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Grant Vision: Kidney Regeneration

→ organ replacement

- dialysis can bridge the time to transplant

- high demand / low supply

→ in vitro models

- personalized drug development

- nephrotoxicity testing



I. C. S. Reference Library Arithmetic, Mensuaration, Principles of Mechanics

Homer W.Smith, From Fish to Philosopher, 1953

The kidney - as complex as a watch



The kidney / watch – easy to destroy



The kidney / watch – easy to destroy, hard to put back together



Richard Feynman

Re-creating kidneys will help us understand them.



Two modes of creating kidney tissue in vitro:

Directed Differentiation

Direct Reprogramming



Induced pluripotent stem cells (iPS-cells)

iPS-Cell

Cell. 2006 Aug 25;126(4):663-76.

Shinya Yamanaka



iPS-Cell

Takasato et al., Nature 2015

Morizane et al., Nat. Biotech 2015

Directed differentiation – iPS-cells to kidney organoids



Commonly used protocols for iPSC differentiation

Kaminski et al., 2017, Cell Tiss Research 



iPSC derived kidney organoids

Takasato et al., Nature 2015



Bioreactor based organoid culture

Przepiorski A et al., Stem Cell Reports, 2018

- Increased organoid production efficiency

(1000 organoids in 125 ml)

- Low cost of reagents

- Higher robustness / less variability



Refined organoid induction protocols

Howden A et al., Stem Cell and Tiss Repair, 2020



How similar are organoids to the real thing?

Wu et al., CJASN 2020
Takasato et al., Nature 2015



How similar are organoids to the real thing?

Wu et al., Cell Stem Cell 2018 Geuens T, NPJ Regen Med 2020



iPS-Cell

Directed differentiation - iPS-cells to kidney organoids



iPS-Cell

Direct reprogramming



Direct reprogramming - Vision



Direct reprogramming to kidney cells

Kaminski et al., Nat Cell Bio, 2016

??



Mouse model / screen for reprogramming factors

Kaminski et al., Nat Cell Bio, 2016



induced renal tubular epithelial cells (iRECs) have epithelial

characteristics

iRECsMEFs

Kaminski et al., Nat Cell Bio, 2016



iRECs form polarized spheres in 3D-culture

Kaminski et al., Nat Cell Bio, 2016



iRECs have ultrastructural features of tubule cells

Kaminski et al., Nat Cell Bio, 2016



RNA profiling of iRECs – similar to primary tubules

CellNet based analysis of conversion efficiency

Kaminski et al., Nat Cell Bio, 2016



iRECs have endocytotic activity

Kaminski et al., Nat Cell Bio, 2016



iRECs respond to nephrotoxic challenge

Kaminski et al., Nat Cell Bio, 2016



iRECs integrate into reaggregated kidneys

Kaminski et al., Nat Cell Bio, 2016



iRECs repopulate decellularized kidneys

Kaminski et al., Nat Cell Bio, 2016



iRECs represent multiple tubule segments

Kaminski et al., Nat Cell Bio, 2016



Reprogramming of human fibroblasts (h-iRECs)

Kaminski et al., Nat Cell Bio, 2016



Bioprinting renal tubules

PrinterMicroscope

camera

Kollaboration IMTEK, Uni Freiburg, 

Peter Koltay, Stefan Zimmermann, Kevin Tröndle Tröndle, et al. Biofabrication, 2021



Conclusions

• Regenerative Nephrology is a field of active research

• iPSC based kidney organoids 

• Replicate embryonic renal development

• Contain all major cell types of the kidney

• Issues of maturity and vascularization remain to be solved

• Direct reprogramming to renal tubular epithelial-like cells (iRECs)

• Omits prior pluripotency

• Generates primarily tubular cells that replicate tubule formation in vitro

• Issues of segment specificity and optimal culture environments remain to be

solved

• Dialysis / Transplants are unlikely to be replaced anytime soon
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HNF4A confers proximal segment identity

Kaminski et al., Nat Cell Bio, 2016



HNF4A confers proximal segment identity

Kaminski et al., Nat Cell Bio, 2016


