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Research at experimental pharmacology

* Tools for novel therapeutic strategies to
increase organ function during disease

e @Gain insight in processes that determine
renal excretion of metabolic wastes and
drugs to develop interventions at end stage

kidney disease
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The kidney and its functions
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Renal drug handling: translational challenges

Artwork ‘Youngman’ by Tim Noble

Sy
and Sue Webster, 2012
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Humans are animals, but are animals human enough?

e Allometric scaling is suitable for prediction of human renal drug clearance

(CLr)
extracted calculated calculated Cg:ecru!i?'tegd
per study F per study F per drug F category
Y Fold Average
uman Error (FE) FE+SD Average
MD +
Animal Fold Average 95% ClI
Error (FE) FE £ SD
extracted calculated Lcalculated calculated
per study per study per drug per drug

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

» Jansen, K., Pou Casellas, C., et al.
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Humans are animals, but are animals human enough?
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Humans are animals, but are animals human enough?

A l B : C
D E
F Net Filtration Net Secretion

* Rat models should be used with caution for drug disposition studies
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 Meta-analyses of (pre)clinical data can reduce PK animal experiments
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Renal drug handling: predictional challenges

v

2D Culture 2.5D Culture 3_D CuItu.re SDSC(;,:fI‘::Il;re MICS?E:!:I:_S‘?VIce
Primary cells Co-culture Organoids (ESC/iPS/ASC) ECM 2 id fl 1
Cell lines ECM ECM - Auldies
Fluid flow 3D Culture
Level of complexity
Increased predictivity
Accessibility Physiological relevance
Easy to handle Heterogenous population

Reproducibility
Genetic manipulation

* Increasing complexity
reduces reproducibility and
through-put analysis

* Increasing complexity
increases predictivity and
physiological relevance, but
also costs and manipulation

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




Advanced in vitro models: bioengineered kidney tubules
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Bioengineering kidney tubules

Conditionally Immortalized Proximal Tubular Epithelial Cell (ciPTEC)

B Immortalization:
1. SV40T tsA58 U19
2. hTERT
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Wilmer et al. Cell Tissue Research 2010




Bioengineering kidney tubules: membranes

Collagen IV Coated membrane

Uncoated membrane
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Bioengineering kidney tubules
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Bioengineered kidney tubules




Functional imaging of bioengineered kidney tubules
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Functional imaging of bioengineered kidney tubules
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Bioengineered kidney tubules in microfluidics
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Bioengineered kidney tubules: indoxyl sulfate excretion

—
@)
0=
OH Indoxyl Sulfate
N\
NH
Food gut lumen blood
Ischemia Impaired
of limb neovascularization
Ay y )
%ATLS Universiteit Utrecht Meijers & Evenepoel, NDT. 2011; Dou & Burtey, Kidney Int. 2016




Bioengineered kidney tubules: indoxyl sulfate excretion
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Jansen ,J., Fedecostante, M., et al. Sci. Rep. 2016




Bioengineered kidney tubules: indoxyl sulfate excretion

Normal Albumin Glycated Albumin
a _
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Bioengineered kidney tubules: indoxyl sulfate excretion

Free IS
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. 0AT1 = Organic anicn transporter 1
. MRP-4 = Multi-resistance protein 4

. BCRP = Breast cancer resistance protein

L_i} CKD-HSA (1 mM)
& HSA {1 mM)

@ 55200 um)

‘ Probenecid (500 uM)
‘ MEST1 (5 uM)

‘ KO143 (5 pM)

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




Bioengineered kidney tubules: indoxyl sulfate excretion

|
Free IS CKD-HSA IS HSA IS
801 60-
$ o 2
8- g B
R B e ¥
SE 3E SE
23 E
EE 55 20- EE
@ E Yo W Demmmmmm=m==" -0 5
T ®m wm w aw
IS (uM) IS (M) IS (uM)
K_ (uM) 29.3
Lintw (HL/min/10° cells) 0.90 5.1 33.7

Albumin supports renal secretion of drugs and metabolic wastes
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Bioengineered intestinal tubules
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Toxicology in Vitro 60 (2019) 1-11

Epithelial barrier

Main Sma” intestinal L SE journal homepage: www.elsevier.com/locate/toxinvit

Contents lists available at ScienceDirect Toxicalogy

Toxicology in Vitro

cell types present

Development and validation of bioengineered intestinal tubules for )

S ] translational research aimed at safety and efficacy testing of drugs and
Villi-like formation nutrients

Paulus G.M. Jochems”, Jeroen van Bergenhenegouwen“"’, Anne Metje van Genderen®,

Sophie T. Eis”, Livia J.F. Wilod Versprille’, Harry J. Wichers, Prescilla V. Jeurink™",
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Bioengineered intestinal tubules

Inulin-FITC leakage
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Conclusions

* Bioengineereed kidney proximal tubules recapitulate key
epithelial features, suitable for renal physiology,

pharmacology and quantitative assessment of tubular

transport and mechanistic studies

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

tissue
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Utrecht-Advanced In Vitro Models Hub
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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
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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.

* |s 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.
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