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Introduction: Interactions between single nucleotide polymorphisms (SNP) and sex hormone
pathways involved in the onset and progression of metabolic dysfunction-associated steatotic
liver disease (MASLD) have previously been reported. One SNP that is involved in MASLD,
GCKR 1rs1260326:C>T, has varying effects on MASLD pathogenesis in a metabolism-dependent
manner. Given that sex-specific differences in metabolism are largely mediated by estrogen
receptor-0, we hypothesized that hepatic dysfunction due to the GCKR risk allele may be
influenced by estradiol stimulation. Therefore, in this study, we investigated the interaction
between hepatic metabolism, the GCKR risk allele, and estradiol stimulation using a human liver
organoid (HLO) model derived from isogenic induced pluripotent cell (iPSC) lines.

Methods: An iPSC line with GCKR rs1260326:C/C genotype was gene-edited to create isogenic
cell lines with non-risk CC and risk TT genotypes. iPSCs were differentiated into posterior
foregut cells and then into HLOs using the protocol outlined by Shinozawa 2021. Two assays
were preformed using mature HLOs around day 30: an estradiol-17p (E2) dose dependency
study (0, 1, 10 nM) and a lipid loading study (baseline, 300 uM oleic acid, 1000 nM E2, and
oleic acid + E2). After 48 hours of stimulation, HLOs were lysed for RNA extraction. Extracted
RNA was then used to generate cDNA. Quantitative PCR on generated cDNA was used to assess
expression of fatty acid oxidation and lipogenesis targets. Live cell staining was used to
qualitatively assess lipid accumulation in the lipid loading study.
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Results: In the E2 dose-dependency study, several fatty acid oxidation (PPARa, CPT1a) and
lipogenesis (SREBF1c, FASN) genes increased proportional to E2 stimulation. In the lipid
loading study, CC organoids generally expressed higher levels of fatty acid oxidation and
lipogenesis targets than TT organoids. Furthermore, E2 exposure primed GCKR CC, but not TT,
organoids to increased expression of fatty acid oxidation and lipogenesis genes. Furthermore, CC
organoids displayed a reactive change in lipid accumulation upon E2 stimulation, whereas TT
organoids lacked a similar response to E2 stimulation.

Conclusion: While estradiol proportionally increases both fatty acid anabolic and catabolic
pathways in the non-risk condition, the lipid loading study suggests that GCKR TT reduced the
plasticity of the liver metabolic response to estradiol stimulation when compared to GCKR CC.
These results indicate the complex interplay among estradiol stimulation, genetics, and hepatic
metabolism using iPSC-derived HLOs. Further studies are needed to explore the molecular
mechanisms by which estradiol-induced metabolic responses can be modified by GCKR
genotype.
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