  Design of experiments (DoE) is 
often used in product-related optimization of the spray drying 
process (2)  The potential of ultrasonic nozzle for the preparation 
of nasal powders has not yet been deeply investigated 

Aims
The aim of this study is to prepare donepezil loaded chitosan/
mannitol microspheres by spray drying using an ultrasonic 
nozzle  Employing Quality by Design approach will enable 
elucidating and understanding the impact of formulation and 
process parameters on spray drying yield and microspheres 
physicochemical properties 

Methods
Statistical DoE (JMP 14 0 software, USA) was employed in 
optimisation of spray dried donepezil hydrochloride (DH; 
Carbosynth Ltd, UK) loaded chitosan (Sigma Aldrich, USA) 
and mannitol (BDH Prolabo, UK) microspheres. The following 
properties were observed as responses: process yield, entrapment 
efficiency (high performance liquid chromatography; Perkin 
Elmer, USA), particle size (Mastersizer 3000; Malvern 
Instruments Ltd, UK) and moisture content (TA Instruments 
Q500; TA Instruments, USA)  Microspheres morphology 
and surface properties were observed by scanning electron 
microscopy (SEM) using a Tescan Vega 3 microscope (Czech 
Republic) 

Results / Conclusions
Spray dried chitosan/mannitol microspheres with high DH 
entrapment efficiency and adequate moisture content were 
successfully prepared using an ultrasonic nozzle, fitting the size 
requirements for targeted nasal delivery (majority of particles 
larger than 10 µm)  Process yield was in line with literature 
reports  Regression modelling revealed the impact of both, 
formulation and process parameters on yield, moisture content 
and particle size  The obtained microspheres were uniform and 
spherical with smooth surface, as showed by SEM micrographs  
 

 

 
 
This study confirmed the suitability of ultrasonic nozzle for preparation of microspheres for 
nasal drug delivery. Predictive power of regression model obtained for observed responses 
enables the development of donepezil loaded chitosan/mannitol nasal powder platform with 
built-in quality, maximizing cost and time savings. 
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This study confirmed the suitability of ultrasonic nozzle for 
preparation of microspheres for nasal drug delivery  Predictive 
power of regression model obtained for observed responses 
enables the development of donepezil loaded chitosan/mannitol 
nasal powder platform with built-in quality, maximizing cost and 
time savings 
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Introduction
Drug resistance during cancer treatment can be mediated by 
many underlying mechanisms  Alterations in drug transport over 
the cancer cell membrane can severely alter intratumoral drug 
exposure and thereby contribute to resistance  Germline mutations 
in transporter genes are known to affect systemic exposure to 
cancer treatment, but studies on somatic pharmacogenetic 
alterations in tumors are still lacking  
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Objectives
To describe the incidence of genomic and transcriptomic drug 
transporter alterations in tumors and to study the effect of prior 
systemic treatment on those alterations 

Methods
We present the mutational landscape of 48 ATP-binding cassette 
and 416 solute carrier transporter genes in a cohort of 3,290 
patients with different types of metastasized cancer 1 Paired 
whole blood and tumor biopsies were analyzed using whole 
genome and transcriptome sequencing  In order to identify 
potential stressor mechanisms, we stratified patients based on 
previous systemic therapies in the enrichment tests of mutations 
and copy-number alterations  

Results
Of the 20,908 somatic mutations we found in transporter genes, 
only a minority occurred in known pharmacogenes, which might 
point at metabolic or bystander rather than pharmacokinetic 
events  In tumors from patients pretreated with tyrosine kinase 
inhibitors (TKIs), genes encoding for the copper transporters 
CTR1 (SLC31A1;  χ2 45.51, p<0.001) and CTR2 (SLC31A2;  
χ2 47.52, p<0.001) and the nucleoside transporters hCNT2 
(SLC28A2; χ2 33.29, p<0.001)  and hCNT3 (SLC28A3; χ2 
36.51, p<0.001) transporters were deleted significantly more 
frequently than in tumors pretreated with chemotherapy  As these 
transporters are known to facilitate transmembrane chemotherapy 
transport, they might be explained as plausible mechanisms of 
primary drug resistance  RNA expression of the drug transporter 
ABCC4 (adjusted p-value 4.82E-04) was also significantly 
higher after TKI treatment compared with chemotherapy. 

Conclusion
We used whole genome sequencing and RNA sequencing data 
to scrutinize the intratumoral pharmacogenetic landscape  
Future pharmacologic research on drug resistance should focus 
on mechanistic and clinical consequences of the genomic and 
transcriptomic alterations we observed  Lastly, this study illustrates 
that large scale sequencing data contain valuable information 
outside of the mainstream pharmacodynamic parameters 

References
1  Priestley et al, Nature  2019; 575, 210–216
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Introduction
Oral delivery of anti-dementia drug donepezil hydrochloride 
(DH) is related to several disadvantages such as gastrointestinal 
side effects and low bioavailability in the brain (1)  Nasal 
administration of DH may provide its efficient and direct delivery 
to the brain via olfactory nerve that innervates olfactory region of 
the nasal cavity  Nasal powders have shown encouraging results 
in nose-to-brain drug delivery (2)  

Aims
This work aims to develop DH nasal powder platform by spray 
drying, employing Quality by Design (QbD) principles using 
statistical design of experiments (DoE)  By coupling formulation, 
process and administration parameters the aim is to generate free-
flowable powder with appropriate degree of swelling and spray 
cone angle, that will result in localised olfactory nasal deposition  

Methods
DH nasal powders were prepared by spray dryer equipped with 
ultrasonic nozzle  Statistical design of experiments (JMP 14 0 
software, USA) was employed in optimization of spray dried DH 
(Carbosynth Ltd., UK) loaded chitosan (Sigma Aldrich, USA) and 
mannitol (BDH Prolabo, UK) microspheres. DH loaded chitosan/
mannitol (DH/C/M) were characterized in terms of flow properties, 
spray cone angle and degree of swelling  Nasal deposition studies 
were performed using a representative 3D printed nasal cast 
connected to respiratory pump simulating breathing conditions 

Results / Conclusions
Spray dried DH/C/M microspheres have been successfully 
prepared by spray drying  Powders exhibited adequate swelling: 
volume of simulated nasal fluid absorbed per mg of chitosan in 
the swelling process was between 27 7±2 8 and 67 0±0 7 mg/
mL. Prepared microspheres were characterised in terms of flow 
properties (Hausner ratio between 1 15±0 06 and 1 32±0 07) and 
spray cone angle (22.5˚±0.5–28.3˚±0.9). QbD approach coupling 
formulation, process and administration parameters enabled 
optimisation of DH deposition profile reaching tremendously 
high percent of the applied dose deposited in the olfactory region 
(13 9±1 9–65 5±0 2%)  

 

 

Statistical design enabled rational preparation of spray dried DH/C/M microspheres that 
showed favourable swelling and sprayability properties. Nasal deposition studies revealed the 
potential of strategy employed to deliver drug to the targeted regions of nasal cavity. 

References: 
1. Agrawal M, et al. J. Control. Release. 2018. 281:139-177 
2. Giuliani A, et al. Drug Deliv. 2018. 25:376-378 
 
 

Statistical design enabled rational preparation of spray dried 
DH/C/M microspheres that showed favourable swelling and 
sprayability properties  Nasal deposition studies revealed the 
potential of strategy employed to deliver drug to the targeted 
regions of nasal cavity 
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Introduction
The mitochondrial oxidative phosphorylation (OXPHOS) system 
provides the vast majority of cellular ATP  Malfunction of this 
system is associated with a variety of disorders ranging from fatal 
encephalomyopathies of early childhood (e g , Leigh disease) to 
severe diseases of adulthood (e g , Alzheimer’s, Parkinson’s)  The 
OXPHOS system consists of five enzyme complexes to convert 
energy obtained via the oxidation of various nutrients into ATP  
Most patients with a OXPHOS dysfunction harbour a defect 
in the first complex (CI) of this system. CI oxidizes NADH to 
NAD+ and dysfunction leads to oxidative stress and is associated 
with an ATP shortage  Thus far, efforts to develop a treatment for 
human CI deficiency mainly focused on antioxidants. Recently, a 
dramatic reduction of glycerol-3-phosphate (G3P) levels in brain 
tissue of CI-deficient (Ndufs4-/-) mice was observed and we 
have shown that addition of G3P to permeabilized muscle fibers 
from these mice fully restored oxygen consumption 

Aims
We propose a novel approach which involves the introduction 
of a lipophilic prodrug of G3P to activate the G3P shuttle, thus 
promoting the transfer of reducing equivalents from cytosolic 
NADH to mitochondrial ubiquinone (Q), while simultaneously 
reducing increased cellular NADH levels 

Methods
The relevance of the G3P shuttle in CI deficiency will be 
investigated using CI-deficient murine embryonic fibroblasts. 
Next, G3P prodrug variants will be synthesized and effects on 
NAD(P)H levels will be investigated in patient-derived CI-
deficient cells and chemically-induced CI-inhibited HeLa cells. 
Moreover, intracellular G3P levels will be determined in C2C12 
myoblasts after exposure to G3P prodrugs 

Results 
We observed a significant 2.7-fold increase in maximal mGPDH 
activity in a homogenate of mouse embryonic fibroblasts (MEFs) 
from Ndufs4-/- mice as compared to wildtype control  Moreover, 
three G3P prodrugs were synthesized and one significantly 
attenuated NAD(P)H levels in CI-deficient cells.

Conclusions
Our result supports the notion that this pathway is indeed 
used as a compensatory pathway in CI-deficiency, and G3P 
prodrug exposure seems to further enhance this compensatory 
beneficial mechanism. Next, the most effective G3P prodrug 
will be investigated in the Ndufs4-/- mice for its in vivo efficacy. 
To conclude, our approach may eventually provide a novel 
therapeutic avenue for CI-deficiency.
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Eliciting preferences about future Alzheimer’s disease-
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Background
Alzheimer’s disease (AD) is a chronic disease and has the highest 
mortality rate and negative effects on the quality of life of the 
caregivers  Furthermore, disease-modifying treatments are very 
limited  To adapt the development of future treatments to the 
patients’ needs, it is imperative to understand people’s benefit-
risk trade-offs 

Aims
Our first aim is to determine the trade-offs that people living with 
memory problems, caregivers, and the general public are willing 
to accept among the benefits and risks of hypothetical treatments 
for AD  Secondly, to assess to what extent these trade-offs 
depend on sociodemographic factors and people’s beliefs about 
the benefits, harms, and overuse of medicines (BMQ scales).

Methods
We conducted a cross-sectional web-based survey study among 
people living in the United Kingdom . The outcomes were the 
moderate and severe side effect risks that participants were 
maximally willing to accept for a 2-years increase in the time 
until the disease progresses from the early memory and thinking 
problems stage to a stage where additional care is needed  
These maximum acceptable risks (MARs) were elicited using 
a thresholding exercise, resulting in a six-level ordinal MAR 
scale for each side effect  Associations between the MAR and the 
sociodemographic factors and BMQ scales were assessed using 
unadjusted ordinal logistic regression  

Results
There were 3658 complete responses (554 people with memory 
problems, 2079 caregivers, 1025 general population)  Median 
age was 64 (interquartile range (IQR) 55-70), 74% were females, 
70% were higher educated, and 22% lived alone  Median brain 
health was 80% (visual scale 0 to 100%, IQR 70-90), 6% needed 
help with daily activities, and 28% responded incorrectly to at 
least one word of a memory exercise  The elicited MAR for the 
moderate side effect was high and had a bimodal distribution; 
25% of people had a MAR= 40-50% and 26% of the people had 
a MAR ≥80%. For the severe side effect, patients were willing 
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to accept lower risks, with an outstanding group (43% of people) 
having a MAR ≤20%. Various factors influenced the MAR 
(Figure 1) 

 

 

sociodemographic factors and BMQ scales were assessed using unadjusted ordinal logistic 
regression.  
 
Results 
There were 3658 complete responses (554 people with memory problems, 2079 caregivers, 
1025 general population). Median age was 64 (interquartile range (IQR) 55-70), 74% were 
females, 70% were higher educated, and 22% lived alone. Median brain health was 80% (visual 
scale 0 to 100%, IQR 70-90), 6% needed help with daily activities, and 28% responded 
incorrectly to at least one word of a memory exercise. The elicited MAR for the moderate side 
effect was high and had a bimodal distribution; 25% of people had a MAR= 40-50% and 26% 
of the people had a MAR ≥80%. For the severe side effect, patients were willing to accept lower 
risks, with an outstanding group (43% of people) having a MAR ≤20%. Various factors 
influenced the MAR (Figure 1). 
 
 

 
 
Conclusions 
Our findings show that when evaluating the benefit-risk balance of AD modifying treatments it 
is important to acknowledge the heterogeneity in the risks that people are willing to accept for 
a given improvement in efficacy. In addition, these trade-offs depend on sociodemographic 
factors and general beliefs about medicines. 

Conclusions
Our findings show that when evaluating the benefit-risk balance 
of AD modifying treatments it is important to acknowledge the 
heterogeneity in the risks that people are willing to accept for 
a given improvement in efficacy. In addition, these trade-offs 
depend on sociodemographic factors and general beliefs about 
medicines 
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Introduction
Recently, lumasiran for the treatment of primary hyperoxaluria 
type 1 has been authorized as an orphan medicine  Orphan 
medicines are usually higher priced than non-orphan medicines 
which may be justified by investments that must be recouped 
by sales to small patient populations  High prices that exceed 
national reimbursement thresholds and the often inevitable 
paucity of effectiveness data are a growing challenge to our care 
system 

Objectives
As a case study, we aimed to calculate cost-based pricing 
scenarios for lumasiran using pricing models containing both 
cost- and value-based elements 

Methods
Minimum and maximum pricing scenarios were calculated 
using the: Novel Cancer Pricing Model (NCPM), AIM Model 
for Innovative Medicines (AIMM), and Discounted Cash Flow 
Model (DCFM)  These models include parameters of prevalence, 
cost of research and development (R&D), and the value-based 
aspect of clinical benefit. Models vary, for example by using 
lump sum or actual costs, a market share, or discounting  Data 
was gathered from US Security and Exchange Committee filings, 
scientific literature, disease register, Dutch public ledgers, 
and expert opinion  A sensitivity analysis was performed to 
investigate the largest influence factors.

Results
When comparing the preliminary outcomes of the pricing 
models, prices ranging from EUR 98k-282k were observed with 
all models  According to the sensitivity analysis, R&D costs have 
the biggest influence in the AIMM and NCPM, whereas this is 
the cost of capital in the DCFM 

Conclusions
Price ranges show that it remains challenging to estimate a fixed 
price  Fair pricing models may be used to create substantiated 
benchmarks and thus provide a stronger position in negotiations  
In addition to this, cost-based pricing models may be used to 
justify prices exceeding national thresholds  Transparency on 
costs and further research on the implementation of pricing 
models is necessary 

ABS 88098323
The contribution of real-world data to support efficacy and 
effectiveness in EMA regulatory decision-making 
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3Dutch Medicines Evaluation Board (MEB), Utrecht, The 
Netherlands, 4Scientific Advice Working Party of the European 
Medicines Agency, Amsterdam, The Netherlands

Real-world data (RWD) has the potential to provide insightful 
information on the clinical effects of medicines to guide regulatory 
decisions  Whilst its contribution has been recognized for safety 
monitoring and disease epidemiology across medicines’ life 
cycle, the use of RWD to demonstrate efficacy requires further 
evaluation1 

Aims
1) To characterize RWD used by applicants to support efficacy 
claims on medicines as part of initial marketing authorisation 
applications (MAAs) and extension of indication applications 
(EoIs) and 2) to analyse the contribution of RWD to regulatory 
decision-making on medicines’ benefit-risk profile.

Methods
Appraisals of the RWD by the Committee of Medicinal Products 
for Human Use were described and, when applicable, the 
relation to scientific advice given prior to the MAA/EoI on the 
use of the RWD was investigated  From the Flynn et al  (2022) 
study2, we selected those MAAs/EoIs submitted to the European 
Medicines Agency (EMA) in 2018-2019 that contained RWD 
supporting efficacy claims pre-authorisation or monitoring 
efficacy/effectiveness post-authorisation. An in-depth analysis 
was performed to determine the factual contribution of the RWD 
to medicines’ benefit-risk evaluation using assessment reports 
available at EMA  

Results / Conclusions
In 29 of the 63 MAAs (46%) and 14 of 28 EoIs (50%) identified 
by Flynn et al. (2022), RWD was included to support efficacy. 
In 15 (52%) and 10 (71%) MAAs and EoIs respectively, it was 
included in the pre-authorisation package  Several cases could 
be identified where pre-authorisation RWD was considered 
contributory to the regulatory decision, i.e., in five MAAs 
(33%) and five EoIs (50%). In six (40%) and four (27%) MAAs, 
and four (40%) and one (10%) of EoIs, the RWD was not 
considered adequate or was not addressed at all, respectively  
Commonly mentioned limitations were missing data, lack 
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of representativeness, small sample size, lack of an adequate 
or pre-specified analysis plan, and the risk of several types of 
confounding and bias  Due to the differences in purpose and 
data source of the RWD in applications, the appraisal of RWD 
still requires a case-by-case analysis  As all data sources come 
with their own limitations, it is important to be aware of such 
limitations when planning a RWD study, and to interact with 
regulators at an early stage 
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Introduction
Advanced Therapy Medicinal Products (ATMPs) are a class 
of innovative medicinal products in Europe formally defined 
as somatic cell therapy, gene therapy and tissue-engineered 
products  So far, ATMPs target high unmet need and/or orphan 
diseases  Currently, 12 of the ATMPs that have received market 
approval by the European Medicines Agency (EMA) until 
December 2021 remain available in Europe  This seemingly low 
number is in contrast with the high number of ATMPs in clinical 
development  

Objectives
The objective of this study is to reconstruct and visualize the 
lifecycle, including regulatory activities and interactions, of the 
ATMPs that have applied for centralized market approval in 
Europe until December 2021 

Methods
A retrospective review of meeting reports of the EMA’s 
Committee for Advanced Therapies (CAT) was conducted 
until December 2021  CAT meeting reports describe regulatory 
activities on a European level and are publicly available on the 
EMA website  All product characteristics and regulatory activities 
(e.g., classification procedures, (draft) opinions and variations to 
marketing authorisations) were extracted using a data extraction 
form and categorized per product 

Table 1. Characteristics of the ATMPs for which EMA centralized 
market approval was requested

Characteristic Positive (n=20) Negative (n=4) Withdrawn (n=8) 
Classification 
Cell 3 (15%) 2 (50%) 1 (13%) 
Gene 13 (65%) 2 (50%) 4 (50%) 
Tissue 4 (20%) 0 3 (38%) 
Orphan status 15 (75%) 4 (100%) 3 (38%) 
Market approval 
Standard 12 (60%) N/A N/A 
Conditional 6 (30%) N/A N/A 
Exceptional 2 (10%) N/A N/A 
Opinion adopted by 
Consensus 11 (55%) 3 (75%) N/A 
Majority 9 (45%) 1 (25%) N/A 

 
Results 
We identified 32 requests for EMA centralized market approval for 28 ATMPs. Of these, 20 (63%) 
received a positive opinion (twice for the same ATMP), 4 (13%) negative and 8 (25%) were 
withdrawn by the company. Table 1 describes product characteristics. For 19 approved ATMPs, we 
identified 110 positive draft opinions about type II variations, which, as defined by the European 
Commission, is a major variation that may have a significant impact on the quality, safety or efficacy 
of a medicinal product. Overall, we identified that of 535 products discussed, 484 were classified as an 
ATMP. Also, 506 scientific advice procedures about ATMPs were performed. Since 2016, for 105 
ATMPs eligibility was requested to the EMA’s PRIority MEdicines (PRIME) scheme for enhanced 
development support. Of these, 46 (44%) were granted. 
 
Conclusion 
Although few ATMPs have achieved EMA market approval, regulatory activity is high. Further 
visualization of regulatory activities for ATMP in Europe will be the first comprehensive effort in its 
kind. This will facilitate increased learning about the introduction and fit of these innovative medical 
products in the existing regulatory framework. 

Results
We identified 32 requests for EMA centralized market approval 
for 28 ATMPs  Of these, 20 (63%) received a positive opinion 
(twice for the same ATMP), 4 (13%) negative and 8 (25%) 
were withdrawn by the company  Table 1 describes product 
characteristics. For 19 approved ATMPs, we identified 110 
positive draft opinions about type II variations, which, as defined 
by the European Commission, is a major variation that may 
have a significant impact on the quality, safety or efficacy of a 
medicinal product. Overall, we identified that of 535 products 
discussed, 484 were classified as an ATMP. Also, 506 scientific 
advice procedures about ATMPs were performed  Since 2016, 
for 105 ATMPs eligibility was requested to the EMA’s PRIority 
MEdicines (PRIME) scheme for enhanced development support  
Of these, 46 (44%) were granted 

Conclusion
Although few ATMPs have achieved EMA market approval, 
regulatory activity is high  Further visualization of regulatory 
activities for ATMP in Europe will be the first comprehensive 
effort in its kind  This will facilitate increased learning about the 
introduction and fit of these innovative medical products in the 
existing regulatory framework 

ABS 88268171
Design and optimization of in situ gelling eye drops containing 
dexamethasone-cyclodextrin complex
 
B  Szalai1, M. Budai-Szűcs1, O  Jójárt-Laczkovich1

1Institute of Pharmaceutical Technology and Regulatory Affairs, 
University of Szeged, Szeged, Hungary

Introduction
Eye drops are commonly used for the treatment of ocular diseases  
The complex elimination mechanisms of the eye cause poor 
bioavailability of this route of administration  Dexamethasone 
(DXM) is frequently used to treat non-infectious inflammatory 
ocular diseases  The low water-solubility and penetration ability 
of dexamethasone decrease its biological effectiveness 

Objectives
This work aims to formulate in situ gelling mucoadhesive 
eye drops containing dexamethasone-cyclodextrin complex 
to improve the residence time and the solubility of the active 
pharmaceutical ingredient  The concept of the design space was 
adapted in our development; therefore a 33 full factorial design 
was applied 

Methods
For the formulation of in situ gelling eye drops, Poloxamer 407 
was used, and 2 mucoadhesive polymers were combined with 
it. HPβCD was chosen for the complexation of DXM. The 
independent factors of the factorial design were the concentrations 
of the 3 polymers  Gelling properties of the formulations, 
mucoadhesivity and in vitro drug release were examined 
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Results
Formulations with a gelling temperature above room temperature 
but under body temperature and with rapid gelation are desired  
The gelling temperature and the gelling time of the samples 
ranged from 23 to 37ºC and from 0 to 7 min , respectively  Most 
formulations exhibited adequate mucoadhesive properties 
Considerably higher amount of DXM was released from the 
gels than from a DXM suspension  Furthermore, the dissolution 
wasn’t complete after 6 h, and the dissolution curves suggested 
that more DXM might have dissolved over a longer period 

Conclusion
In conclusion, we have managed to formulate in situ gelling 
mucoadhesive eye drops containing DXM-cyclodextrin complex  
The eye drops had proper gelling properties and mucoadhesivity 
due to the 3 polymers  The gels displayed better in vitro drug 
release properties than the DXM suspension while providing 
prolonged dissolution 
These results may be promising in formulating ocular in situ 
gels with prolonged residence time due to their mucoadhesive 
properties, thus increasing the bioavailability of eye drops 
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Urate transporters may contribute to variable cardiovascular 
outcomes of xanthine oxidase inhibitors
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Center, The Netherlands; 4Applied Stem Cell Technologies. 
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Introduction
Xanthine oxidase inhibitors febuxostat and allopurinol may 
alter urate transporter function as an off-target effect  We 
hypothesize that this action contributes to their different impact 
on cardiovascular mortality (CARES trial, 2018) 

Objectives
Consequently, we explored urate transporters gene expression 
in endothelial cells and tested the hypothesis that febuxostat 
and allopurinol differently affect endothelial urate uptake and 
transcription of urate transporter genes 

Methods
First, we explored gene expression of a panel of urate transporter 
genes (NPT1, OAT1, OAT3, NADC3, GLUT9, MRP4, BCRP 
and URAT1) in isolated human umbilical vein endothelial cells 
(HUVEC; 4 donors) and in endothelial cells isolated from human 
aorta (HAEC; 3 donors) using GAPDH mRNA as an internal 
reference  Next, cultured HUVEC (6 donors) were studied 
for the effect of allopurinol and febuxostat on urate transport 
(intracellular urate concentration as measured with LCMSMS, 
normalized to protein concentration and expressed as percentage 
difference with intracellular urate in absence of drug) and gene 
expression of transporters (mRNA, qPCR) after standardized 
exposure to urate in medium 

Results
HUVEC and HAEC significantly expressed GLUT9, MRP4 and 
BRCRP, and showed a similar profile of expression. Allopurinol 
(20 and 40 µM) did not significantly affect urate transport or gene 
expression. In contrast, 10 and 20 µM febuxostat significantly 
increased intracellular urate concentration by (median) 32% 
(range: 0-42%) and 75% (21-111%) during exposure to 100 
µM urate, respectively (p=0 006, Friedman’s ANOVA), and by 
62% (23-98%) and 88% (58-150%) during exposure to 350 µM 
urate, respectively (p=0.002). Allopurinol did not significantly 
change mRNA expression of the three transporters  In contrast, 
febuxostat (20 µM) significantly increased GLUT9 (p=0.038) 
and reduced MRP4 (p=0.013) but did not significantly affect 
BCRP mRNA expression 

Conclusion
Febuxostat increased endothelial uptake of urate, increased 
gene expression of influx transporter GLUT9 and reduced gene 
expression of efflux transporter MRP4. Allopurinol did not 
affect urate transport or gene expression under the experimental 
condition  This action of febuxostat could contribute to the 
higher cardiovascular mortality for febuxostat as compared with 
allopurinol treatment of patients with gout 
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ABS 88010912
ABCB1 limits brain exposure of the KRASG12C inhibitor 
sotorasib, whereas ABCB1, CYP3A, and possibly OATP1a/1b 
restrict its oral availability
 
Nancy H C  Loos1, Irene A  Retmana1,2, Wenlong Li1, Margarida 
L F  Martins1, Maria C  Lebre1, Rolf W  Sparidans2, Jos H  
Beijnen1,3,4, Alfred H  Schinkel1

1The Netherlands Cancer Institute, Division of Pharmacology, 
Amsterdam, The Netherlands
2Utrecht University, Faculty of Science, Department of 
Pharmaceutical Sciences, Division of Pharmacology, Utrecht, 
The Netherlands 
3Utrecht University, Faculty of Science, Department of 
Pharmaceutical Sciences, Division of Pharmacoepidemiology 
and Clinical Pharmacology, Utrecht, The Netherlands
4The Netherlands Cancer Institute, Division of Pharmacy and 
Pharmacology, Amsterdam, The Netherlands

Sotorasib (LumakrasTM) is the first FDA-approved KRASG12C 
inhibitor for treatment of patients with non-small cell lung 
cancer (NSCLC) containing this specific mutation in the KRAS 
protein 1,2 However, some pharmacokinetic data for this drug 
are still lacking, especially regarding the tissue distribution 

Aims
We want to gain more insight into the impact of the efflux 
transporters ABCB1 and ABCG2, the uptake transporters 
OATP1a/1b, and the drug-metabolizing enzyme CYP3A on the 
pharmacokinetics and tissue distribution of sotorasib 

Methods
Using in vitro transwell assays and genetically modified mouse 
models, we studied the influence of the efflux transporters 
ABCB1 and ABCG2, the OATP1a/1b uptake transporters, and 
the CYP3A drug-metabolizing enzyme complex on the plasma 
pharmacokinetics and tissue distribution of oral sotorasib 

Results / Conclusions
In vitro, sotorasib was found to be a very potent substrate for 
human ABCB1 and a modest substrate for mouse Abcg2, but not 
for human ABCG2  In vivo, the brain-to-plasma ratio of sotorasib 
(40 mg/kg) was highly increased in Abcb1a/1b-/- (5 9-fold) and 
Abcb1a/1b;Abcg2-/- (7 6-fold) compared to wild-type mice, but 
not in single Abcg2-/- mice  By coadministering elacridar, an 
ABCB1/ABCG2 inhibitor, with sotorasib the brain penetration 
could be significantly increased by 7.5-fold, approaching the 
levels observed in Abcb1a/1b-deficient mice. We did not observe 
any CNS toxicity upon boosting the sotorasib exposure  In the 
Oatp1a/1b-deficient mice we observed a 2-fold reduction in liver 
disposition compared to wild-type mice, but there was no impact 
of these uptake transporters on the plasma exposure to sotorasib  
The plasma exposure was limited by mouse Cyp3a and human 
CYP3A4, since the Cmax and AUC0-4h in Cyp3a-/- mice was 
significantly increased, respectively 1.6- and 2.5-fold, compared to 
wild-type mice, whereas these pharmacokinetic parameters were 
strongly decreased in Cyp3aXAV mice (transgenic overexpression 
of human CYP3A4 in liver and intestine) by respectively 1 8- and 
3 9-fold  Collectively, the oral availability of sotorasib is strongly 
restricted by ABCB1 and CYP3A, and possibly also by Oatp1a/b  
These insights could be useful for the further optimization of the 
safety and efficacy of sotorasib in clinical use. 
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1  FDA  Lumakras (sotorasib): US prescribing information (2021)  

Available at: https://www accessdata fda gov/drugsatfda_docs/
label/2021/214665s000lbl pdf 
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The influence of the pharmacokinetic processes on the oral 
availability of TPX0131 in vivo.
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TPX-0131 is an ALK inhibitor that entered clinical trials in 2021 
for non-small lung cancer (NSCLC) patients with a secondary 
drug resistance mutation in the ALK-EML4 fusion protein. At the 
moment, pharmacokinetic data are lacking for this compound  

Aims
We want to gain more insight into the impact of the efflux 
transporters ABCB1 and ABCG2, the uptake transporters 
OATP1, and the drug metabolizing enzyme CYP3A on the 
pharmacokinetics and tissue distribution of TPX0131 

Methods
With the use of a transmembrane in vitro transport assay, the 
potency of human ABCB1, human ABCG2 and murine Abcg2 
to transport TPX0131 will be evaluated  In vivo, the effect of 
ABCB1, ABCG2, OATP1 and CYP3A on the bioavailability 
and tissue distribution of TPX0131 will be assessed  Different 
knock-out and transgenic mouse models will be used for this 
purpose  Patients suffering from NSCLC often develop brain 
metastases  Therefore, the penetration of TPX0131 into the brain 
is important to evaluate  The plasma concentration and tissue-to-
plasma ratio in the different knock-out and transgenic mice will 
be compared to wild-type mice, after oral administration of 10 
mg/kg TPX0131  In this way, the effect of the Abcb1a/b, Abcg2 
and Oatp1a/b transporters and the Cyp3a enzyme on the tissue 
distribution and plasma levels of TPX0131 can be determined 

Conclusions
These results could be beneficial for the further optimization of 
the safety and efficacy of TPX-0131 in clinical use.

References
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Introduction
Sotalol is a non-selective β-adrenoceptor antagonist with class 
III antiarrhythmic properties. It is used as first-line treatment of 
fetal tachycardia during pregnancy  Due to ethical restrictions 
and limited translational value of animal data, data concerning 
the placental transport and fetal exposure of sotalol is scarce  
Nevertheless, information on the placental transport is crucial 
to predict the fetal exposure and drug efficacy. Ex vivo human 
cotyledon perfusion experiments can be used to assess the 
placental transfer  By combining this with physiologically-based 
pharmacokinetic (PBPK) modeling, predicting an optimal dosing 
regimen, in which both maternal and fetal drug exposure are 
considered  

Objective
To determine placental toxicity of sotalol and to gain more insight 
in the placental transfer and fetal exposure of sotalol  

Methods
Human choriocarcinoma (BeWo) cells were exposed to sotalol 
for 24 hours in a concentration range (0 1 - 250 µg/mL) to 
investigate potential placental drug toxicity  Crystal violet assay 
was performed to measure cell viability and LC-MS/MS analysis 
for progesterone production  Ex vivo dual-side human cotyledon 
perfusions were conducted in closed-closed setting  Healthy term 
human placenta tissue was perfused for 3 hours with 1000 ng/mL 
sotalol in the maternal perfusate (Krebs-Henseleit buffer).

Results
None of the drug concentrations affected BeWo cell viability or 
progesterone production significantly. After 3 hours of perfusion 
the maternal perfusate concentration decreased from 1123 to 289 
ng/mL (a decrease of 74%)  The fetal perfusate concentration of 
sotalol increased to 76 ng/mL  

Conclusion
Sotalol demonstrated no placental drug toxicity of or interference 
with the progesterone production by BeWo cells, at clinically 
relevant concentrations  The placental transfer of sotalol from the 
maternal to fetal perfusate was limited (<10%)  In future research 
these data can be used in combination with PBPK modeling to 
predict fetal exposure over time and to optimize drug dosing   

ABS 88082074
Experimental setup for ex vivo evaluation of statin effects on 
human myocardial tissue
 
M C M  Janssen1,2, T  Somers1,2,3, S  Siddiqi2,3, F G M  Russel1,2, 
W J  Morshuis3, T J J  Schirris1,2

1Dept. of Pharmacology and Toxicology, Radboud Institute for 
Molecular Life Sciences, Radboud University Medical Center, 
Nijmegen, The Netherlands; 2Radboud Center for Mitochondrial 
Medicine, Radboud University Medical Center, Nijmegen, 
The Netherlands; 3Dept. of Cardiothoracic Surgery, Radboud 
University Medical Center, Nijmegen, The Netherlands.

Introduction
Statins are commonly prescribed drugs to reduce blood low-
density lipoprotein cholesterol levels, which drastically decreases 
the risk of major cardiovascular events  Consequently, they are 
the cornerstone of cardiovascular disease treatment regiments  
Despite being generally well-tolerated, muscle complaints are 
observed in 7-29 percent of all statin-users  Various underlying 
mechanisms for the statin-associated muscle symptoms have 
been suggested, including mitochondrial dysfunction in skeletal 
muscles  In contrast to the effect in skeletal muscle, both negative 
as well as beneficial effects on cardiac muscle health have been 
observed, but the results remain largely equivocal  

Objective
Differences in statin-associated modifications between muscular 
phenotypes and the various statin-related pathways involved 
in cardiac health, emphasize the need for further examination 
of the relationship between cardiac muscle function and statin 
treatment  Therefore, we aim to examine the net effect of statins 
on human myocardial tissue function using an ex vivo analysis 
of myocardium contractile and metabolic function from patients 
using statins and control subjects 

Methods
Right atrial trabeculae are harvested from adult patients 
undergoing elective cardiac surgery and placed on modified 
Tyrode’s solution  From each specimen, two atrial trabeculae 
samples are dissected and attached to the force transducers  
Contractile function of the trabeculae is recorded, and 
contractile kinetic parameters are analysed  Subsequently, 
oxygen consumption rates are determined in atrial as well as 
skeletal muscle (i e , pectoral muscle)  Furthermore, tissue statin 
concentrations are measured using LC-MS/MS 

Results
The current experimental setup is able to accurately assess 
myocardium contractile function and oxygen consumption rates  
We have currently started the enrolment of patients in our study, 
and will be able to present initial results  

Conclusion
Ex vivo analysis of the contractile function of human myocardium 
allows us to gain insight into the net effect of statin treatment 
on the cardiac muscle function  Our results will contribute to a 
more contemplated clinical application of statins to patients with 
a compromised heart function, as well as to the knowledge on 
the balance between beneficial and harmful effects of statins in 
cardiac muscle 
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Introduction
The mitochondrial phosphorylation system (OXPHOS) is the 
main cellular energy production site  Consequently, dysfunction 
of the first multiprotein OXPHOS complex (complex I, CI), has 
been associated with multiple common as well as rare inherited 
diseases, including Leigh syndrome  So far, no effective 
treatment for CI-deficiency has been identified. CI-deficiency 
causes several cellular changes including increased NAD(P)
H levels, resulting in an impaired redox state  Restoration of 
NAD(P)H levels could be a potential novel therapeutic approach 
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in CI deficiency. Previously, we have shown that stimulation of 
the cellular cholesterol efflux could improve the impaired redox 
state in CI deficiency via increased cholesterol biosynthesis, a 
process that requires a high NAD(P)H consumption 

Objectives
Current pharmacological strategies to increase the expression 
of the cholesterol efflux transporters, ATP-binding cassette 
transporter (ABC)A1 and ABCG1, rely on the activation of the 
nuclear receptors that induce their expression (e.g., PPARα and 
LXRα), but their stimulation is associated with adverse effects. 
Therefore, we aimed to identify novel inducers of cholesterol 
efflux by screening 1,280 pharmacologically active compounds 
and to determine their effect on cellular NAD(P)H levels in CI-
dysfunction  

Methods
A NBD-labeled cholesterol efflux assay was used to screen 1,280 
compounds from the  LOPAC®1280 library  Chemically (i e , 
using pericidin A) induced CI-impaired HeLa cells were used to 
study the effect of the most promising cholesterol efflux inducers 
on cellular NAD(P)H levels  The NAD(P)H levels were measured 
using fluorescent microscopy, based on autofluorescence. 

Results
Seven compounds, including idarubicin, leukadherin-1, 
topotecan, AS-252424, SU-5416, SB-334867, and suramin 
significantly increased cellular cholesterol efflux ranging 
between 300% ± 30% and 740 ± 40% compared to 170 ± 20% in 
the control samples  Currently, we are investigating the effects on 
cellular NAD(P)H levels of the ten most promising compounds 
in CI-deficient HeLa cells.

Conclusion 
We have identified the ability of seven compounds to induce 
cellular cholesterol efflux. Further studies are though needed to 
confirm the potential of these compounds as cholesterol efflux 
inducers, and their therapeutic potential in mitochondrial disease 

References
1. Distelmaier F, Koopman WJ, van den Heuvel LP, Rodenburg RJ, 

Mayatepek E, Willems PH, et al. Mitochondrial complex I deficiency: 
from organelle dysfunction to clinical disease  Brain : a journal of 
neurology  2009;132(Pt 4):833-42   

ABS 88083340
Statins decrease cardiomyocyte viability and mitochondrial 
function via intracellular acidification
 
T  Somers1,2,3, S  Siddiqi1,3, F G M  Russel2,3, W J  Morshuis1, 
T J J  Schirris2,3

1Dept. of Cardio-Thoracic Surgery, 2Department of Pharmacology 
and Toxicology, 3Radboud Center for Mitochondrial Medicine, 
Radboud University Medical Center, Nijmegen, The Netherlands

Introduction
Cholesterol-lowering statins have proven to significantly reduce 
major cardiovascular events and are used by 180 million patients 
worldwide  Musculoskeletal complaints are experienced by 
7–29% of all users and associated with decreased mitochondrial 
function  Cardiomyopathy has not been described for statins, 
probably due to a much higher mitochondrial content compared 
to skeletal muscle  However, statins are usually taken lifelong 
and as mitochondrial function reduces with age, cardiac tissue 
may also become susceptible to side effects in elderly 

Objectives
We aimed to investigate the metabolic effects of statins on 
induced pluripotent stem cell (iPSC)-derived cardiomyocytes 
(CMs) 

Methods
CM viability, intracellular pH, mitochondrial morphology and 
membrane potential were determined using high-throughput 
microscopy after 48h exposure to 0 3-100 µM of the acid and 
lactone form of various commonly used statins  Next, oxygen 
consumption (OCR) and extracellular acidification rates (ECAR) 
were determined using the Seahorse XF-96 Flux Analyzer 

Results
All statins decreased cell viability dose-dependently, most 
prominently by simvastatin lactone (99 9±0 5%, mean±SEM, 
p<0 0001 at 100 µM) and most potently by cerivastatin acid (IC50-
value of 3 6 µM (95%-CI 0 1 - 206 0))  All statins decreased both 
ECAR and OCR, again most strongly by simvastatin lactone, 
which declined basal and maximal respiration by 53±11% 
(p<0 05) and 80±8% (p<0 01), respectively  Statins increased the 
intracellular acidification up to 52±9% (p<0.05). Finally, statins 
reduced mitochondrial membrane potential by 22±14% (p=0 28) 

Conclusion
Statins decrease CM viability at higher concentrations 
and probably decrease mitochondrial respiratory capacity, 
extracellular acidification and membrane potential via an 
increased intracellular acidification. These results may have 
clinical implications for patients with a decreased mitochondrial 
capacity, where low statin concentrations in the therapeutic range 
could be harmful  Our results shed new light on possible effects 
of statins on cardiac tissue  Future studies should investigate 
whether this could aid a more personalized statin treatment 
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Introduction
Mitochondrial dysfunction is an underestimated cause of drug-
induced kidney injury  Transport proteins in the mitochondrial 
inner membrane form a significant class of potential drug off-
targets, as these account for approximately five percent of 
the mitochondrial proteome  So far, most transporter-drug 
interactions have been reported for the mitochondrial ADP/ATP 
carrier (AAC), which mediates the exchange of cytosolic ADP 
for mitochondrial ATP  

Objectives
As it remains unknown to what extent mitochondrial carriers, and 
AAC in particular, contribute to adverse drug effects, we aimed 
to investigate its role in drug-induced mitochondrial toxicity in 
vitro in human proximal tubular cells 
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CRISPR/Cas9 was applied to generate AAC3-/- human 
conditionally immortalized renal proximal tubule epithelial cells  
Mitochondria were isolated to study functional AAC-mediated 
ATP and ADP transport  Cells were exposed to the AAC 
inhibitors bongkrekic acid, carboxyatractyloside, suramin and 
CD437 (0 1-100 µM), after which effects on respiratory capacity 
was assessed using various substrate conditions  Additionally, 
mitochondrial morphology and function were studied by 
fluorescence microscopy (TMRM) and citrate synthase (CS) 
activity 

Results
Two AAC3-/- clones were successfully generated and showed 
residual ADP import rate of 55±7% and 33±8% (mean±SEM, 
p<0 05) and ATP export rate of 71±10% (p=0 062) and 54±11% 
(p<0 05)  Compared to WT, AAC3-/- clones showed a reduced 
ATP production rate and oxygen consumption, particularly 
metabolic spare capacity was affected  All AAC inhibitors, 
except for suramin, reduced basal and maximal respiration, 
compared to vehicle  Additionally, CS activity was reduced in 
AAC3-/-, without influencing overall mitochondrial morphology.

Conclusion
In conclusion, (genetic) mitochondrial AAC inhibition mainly 
impacts renal cell metabolic spare capacity, which may especially 
impair renal function under energy-demanding conditions  Our 
generated model is a unique and valuable tool to investigate 
the role of AAC in adverse drug effects. Our findings highlight 
mitochondrial transport proteins as a yet largely unexplored class 
of potential drug off-targets  However,  further research should 
elucidate exact mechanisms of AAC-mediated toxicity  

ABS 88086158
The inhibitory effect of statins on monocarboxylate 
transporter 1

B  Popal1,3, T  Somers1,2,3, F G M  Russel1,3, J.B. Koenderink1, 
J J M W  van den Heuvel1, T J J Schirris1,3

1Dept. of Pharmacology and Toxicology, Radboud Institute 
for Molecular Life Sciences, Radboud University Medical 
Center, Nijmegen, The Netherlands; 2Dept. of Cardio-thoracic 
Surgery, Radboud University Medical Center, Nijmegen, The 
Netherlands; 3Radboud Center for Mitochondrial Medicine, 
Radboud University Medical Center, Nijmegen, The Netherlands.

Background
Statin-induced myopathy (SIM) is a frequently observed adverse 
effect and the most common cause of discontinuation  The 
molecular mechanism behind SIM is not clearly understood 
although metabolic dysfunction is expected to play a pivotal 
role  In this respect, monocarboxylate transporters (MCTs) 
inhibition has been indicated as a potential off-target underlying 
SIM  Mechanistically, this is mainly based on the role of MCT 
transporters, and MCT1, as they are responsible for the lactic 
acid efflux over the plasma membrane and their inhibition may 
then result in intracellular acidification, causing muscle fatigue. 
However, the exact molecular mechanisms underlying statin 
induced MCT inhibition remain unknown 

Objectives
The main objective of this study is to design a transport assay to 
study lactic acid transport by MCT subtype 1, and to study the 
interaction between lactic acid, statins and MCT1 by mutating 
structurally relevant residues of the binding pocket 

Methods
Human embryonic kidney cells (HEK293) were cultured and 
transduced with baculovirus containing expression vectors 
inserted with wildtype (WT) or mutant (L155P, L281P, F367C 
and F367Y) MCT1. As an expression-control group, HEK 
cells were transduced with enhanced yellow fluorescent protein 
(EYFP)-inserted vectors  Different concentrations of virus and 
butyrate were used for the transduction process  Western blotting 
was performed for confirmation of overexpression. Transport of 
lactic acid was measured using radioactive ([14C]) L-lactic acid 
with a liquid scintillation counter. Both influx and efflux transport 
assays were performed under acidic (pH 4 8) and neutral (pH 7 4) 
conditions  

Results
Western blotting of membrane fractions confirmed MCT1-
overexpression but also endogenous MCT1 expression  L-lactic 
acid influx as well as efflux assays showed no significant 
difference between control and WT-MCT1-overexpressed cells 

Conclusion
No conclusions can be made as no significant difference in 
transport is observed. Western blotting confirmed overexpression 
of MCT1. However, as no significant transport is measured, 
these western blot results may suggest a dysfunctional protein 
expression  As studies have shown that proper MCT1 cell surface 
expression requires a chaperone protein basigin (CD147)1, a co-
expression of CD147 with MCT1 will also be included in this 
study  

References
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A  (2000)  CD147 is tightly associated with lactate transporters MCT1 
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ABS 88095458
The role of MRP4 in cholestasis and the effect of V950I 
mutation.
 
J  Chen1, J  van den Heuvel1, E A  Ferreira2, M  Langeveld3, J  
B. Koenderink1

1Dept. of Pharmacology-Toxicology, Radboudumc, Nijmegen, 
The Netherlands 2Dept. of Paediatric Pulmonology, Amsterdam 
University Medical Centre, Amsterdam, The Netherlands   3Dept. 
of endocrinology, Amsterdam University Medical Centre, 
Amsterdam, The Netherlands

A patient who experienced cholestasis when using certain 
medications was checked for known mutations affiliated with 
cholestasis. One mutation was identified in the patient’s ABCC4 
gene, which encodes for the multidrug resistance protein 4 
(MRP4) transporter  The MRP4 transporter is located on the 
basolateral membrane in the hepatocytes, thus transporting 
substrates from hepatocyte to blood  In a study by M  Rius et 
al , it was found that the compensatory function of MRP4 is the 
basolateral transport of bile salts; however, this has not been 
confirmed by other studies. Thus the precise compensatory 
function of MRP4 remains unknown  A hypothesis is that MRP4 
is not functional for bile salt transport but for other substrates  
Consequently, the transport of other substrates decreases the 
workload for other bile salt transporters, such as the multidrug 
resistance protein 2 (MRP2) and bile salt export pump (BSEP)  
The previously mentioned mutation in the MRP4 transporter 
may cause a dysfunctionality, causing an accumulation of these 
substrates that might inhibit the other bile salt transporters  
This causes reduced transport of bile salts, therefore causing 
cholestasis  
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Aim
The main aim of this study is to determine and compare the 
functionality of MRP4 wild type (WT) and MRP4 V950I  
Furthermore, the compounds present in the medications causing 
cholestasis will be tested for inhibition on MRP4 and for the 
known bile salt transporters such as MRP2, BSEP and MRP3 

Methods
The amino acid change V950I was introduced in the 
MRP4 gene via mutagenesis  Both WT and V950I proteins 
were overexpressed in HEK293 cells using recombinant 
baculoviruses  WT and mutant MRP4 activity and kinetics 
were measured by incubating isolated membrane vesicles with 
radiolabeled dehydroandrosterone sulphate (DHEAS) and 
radiolabeled taurocholic acid (TCA)  The other transporters’ 
inhibition is determined by measuring the corresponding 
radiolabeled substrates in the absence or presence of the 
cholestasis causing compounds 

Results / Conclusions
We have determined activity in the MRP4 WT and mutant 
vesicles through DHEAS transport  Incubation time and 
Michaelis Menten curve have been determined  There have 
not been any differences between DHEAS and TCA transport 
between WT and mutant  Upcoming experiments will determine 
how the used medications will affect the transport activity of 
MRP4 WT and mutant 
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Initiating the re-evaluation of dexamethasone dosing during 
pregnancy

Niki M  van Elst1, Joyce E M  van der Heijden1, Hedwig van 
Hove1, Petra van den Broek1, Joris van Drongelen2, Angela 
Colbers3, Saskia N  de Wildt1,4,5, Rick Greupink1 
1Department of Pharmacology & Toxicology, 2Department 
of Obstetrics and Gynaecology, 3Department of Pharmacy, 
4Department for Intensive Care, Radboud university medical 
center, Nijmegen, The Netherlands, 5Intensive Care and 
Pediatric Surgery, Erasmus university medical center, 
Rotterdam, The Netherlands

Introduction
Dexamethasone is standard care for women at risk for preterm 
delivery in Europe, to accelerate fetal lung maturity and 
prevent respiratory distress syndrome  There are concerns 
about potential adverse effects of dexamethasone on fetal 
neurodevelopment  Dexamethasone during pregnancy is given 
off-label and therefore dosing regimens remain unoptimized  
Optimal dosing should decrease the risk of adverse effects on 

fetal development without losing efficacy of the treatment. 

Objectives
Gain insight in fetal exposure during maternal dexamethasone 
treatment and potential placental toxicity  Determine if the 
current dosing regimen should be reconsidered 

Methods
Human choriocarcinoma (BeWo) cells were exposed to 
dexamethasone (1 96-9811 5 ng/mL) for 24h to determine 
possible cytotoxic effects by assessing the cell viability and 
progesterone production. Crizotinib (100 μM), a known 
trophoblast toxicant, was used as positive control  The placental 
transfer of dexamethasone was determined by performing an 
ex vivo dual-side perfused isolated cotyledon study in closed-
closed setting in human term placentas. Using a Krebs-
Henseleit buffer supplemented with 70 ng/mL dexamethasone, 
the placental tissue was perfused for 3 hours  Placental transfer 
was determined by measuring the dexamethasone concentration 
in maternal and fetal buffer over time via LC-MS/MS 

Results
None of the studied dexamethasone concentrations showed 
significant effects on BeWo cell viability or progesterone 
production  The maternal dexamethasone start concentration 
of 70 ng/mL decreased to 17 8 ±1 6 ng/mL after 3 hours of 
perfusion  Dexamethasone concentration in the fetal buffer 
increased over time to 10 1 ±1 3 ng/mL, thus a placental 
passage of 13 9 ± 0 1%  Since not all added dexamethasone 
was recovered from the buffers, dexamethasone accumulation 
in placental tissue may have occurred 

Conclusion
Dexamethasone showed no toxicity on BeWo cells in common 
therapeutic concentrations  The ex vivo placenta perfusion 
shows high placental passage of dexamethasone  Outcomes of 
these experiments can be used to predict fetal exposure with 
physiologically-based pharmacokinetic modeling  Predicted 
exposure can be compared to the fetal plasma concentration 
threshold for inducing fetal lung maturation (1 ng/mL), after 
which dose re-evaluation can be conducted  Due to the high 
placental passage it is expected that the current dosing regimen 
can be optimized 

ABS 88099292
Early experiences in adjuvant treatment of melanoma: Real 
world data on tolerability, safety and efficacy

S A  van Laar1, K.B. Gombert-Handoko1, H.W. Kapiteijn2, H J  
Guchelaar1, J  Zwaveling1

1Dept  of Clinical Pharmacy, Leiden University Medical Center, 
Leiden, The Netherlands
2Dept  of Clinical Pharmacy, Leiden University Medical Center, 
Leiden, The Netherlands

Introduction
Nivolumab, pembrolizumab, and dabrafenib plus trametinib 
are recently registered as adjuvant melanoma treatments  
Randomized controlled trial results may not fully represent the 
benefits and risks of treatments in clinical practice. 

Objectives
The aim of this study was to review our experiences on 
tolerability, safety and efficacy in patients treated for adjuvant 
melanoma 

Methods
Adult melanoma patients receiving adjuvant treatment between 
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January 2019 and October 2021 in the Leiden University Medical 
Center, The Netherlands, were included  We retrospectively 
identified patients and collected data from electronic health 
records with text-mining software  

Results
We included 122 patients: 55 patients treated with nivolumab 
(N), 48 with pembrolizumab (P), and 20 with dabrafenib plus 
trametinib (D+T). We found a significant difference in the reason 
to end treatment (P-value = 0 0238): 48 (39%) patients completed 
their scheduled treatment (N: 22 (40%), P: 20 (42%), D+T: 6 
(30%)); 20 (16%) patients had treatment-limiting toxicity (N: 9 
(16%), P: 3 (6%), D+T: 8 (40%)), and recurrence was treatment-
limiting in 28 (23%) patients (N: 15 (27%), P: 12 (25%), D+T: 
1 (5%))  Treatment-limiting toxicity from D+T was primarily 
a combination of adverse events (AEs) including pyrexia and 
fatigue, which are mainly reversible  Most treatment-limiting 
AEs from immunotherapy were immune-related  The 1-year 
recurrence probability was 70 3% (95% CI: 58 1–85 0) with 
nivolumab, 72 4% (95% CI: 60–87 3) with pembrolizumab, and 
83 0% (95% CI: 67 1–100) with D+T 

Conclusions 
Immunotherapy was better tolerated than D+T, comparable to 
data from trials. Specifically for BRAF+-patients, physicians 
must weigh the higher risk of reversible treatment-limiting AEs 
of D+T against the risk of long-term immune-related AEs  For 
conclusions on efficacy, a longer follow-up period is needed.

ABS 88058233
A systematic literature review of physiologically based 
lactational models for exogenous compounds

I R  Dubbelboer1, L  le Roux-Pullen1, R  Gehring1

1Utrecht University, IRAS Veterinary and Comparative 
Pharmacology, Faculty of Veterinary Medicine, Department of 
Population Health Sciences, Utrecht, Netherlands

Introduction
Milk is a source of energy and macronutrients  All mammals 
produce milk to provide nutrition and immune protection to 
their young immediately after birth, and the physiology of milk 
production is similar in all mammals 1 Milk from farm animals 
is an important source of nutrition worldwide, also for young 
growing children 2 Breastfeeding is strongly recommended by 
WHO, stating that “Breastmilk is the ideal food for infants ”3
Unfortunately, milk can also be a source of neonatal exposure 
to xenobiotics, such as pharmaceutical compounds or 
environmental pollutants  These molecules are passed from 
the blood across the mammary epithelial blood-milk barrier to 
the milk  Milk is an elimination route and it follows that milk 
can be a source of secondary exposure to the offspring and 
other consumers of dairy products  However, experimental and 
clinical studies to assess the risk of exposure to xenobiotics are 
difficult to conduct and costly.4 Physiologically based kinetic 
(PBK) modelling is an alternative risk assessment tool. PBK 
models can predict the compound excretion to milk for humans 
and farm animals 

Aims
Published lactation PBK models were evaluated on the 
compound, target species and description of lactation processes  

Methods
Initially, PBK lactational models were selected from PubMed, 
WebOfKnowlegde and Scopus on Feb 17 2022. Only models 
in English and with full-text available were included  Models 
were also found through citations in initially identified papers. 
Models that were described as “physiologically based” and 
included one physiologically based and a “rest of body” 
compartment, were only included when the mammary gland 
was described in detail 

Results and Conclusions
More than 30 papers were included in the systematic review  
These described the lactational disposition of pharmaceutical 
and toxicologic compounds in humans, rodents and farm 
animals  The lactational compartment(s) were most often 
described as perfusion limited  Milk as elimination route was 
frequently used 
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