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Chronic kidney disease



Renal xenobiotic excretion by filtration and secretion

filtration Filtration = fu [Comp]  GFR

secretion

80%

20%
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Davenport. Kidney Int.  2017
Sirich et al. Kidney Int.  2017

Dialysis clearance is limited for protein-bound uremic toxins



Ode to the anglerfish

In the depths of the ocean, where there is no day

A phosphorescent lamp to light his way

He catches and eats all sorts of creatures

And gets rid of wastes with his special features. 

The excretion of toxins is surely a feat

Without a filter, his tubules secrete. 

And dialysis patients are to him beholden

So hail to the angler, may his name be golden 

Renal xenobiotic excretion



tubular cell

Renal xenobiotic excretion



Pathologies
• Renal fibrosis
• Cardiovascular complications
• Cognitive disorders
• …

Classification:
• Small water-soluble compounds (< 500 Da) 
• Middle molecules (> 500 Da)
• Protein-bound compounds

e.g. phenols and indoles

Duranton et al. J Am Soc Nephrol 2012Meijers & Evenepoel. Nephrol. Dial. Transpl.  2011

Chronic kidney disease: uremic toxins

www.uremic-toxins.org/



tubular cell

Renal uremic toxin handling

Masereeuw, et al. Sem. Nephrol, 2014; Jansen, et al., Clin. Sci., 2017



Regenerative medicine



Bioartificial kidney development

Jansen, Fedecostante et al., Biotech. Adv., 2014



Bioartificial kidney



Conditionally Immortalized Proximal Tubular Epithelial Cell (ciPTEC)

A unique human renal cell line: ciPTEC

Wilmer et al. Cell Tissue Research 2010

Immortalization:

1. SV40T tsA58 U19

2. hTERT



tubular cell

Renal xenobiotic transporters for uremic toxins



Proximal tubule cell OCT2 transport

Schophuizen, et al. Pflügers Arch. 2013

OCT2 in ciPTEC
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L-Dopa

Coated membrane

Uncoated membrane

Collagen IV

Schophuizen, et al., Acta Biomaterialia, 2015

Bioartificial kidney development: living membranes



Optimized 
coating with Coll
IV and L- Dopa*

ZO-1 
Nucleus
OCT2

Jansen et al., Sci. Rep. 2015

Bioengineered kidney tubules



PTEC with intact organelle morphology on hollow fibers



Jansen et al., Sci. Rep. 2015

Functional imaging of bioengineered kidney tubules



Functional imaging of bioengineered kidney tubules

ASP+

ASP+ + 

UT mix*

ASP+ + 

Cimetidine*

Jansen et al., Sci. Rep. 2015



Bioengineered kidney tubules for renal excretion



Transepithelial transport of indoxyl sulfate 

Jansen J., Fedecostante M. et al. Sci. Rep. 2016 
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• After optimized coating, ciPTEC can grow on hollow fibers and
remain functional, and allow for kinetic studies

• Investigate (pre-)clinical safety

Biokid-current status and future perspectives



ciPTEC immunogeneic response

Polymer Membrane

Shed Alloantigens
(e.g., cell surface antigen, 
cell component, 
cell-specific secreted protein)

Presentation of
Processed Antigen

Allogeneic
cells

Cytokines

Indirect
Cytokines

Direct

Specific Immune 
Response

Non-specific 
Inflammatory response 

TcR

MHC Class II

B Cells

Host APC

CD4+ T Cell

CD4+ T Cell CD8+ T Cell



ciPTEC immunogeneic response

Mihajlovic M. et al. Sci. Rep. 2017 

PBMC proliferation



Direct ciPTEC-PBMC co-culture: PBMC proliferation

ciPTEC immunogeneic response

Mihajlovic M. et al. Sci. Rep. 2017 



• After optimized coating, ciPTEC can grow on hollow fibers and
remain functional, and allow for kinetic studies

• Proven in vitro safety

• Demonstrating function in upscaled device

Biokid-current status and future perspectives



HFM length: 8.5 ± 0.5 cm

Surface: 4.01 ± 0.25 cm2

Collaboration UTwente

Upscaled BAK modules, ongoing



Blue:  DAPI (Nuclei)
Red: Alexa Fluor 568 (ZO-1)

no cells cells

Collaboration UTwente

Upscaled BAK modules, ongoing

Chevtchik et al., Eur. J. Pharmacol. 2016



Response to LPS and IFN-γ in modules

Collaboration UTwente

IL-6 (~24-25 kDa)

IL-8 (~ 11 kDa)

TNF-alpha (~25-26 kDa)

LPS (~ 10-20 kDa) 

LPS

LPS

LPS

Intraluminal exposure Extraluminal exposure

Upscaled BAK modules, ongoing



Collaboration UTwente

Chevtchik, Mihajlovic et al., in press

Upscaled BAK modules, ongoing

Response to LPS 



• After optimized coating, ciPTEC can grow on hollow fibers and
remain functional, and allow for kinetic studies

• Proven in vitro safety

• Function in upscaled device demonstrated

• Future studies directed towards in vivo safety and efficacy

• Extra-corporal -> implantable

Biokid-current status and future perspectives
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A validated human renal proximal tubule cell line  
with stable organic anion transporter expression  

predictive for drug-induced nephrotoxicity 

T.T.G. Nieskens1, J.G.P. Peters1, T. van der Made1, M.J. Schreurs1, R. Masereeuw2, M.J. Wilmer1 
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This project aims to establish a human-derived in vitro model for screening of drug-induced 
nephrotoxicity and drug-drug interactions, using conditionally immortalized proximal tubule 

epithelial cells (ciPTEC) with stable expression of organic anion transporter 1 and 3 

Tom.Nieskens@radboudumc.nl 
 
 
 

CONCLUSION 

Human-derived ciPTEC-OAT1 and ciPTEC-OAT3 are promising tools to predict DDI and 
drug-induced nephrotoxicity of organic anionic compounds during the preclinical 
phases of drug development, as was demonstrated here using model compounds. 
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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 vitro 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 339: p449–
457 (2010) 

Viability by MTT assay Fluorescein uptake inhibition 
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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 accumulation 

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, mRNA expression as 
fraction of human kidney tissue is 

ciPTEC-OAT1 ciPTEC-OAT3 

1.0±0.1  0.2±0.01 

Fluorescein uptake inhibition 

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.  
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