% Universiteit
4 Leiden
The Netherlands

Human-induced pluripotent stem cell reporters for high-content
screening of stress response activation identifying target organ-
specific toxicities

Danilyuk, T.Y.; Niemeijer, M.C.; Wijaya, L.S.; Snijders, K.; Berk, L. van der; Braak, S.]. ter;
... ; Water, B. van de

Citation

Danilyuk, T. Y., Niemeijer, M. C., Wijaya, L. S., Snijders, K., Berk, L. van der, Braak, S. ].
ter, ... Water, B. van de. (2023). Human-induced pluripotent stem cell reporters for high-
content screening of stress response activation identifying target organ-specific toxicities.
Toxicology Letters, 384, S192. doi:10.1016/S0378-4274(23)00709-9

Version: Publisher's Version
License: Licensed under Article 25fa Copyright Act/Law (Amendment Taverne)
Downloaded from: https://hdl.handle.net/1887/3736341

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:4
https://hdl.handle.net/1887/3736341

Toxicology Letters 384S1 (2023) S75-S307

inflammation and maintains epithelial integrity in SARS-CoV-2-infected primary
human airway epithelia.’ J Allergy Clin Immunol.

Laurén P., Lou Y-R., Raki M., Urtti A., Bergstrom K., Yliperttula M. 2014
‘Technetium-99m-labeled nanofibrillar cellulose hydrogel for in vivo drug
release’. Eur J Pharm Sci.,Dec 18;65:79-88

Heuer, R. A., K. T. Nella, H.-T. Chang, K. Coots, A. Oleksijew, C. Roque, L. H. A.
Silva, T. McGuire, K. Homma and A. J. Matsuoka 2020 ‘Three-Dimensional Otic
Neuronal Progenitor Spheroids Derived from Human Embryonic Stem Cells’
Tissue Engineering Part A.

[3]

[4]

[5] Koivuniemi R., Hakkarainen T., Kiiskinen J., Kosonen M., Vuola J., Valtonen J.,
Luukko K., Kavola H., Yliperttula M. 2019, ‘Clinical Study of Nanofibrillar
Cellulose Hydrogel Dressing for Skin Graft Donor Site Treatment’, Advances in

Wound Care
[6

Koivuniemi, R., Xu, Q., Snirvi, J., Lara-Séez, 1., Merivaara, A., Luukko, K.,
Nuopponen, M., Wang, W., Yliperttula, M. 2021 ‘Comparison of the
Therapeutic Effects of Native and Anionic Nanofibrillar Cellulose Hydrogels
for Full-Thickness Skin Wound Healing’ Micro, 1, 194-214.

https://doi.org/10.1016/S0378-4274(23)00707-5

P16-17
Imaging-based 3D spheroid clearing method
for prediction of cardiotoxicity

J. H. Park, J. M. Lee, S.-H. Park, K.-S. Kim

Korea Institute of Toxicology, R&D center for Advanced
Pharmaceuticals & Evaluation, Daejeon, South Korea

Toxicity prediction and quantitative analysis using spheroids is an at-
tractive research tool, but it is difficult to use for a wide range of
screening because the experimental process of imaging and analysis
is not easy. Moreover, image-based research is difficult to use in a
toxicity prediction model because the interpretation of results may
differ depending on the skill level of the researcher or image resolution.
To overcome this problem, we applied clearing technology to spheroids
to improve the overall image resolution and build an easy platform for
image-based toxicity prediction. We previously produced tissue clear-
ing kits through collaboration with BINAREE KOREA, a bio-venture
company, and entered into a technology use agreement, and addition-
ally established a technology for clearing in iPSC-derived spheroids
that can be used to implement disease models. We proceeded to clear
the iPSC-derived cardiospheroids with an established clearing method,
use pro-BNP as a toxicity marker, implement a 3D bio-image of the
entire cell tissue using a light sheet fluorescence microscope, and ver-
ify the improvement in image resolution. Cardiospheroids treated with
levofloxacin showed weak expression of toxicity markers in the center
of spheroids, and cardiospehroids treated with the cardiotoxic drug
moxifloxacin showed toxicity in the entire spheroid. We previously
verified the toxicity of cardiomyocytes through cardiac-spheroids con-
taining only cardiomyocytes, and has now grafted clearing technology
on more evolved cardiac-organoid models to evaluate toxicity and to
evaluate cellular tissue within cardiac-organoid-derived disease mod-
els. We are continuously conducting research on toxicity evaluation by
realizing the entire 3D bioimage. Through this research, it is expected
that it will be used for the identification of the cause of the disease and
the development of treatment by developing a disease model and pre-
dicting the efficacy and toxic response of new drugs more accurately
and quickly by using the transparency technology for cardiac orga-
noids. Furthermore, we also present the possibility that our protocol
can also be utilized for patient-tailored toxicity prediction evaluation.
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The development and validation of next generation in vitro test systems
to improve the prediction of chemical-induced adversity for specific
target organs is critical. Human-induced pluripotent stem cells (hiP-
SCs) are a valuable source for studying chemical-induced toxicities in
various organ specific cell types while having the same genetic back-
ground. This enables to identify organ specific toxicities during chem-
ical safety screening. The activation of stress response pathways is one
of the early key events leading to organ injury. Monitoring critical
genes within these pathways would both give insight in the mode-of-
action as well as aid in the prediction for liabilities for adverse out-
comes upon exposure. Here, using the CRISPR/Cas9 technology we
have build a reporter panel in hiPSCs in which genes based on tran-
scriptomic analysis for critical stress response pathways were endoge-
nously tagged with eGFP. The hiPSC reporter panel covers inflamma-
tory signalling, DNA damage, ER stress and oxidative stress response
pathways. The activation of stress response pathways was monitored
using live cell confocal imaging upon chemical exposure in multiple
cell types after differentiation (e.g. hepatocyte-like cells, proximal tu-
bular-like cells, cardiomyocytes). Differences in sensitivity towards
chemical exposure between different organ specific cell types could
be observed. To allow to study multi-cellular dependent responses and
the utility of more advanced 3D systems, these reporters can be grown
as organoids for both the liver and kidney. This allows to study cell
specific responses within a multi-cellular environment more recapitu-
lating the in vivo settings. We anticipate that these stress response
hiPSC reporters will aid in improving chemical safety testing allowing
the identification of the mode-of-action as well as specific target organ
or cell specific toxicities.
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