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Research at experimental pharmacology 

•  Tools for novel therapeutic strategies to 

increase organ function during disease 

 

 

 

•  Gain insight in processes that determine 

renal excretion of metabolic wastes and 

drugs to develop interventions at end stage 

kidney disease 

 



Kidneys  

Regulate: 

Body fluid volume 
Blood pressure 
pH (acid-base 
homeostasis) 

Osmolarity 

Hormone 
secretion/regulation: 

Erythropoietin 
Calcitriol 

RAAS 
Vitamin D 

Excretion 

Metabolic waste 

Exogenous substances  

Nutrient reabsorption 

tubular cell 

The kidney and its functions 
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Renal drug handling: translational challenges 

Artwork ‘Youngman’ by Tim Noble 
and Sue Webster, 2012  



Jansen, K., Pou Casellas, C., et al.  
Drug Discovery Today 2020 

Humans are animals, but are animals human enough? 

• Allometric scaling is suitable for prediction of human renal drug clearance 
(CLr) 
 
 
 
 
 
 
 
 
 
 

 
• The average CLr of a diverse set of 20 drugs scales to the 3/4 power of body 

mass 



Humans are animals, but are animals human enough? 
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Humans are animals, but are animals human enough? 

• Rat models should be used with caution for drug disposition studies 

• Meta-analyses of (pre)clinical data can reduce PK animal experiments 



Faria, J., Ahmed, S. et al. Arch. Toxicol. 2019 

Renal drug handling: predictional challenges 

•  Increasing complexity 

reduces reproducibility and 

through-put analysis 

 

•  Increasing complexity 

increases predictivity and 

physiological relevance, but 

also costs and manipulation 

 



A C

B D

Advanced in vitro models: bioengineered kidney tubules 



Conditionally Immortalized Proximal Tubular Epithelial Cell (ciPTEC) 

Wilmer et al. Cell Tissue Research 2010 

 Immortalization: 

 1. SV40T tsA58 U19 

 2. hTERT 

Bioengineering kidney tubules 



11 

L-Dopa 

Coated membrane 

Uncoated membrane 

      

Collagen IV 

Schophuizen, et al., Acta Biomaterialia, 2015 Ni, et al., Biomaterials, 2011 

Bioengineering kidney tubules: membranes 



Optimized 
coating with Coll 
IV and L- Dopa* 
 

ZO-1   
Nucleus 
 
 
 
  
 
 
 
  
 

OCT2 

Bioengineering kidney tubules 

Jansen, J.,  et al., Sci. Rep. 2015 



Bioengineered kidney tubules 



Jansen, J., et al., Sci. Rep. 2015 

Functional imaging of bioengineered kidney tubules 



ASP+ 

ASP+ +  

UT mix*  

ASP+ +  

Cimetidine*  

Functional imaging of bioengineered kidney tubules 

Jansen, J., et al., Sci. Rep. 2015 



Bioengineered kidney tubules in microfluidics 



Meijers & Evenepoel, NDT. 2011; Dou & Burtey, Kidney Int. 2016   

Indoxyl Sulfate 

Bioengineered kidney tubules: indoxyl sulfate excretion  

 



Indoxyl Sulfate 
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Jansen ,J., Fedecostante, M., et al. Sci. Rep. 2016  

Bioengineered kidney tubules: indoxyl sulfate excretion  

 



Awasthi and Saraswathi, RSC Adv., 2016 

Bioengineered kidney tubules: indoxyl sulfate excretion  

 



Free IS 

CKD-HSA IS 

HSA IS 

Van der Made, T., et al. Mol. Pharm. 2019  

Bioengineered kidney tubules: indoxyl sulfate excretion  

 



Free IS CKD-HSA IS HSA IS 

Albumin supports renal secretion of drugs and metabolic wastes 

Van der Made, T., et al. Mol. Pharm. 2019  

Free IS CKD-IS HSA-IS 

Km (µM) 29.3 5.4 1.4 

CLint,u (μL/min/106 cells) 0.90 5.1 33.7 

Bioengineered kidney tubules: indoxyl sulfate excretion  

 



 



Bioengineered intestinal tubules 

Main small intestinal  
cell types present 

Villi-like formation 

Epithelial barrier 



DAPI (blauw) 
MUC2 (groen) 
ZO-1 (rood) 

Bioengineered intestinal tubules 



Differentiation 

ZO-1 (red) 
Tight junctions 

Mucin-2 (green) 
Goblet cells 

Lysozyme (red) 
Paneth Cells 

LGR-5 (green) 
Stem cells 



Caco-2 cells cultured on 3-dimensional hollow fiber membranes showed: 
- Formation of a barrier including a tight junction network 
- Possitive staining for goblet cell associated-mucin-2 and Paneth cell 

associated-defensin 5 
- Formation of villi-like structures 

Caco-2 cells cultured on 3-dimensional hollow fiber membranes showed: 
- Formation of a barrier including a tight junction network 
- Possitive staining for goblet cell associated-mucin-2 and Paneth cell 

associated-defensin 5 
- Formation of villi-like structures 

Caco-2 cells cultured on 3-dimensional hollow fiber membranes showed: 
- Formation of a barrier including a tight junction network 
- Possitive staining for goblet cell associated-mucin-2 and Paneth cell 

associated-defensin 5 
- Formation of villi-like structures 

Bioengineered intestinal tubules 



• Bioengineereed kidney proximal tubules recapitulate key 

epithelial features, suitable for renal physiology, 

pharmacology and quantitative assessment of tubular 

transport and mechanistic studies  

• Similar approaches are used for intestinal, bile duct and liver 

tissue 

 

Conclusions 



Utrecht-Advanced In Vitro Models Hub 



• Many new, innovative in vitro models have significant potential to better 

predict human or animal physiology thereby replacing animal 

experimentation, but… 

• development often stops after establishment due to:  

 - lack of interest for implementation 

 - lack of knowledge on validation 

 - lack of funding 

 

Utrecht-Advanced In Vitro Models Hub 



• Aims to be a leading centre of expertise on development  of in vitro 
models for diagnostics, models of disease, models for compound 
screening (chemical, pharmaceutical, food) and safety testing.  
 

• Is a one-stop shop where high potential in vitro models are being 
developed, validated and transferred to industries and regulatory bodies. 
 

• Facilitates multidisciplinary collaborations between academia, research 
institutes and industry, health care foundations and regulators. 
 

Creating a center of expertise in Utrecht (U-AIM) for validation and 
valorization of advanced in vitro models with a strong focus on alternatives 

for animal experimentation is thus a timely investment.  

Utrecht-Advanced In Vitro Models Hub 
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A validated hum an renal proxim al tubule cell line  

w ith stable organic anion t ransporter  expression  

predict ive for drug- induced nephrotoxicity 

T.T.G. Nieskens1, J.G.P. Peters1, T. van der Made1, M.J. Schreurs1, R. Masereeuw2, M.J. Wilmer1 

 
1Dept Pharmacology and Toxicology, Radboud university medical center, Nijmegen, The Netherlands 

2Div. Pharmacology, Utrecht Institute for Pharmaceutical Sciences, Utrecht, The Netherlands 
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This project  aim s to establish a hum an- derived in vit ro m odel for  screening of drug- induced 

nephrotoxicity and drug- drug interact ions, using condit ionally im m ortalized proxim al tubule 

epithelial cells ( ciPTEC)  w ith stable expression of organic anion t ransporter 1  and 3  

Tom.Nieskens@radboudumc.nl 
 
 
 

CONCLUSI ON 

Hum an- derived ciPTEC- OAT1  and ciPTEC- OAT3  are prom ising tools to predict  DDI  and 

drug- induced nephrotoxicity of organic anionic com pounds during the preclinical 

phases of drug developm ent , as w as dem onstrated here using m odel com pounds. 
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The kidney is a target organ for drug-
induced nephrotoxicity, which is often 
only recognized when drug development 
reaches clinical stages. This emphasizes 
the poor predictive value of currently 
available in vit ro assays for drug-
induced nephrotoxicity and underscores 
the need for better human kidney 
models.  
Therefore, renal conditionally 
immortalized proximal tubule epithelial 
cells (ciPTEC)1 were transduced with 
vectors containing human organic anion 
transporter 1 (SLC22A6, OAT1) or 3 
(SLC22A8, OAT3). Subsequently, cells 
were selected for OAT activity using 
FACS, evaluating uptake of fluorescent 
OAT-substrate fluorescein and finally 
subcloned, resulting in ciPTEC-OAT1 and 
ciPTEC-OAT3.  
Model anionic drugs, known to interact 
on OATs, were used to validate the cell 
model for drug-drug interaction studies 
and drug-induced toxicity.  

Anionic drugs reported to interact with OATs (para-aminohippuric 
acid, estrone sulfate, probenecid) inhibit OAT-mediated 
fluorescein accumulation (1 µM, 10 min) in ciPTEC-OAT1 or 
ciPTEC-OAT3. The organic cation metformin did not. 

1M.J. Wilmer et. al., ‘Novel conditionally immortalized human proximal tubule cell 
line expressing functional influx and efflux transporters’, Cell Tissue Res 3 3 9 : p449–
457 (2010) 

Viability by MTT assay Fluorescein uptake inhibit ion 
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IC50= 
18±4 µM 

IC50= 
152±3 µM 

IC50= 
54±13 µM 

IC50= 
2.1±0.3 µM 

IC50= 
12.7±0.5 µM 

IC50= 
1.9±0.6 µM 

IC50= 
23±4 µM 

IC50= 
71±34 µM 

IC50= 
242±8 µM 

IC50=14±4 

IC50, 72 h = 
69±2 µM 

IC50, 72 h = 
223±67 µM 

IC50, 72 h = 
230±37 µM 

Fluorescein accum ulat ion 

Since antivirals (1 mM, 
48 h) only reduce 
viability of ciPTEC-OAT1, 
antiviral toxicity is OAT-
mediated. In ciPTEC-
OAT3, DDI is less 
pronounced and cells are 
therefore less sensitive 
to toxic antivirals  
compared to ciPTEC-
OAT1. 

Viability by MTT assay 

Fluorescein accumulation (10 min) 
resulted in affinity of:  

ciPTEC- OAT1  ciPTEC- OAT3  

Km  = 0.8±0.1 µM Km  = 3.7±0.5 µM 

In addition, m RNA expression as 
fraction of human kidney tissue is 

ciPTEC- OAT1  ciPTEC- OAT3  

1.0±0.1  0.2±0.01 

Fluorescein uptake inhibit ion 

Exposing transduced ciPTEC-OAT1/3 to 
OAT-substrate fluorescein (1 µM, 10 min) 
followed by FACS allows for selection of 
fluorescein and OAT-positive cells.  

Joachim Jankowski 

Vera Jankowski 
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