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A stem cell based cell culture model for
nonalcoholic fatty liver disease

January 25 2021
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In the upper panel, liver biopsies from a healthy (left) donor and an NAFLD
patient (left) are shown. Huge clear vacuoles represent lipid droplets (Wruck et
al, 2017). In the lower panel pictures of in vitro differentiated HLCs without fat
treatment (left) and with fat induction (right) are shown (Graffmann et al, 2020).
Cells were stained with Bodipy (green) to visualize fat and with PLIN2 (red) to
visualize proteins covering the lipid droplets. Credit: Dr. Nina Graffmann,
University Hospital Duesseldorf

Nonalcoholic fatty liver disease (NAFLD) is a widespread condition in
the Western World. Around 30% of the population have lipid droplets
stored in their liver which diminish its function in the long term. Main
causes for NAFLD are our high-caloric diet in combination with a
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sedentary lifestyle. Hitherto, researchers have not fully understood the
cause of this disease and despite the high number of affected
individuals, there is no approved therapy.

In order to improve our understanding of the basic mechanisms
underlying the etiology of NAFLD, Dr. Nina Graffmann, Prof. James
Adjaye and the team of the Institute for Stem Cell research and
Regenerative Medicine from the University Hospital Duesseldorf
differentiated induced pluripotent stem cells (iPSCs) derived from
healthy donors and NAFLD patients into hepatocyte-like cells (HLCs).
The HLCs were stimulated with fatty acids to mimic a scenario where an
individual consumes excess fat in their diet. The lipid droplets produced
in HLCs are akin to lipid droplets seen in the livers of NAFLD patients.

The analysis of fat incorporation was carried out in collaboration with
Prof. Beller of the Systems Biology of Lipid Metabolism
group—Heinrich-Heine-University Duesseldorf, Germany.

The recent publication in Biology Open demonstrates a strong
heterogeneity between cell lines, regarding gene expression and lipid
droplet morphology. The scientists think that this is due to the plethora
of metabolic networks involved in the development of the disease. It also
mirrors the multifaceted, patient-dependent phenotypes which make
NAFLD a highly complex disease as the group has shown in an earlier
study (Wruck et al, 2015). Nonetheless, the scientists could identify gene
expression patterns that correlate with disease severity.

Adiponectin is a molecule synthesized by human fat cells, which has
been shown to positively influence hepatocyte metabolism. In the
institute for Organic Chemistry and Macromolecular Chemistrymof
Heinrich-Heine-University Duesseldorf, Prof. Constantin Czekelius and
his team produced a synthetic analogue called AdipoRon for this study.
AdipoRon has been first used in mice, were it had a significant anti-
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diabetic effect (Okada-Iwabu et al, 2013).

Treating HLCs with AdipoRon again resulted in cell line / genetic
background specific effects. In addition, AdipoRon affected
transcription of genes associated with metabolism, transport, immune
system, cell stress and signaling.

"We could recapitulate important aspects of NAFLD with our stem cell
based cell culture model. We are going to use it for further studies,
because established animal models cannot reproduce the complex human
metabolic pathways involved in the development of the disease,"
explains Dr. Graffmann.

"Once again we have shown that although iPSC- derived hepatocyte-like
cells are immature in nature, i.e. fetal, these cells still have immense
usefulness in their application in drug discovery and for dissecting
disease mechanisms such as NAFLD" says Prof. James Adjaye.

More information: Nina Graffman et al. A stem cell based in vitro
model of NAFLD enables the analysis of patient specific individual
metabolic adaptations in response to a high fat diet and AdipoRon
interference. Biology Open. 2020: bio.biologists.org/content/bio ...
/b10.054189.full.pdf
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