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Chronic kidney disease



Renal xenobiotic excretion by filtration and secretion

filtration Filtration = fu [Comp]  GFR

secretion
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Secretion = fu [Comp]  Vmax/(Km +fu [Comp]) 
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absorption



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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Guanidines inhibit the OCT2 transporters at high 

doses
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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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Th is p r o j ect  a im s t o  est ab l ish  a h u m an - d er iv ed  i n  v i t r o  m odel  f o r  scr een in g  o f  d r u g - in du ced  
n eph r o t ox ici t y  an d  d r u g - d r u g  in t er act ion s, u sin g  con d i t ion al ly  im m or t a l ized  p r ox im al  t u bu le 

ep i t h el ia l  cel ls ( ciPTEC)  w i t h  st ab le ex p r ession  o f  o r gan ic an ion  t r an spor t er  1  an d  3  

Tom.Nieskens@radboudumc.nl 
 
 
 

CONCLUSI ON 

Hu m an - d er iv ed  ciPTEC- OAT1  an d  ciPTEC- OAT3  ar e p r om isin g  t oo ls t o  p r ed ict  DDI  an d  
d r u g - in d u ced  n ep h r o t ox ici t y  o f  o r gan ic an ion ic com pou n ds du r in g  t h e p r ecl in ical  
p h ases o f  d r u g  dev elopm en t , as w as dem on st r at ed  h er e u sin g  m odel  com pou n ds. 
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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 predict ive value of current ly 
available in vit ro assays for drug-
induced nephrotoxicity and underscores 
the need for bet ter human kidney 
models.  
Therefore, renal condit ionally 
immortalized proximal tubule epithelial 
cells (ciPTEC) 1 were t ransduced with 
vectors containing human organic anion 
t ransporter 1 (SLC22A6,  OAT1)  or 3 
(SLC22A8, OAT3) . Subsequent ly, cells 
were selected for OAT act ivity using 
FACS, evaluat ing uptake of fluorescent  
OAT-subst rate fluorescein and finally 
subcloned, result ing in ciPTEC-OAT1 and 
ciPTEC-OAT3.  
Model anionic drugs, known to interact  
on OATs, were used to validate the cell 
model for drug-drug interact ion studies 
and drug- induced toxicity.  

Anionic drugs reported to interact  with OATs (para-am inohippuric 
acid, est rone sulfate, probenecid)  inhibit  OAT-mediated 
fluorescein accumulat ion (1 ÕM, 10 m in)  in ciPTEC-OAT1 or 
ciPTEC-OAT3. The organic cat ion met form in did not . 

1M.J. Wilmer et . al., óNovel condit ionally immortalized human proximal tubule cell 
line expressing funct ional influx and efflux t ransportersô,  Cell Tissue Res 3 3 9 :  p449ï
457 (2010)  

Viab i l i t y  b y  MTT assay  Flu o r escein  u p t ak e in h ib i t ion  
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I C50=  
18Ñ4 ÕM 

I C50=  
152Ñ3 ÕM 

I C50=  
54Ñ13 ÕM 

I C50=  
2.1Ñ0.3 ÕM 

I C50=  
12.7Ñ0.5 ÕM 

I C50=  
1.9Ñ0.6 ÕM 

IC50=  
23Ñ4 ÕM 

IC50=  
71Ñ34 ÕM 

IC50=  
242Ñ8 ÕM 

IC50=14ҕ4 

I C50, 72 h =  
69Ñ2 ÕM 

I C50, 72 h =  
223Ñ67 ÕM 

I C50, 72 h =  
230Ñ37 ÕM 

Flu or escein  accu m u lat ion  

Since ant ivirals (1 m M, 
48 h)  only reduce 
viability of ciPTEC-OAT1, 
ant iviral toxicity is OAT-
mediated. I n ciPTEC-
OAT3, DDI  is less 
pronounced and cells are 
therefore less sensit ive 
to toxic ant ivirals  
compared to ciPTEC-
OAT1. 

Viab i l i t y  b y  MTT assay  

Fluorescein accumulat ion (10 m in)  
resulted in affinity of:   

ciPTEC- OAT1  ciPTEC- OAT3  

Km  =  0.8Ñ0.1 ÕM Km  =  3.7Ñ0.5 ÕM 

I n addit ion, m RNA ex p r ession  as 
fract ion of human kidney t issue is 

ciPTEC- OAT1  ciPTEC- OAT3  

1.0Ñ0.1  0.2Ñ0.01 

Flu o r escein  u p t ak e in h ib i t ion  

Exposing t ransduced ciPTEC-OAT1/ 3 to 
OAT-subst rate fluorescein (1 ÕM, 10 m in)  
followed by FACS allows for select ion of 
fluorescein and OAT-posit ive cells.  
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