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HIGHLIGHTS

• After screenings of different parameters, iPTC were
successfully cultivated on a bioprinted membrane

• HUVECs and iEC adhere and survive in the Nephrobrick

• Nephrobricks can be used independently and for induvidialized
cell types

Induction of acute kidney injury
Acute kidney injury (AKI) is characterized by a sudden loss of
kidney function. Although the majority of the patient recover
temporary after an AKI insult, they are more prone to develop
chronic kidney disease, progressing finally into kidney failure. To
study potential nephroprotectans, different agents were tested on
iPTC to mimic AKI in vitro. Previous experiements within the
Adding C3R-Value project „Microfluidic chip to model
human AKI in vitro“ revealed the non-transferability of common

Membrick – material tests for 3D constructs
The Membrick is a bioprinted 24-well plate-compatible cell
culture platform from Cellbricks GmbH. It combines the ease-of-
use of conventional cell culture inserts (e.g. Transwell®) with the
capability to create completely biological barrier models. With this
membrane made of natural materials, different hydrogels were
first used to find a system that supports endothelia and proximal
tubular cell differentiation and proliferation.

Introduction
The kidney represents the main excretaory organ with additional
endocrine and whole-body homeostatic functions. Within the last
decades the global incidience of kidney failure is dramatically
increasing, impacting mortality and morbidity rates. The single
functional unit of the kidney is called nephron, which consists of a
f i l t ra t ion sect ion and a subsequent tubu lar system

Generation of endothelia and proximal tubular cells
Differentiation of hiPSC into iEC(1):

Differentiation of hiPSC into iPTC(2):

Current goal
Using combined 3D bioprinting and stem
cell technology a vascularized subunit of
the kidney, the proximal tubule (PT), will be
developed. The PT-unit is going to be
vascularized and perfusable and will be
used to test potential nephrotoxins and
protectants. Utilzed cells are generated
from human induced pluripotent stem
cells (hiPSCs).

Figure 3: hiPSC-derived proximal tubular cells (iPTC) and endothelia cells
(iEC) were generated using the in-house generated hiPSC-line BCRTi005A.
1) Patsch et al. 2015 ; 2) Hariharan et al. 2019

Figure 1: A) Kidney cross section, B) Nephron, the functional unit of the
kidney, highlighting the proximal tubule (orange)
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with reabsorption function. Especially
the proximal tubule, major side of
reabsorption, represents a major target
for nephrotoxicity caused by drugs and
chemicals. Thus, the proximal tubule
deserves particular assessment during
the course of drug development.

Figure 2: PT-unit arrangement: proximal tubular cells (blue) and endothelia
cells (red) will be printed in parallel to each other in a 96-well format.
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Figure 4: iPTC on potential hydrogel for 3D-printed proximal tubule.

For 3D-biotprinting of the proximal tubule system, the properties
of the printed hydrogel were first tested in terms of stiffness and
biological composition. While the endothelial cells do not prefer a
specific stiffness of the material, the iPTC require a stiffer
material to adhere and differentiate. By using the Membrick, a
suitable hydrogel composition was found. The biomaterial can be
used to 3D-print the tunnel systems, thus a perfusable renal
system will be printed later in the project to study potential
nephrotoxins and protectants.

Figure 6: Nephrobrick (4x4mm)
– 3D bioprinted channels.

To develop channel structures, the
3D Nephrobrick containing parallel
channels was first developed.
Using the stereolithography-based
bioprinting platform (Cellbricks
GmbH), channels with a diameter
of 500µm were printed. The

distance between
the channels is
20µm. After
seeding the
channel
structures with
HUVECs, it was
shown that the
cells adhere to
the channel wall.
In the next steps
renal cells and
endothelial cells derived from hiPSCs will be printed in parallel to
each other in the Nephrobrick including gelatin and collagen as
BioInk. The printed 3D structures will be perfused, which will
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Figure 7: HUVECs in Nephrobrick channels
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Albumin treatmentCisplatin treatment

Figure 5: Different nephrotoxic reagents were tested to induce AKI. Albumin
and cisplatin treatment resulted in the most reliable dose dependency. Out
of these, albumin showed the best specificity (in comparison: iEC).

Figure 8: iEC 7 days in a Nephrobrick post-seeding. Cell nuclei are labeled
with DAPI

Nephrobrick – 3D bioprinted channels

promote and
stabilize the
printed
vascularized
structures.

in vivo marker
(e.g. KIM-1) to in
vitro systems.
Here, the focus
was directed
towards the cell
viability.


