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Positive Allosteric GABAA Receptor Modulation Counteracts Lipotoxicity-

Induced Gene Expression Changes in Hepatocytes In Vitro

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a common

liver disorder characterized by excessive fat accumulation

in the liver. Lipotoxicity, a consequence of the collection of
excess lipids, is one of the primary mechanisms contributing
to NAFLD development. Positive allosteric modulators

of GABAA receptors have been shown to have anti-
inflammatory and anti-oxidative properties and may be a
potential therapeutic target for the treatment of NAFLD. In
this study, we investigated the effect of a positive allosteric
modulator of GABAA receptors on lipotoxicity-induced gene
expression changes in hepatocytes using the InnuPure C16
automated nucleic acid extraction system.

Abstract

Intending to treat non-alcoholic fatty liver disease, we focus
on the positive allosteric modulator of the GABAA receptor,
HK4, which has been seen to have hepatoprotective

effects against lipotoxicity-induced apoptosis, ER stress,
inflammation, and DNA damage in vitro.

In this experiment, HepG2 cells were treated and palmitate
with and without HK4 for 4 hours; total RNA was extracted
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and assessed against the profiles of mMRNAs through the
DAVID database.

Through transcriptomic analysis, the following outcome
came to fruition, some moderations were seen in genes as

a response to palmitate lipotoxic stimulus, with 1457 genes
causing effects on apoptosis, oxidative phosphorylation, ER
stress, and mostly lipid metabolism.But the preincubation
of HK4 restored the initial gene expression pattern of 456
genes by inhibiting the palmitate-induced dysregulation.
Out of the 456 genes, 342 were upregulated and 113
downregulated.

The analysis of HK4 showed different pathways it

targets. Through those pathways, it worked directly with
transcription factors that deal with DNA repair, cell cycle, and
ER Stress which prevent the lipotoxic mechanisms before
the lipotoxic hepatocellular injury. Hence the conclusion
suggests that HK4 can be a tremendous potential treatment
for Non-Alcoholic fatty liver disease (NAFLD).
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Materials and Methods

Samples and reagents Software
= HepG2 cells (Darmstadt, Germany) = |ngenuity Pathway Analysis (IPA, Qiagen)
= Bovine serum albumin-conjugated palmitate (Cayman = DAVID (Database for Annotation, Visualization, and
chemical, Ann Arbor, MI) Integrated Discovery)
= HK4 (Taros Chemicals, Dortmund, Germany) = GraphPad Prism software (Version 8.0.1, San Diego, USA)
= RNA Isolation Kit (Analytik Jena, Jena, Germany) = CLC Genomics Workbench (version 22.0.1, QIAGEN,
= RNA High Sensitivity assay (Thermo Fisher Scientific Inc. Venlo. NL)
Massachusetts, USA)
= Total RNA Standard Sensitivity Assay (Agilent The Workflow
Technologies Inc. Santa Clara, USA). There are two options in treating HepG2 cells: one being
= QuantSeq 3'-mRNA-Seq Library Prep Kit FWD (Lexogen®,  treated with bovine serum albumin-conjugated palmitate
Vienna, Austria) alone or with HK4 up to 30 minutes before exposure for 7
hours.
Instrumentation Innupure C16 using an RNA Isolation Kit, was able to extract
= Innupure C16 (Analytik Jena,Jena, Germany) the 5 total RNA comprising of (untreated, PA, PA + HK4)
= Qubit device (Thermo Fisher Scientific Inc. Massachusetts, from HepG2.
USA)
= (apillary Electrophoreésis (Agilent Technologies Inc. Santa
Clara, USA).

= NextSeq550 system (Illumina Inc. San Diego, USA)

InnuPure C16 touch combines highly precise liquid handling
with automated extraction of high-quality nucleic acids. This
instrument raises the bar when it comes to reliability and
user-friendliness. The well-established walk-away principle
ensures that the entire process is fully automated once the
initial manual loading step is complete.

This feature consistently eliminates potential risks: dedicated
ready-to-use reagent strips and/or plates make pipetting
errors a thing of the past, while 1 mL pipette tips with
aerosol filters effectively prevent contamination of the
dispensing unit and samples. The (optional) UV lamp rules
out additional contamination risks.

The integrated 10" tablet in combination with IPextract
make the InnuPure C16 touch convenient to operate.

Figure 1: Innupure C16 touch

The following step was to measure the quality of the Total RNA samples that were 3'-mRNA seq and quantified by
fluorometric measurement by Qubit device and RNA High sensitivity assay done by capillary electrophoresis.

The sample showed a RNA quality number (RON 10) and satisfied library preparation using QuantSeq 3'-mRNA-Seq Library
Prep Kit FWD; the bead-purified libraries were normalized and sequenced on the NextSeq550 system.

In sequencing, we observed alteration in protein-coding genes; 1457 genes were expressed compared to untreated and PA-
treated hepatocytes, while half of 723 were expressed between PA alone and PA with HK4. On the lower side, 271 genes
were expressed between untreated and PA with HK4, leading to upregulation and downregulation of genes.

The comparison can be seen when 784 untreated and 472 of PA+HK4 were upregulated compared to the PA, while 342
identic and 673 untreated were downgraded compared to the PA. Some of the genes, such as 342, were restored due to HK4,
which derived from lipotoxicity. The full summary can be seen in Figure 2 below.
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Figure 2: Workflow and overview of the number of genes in untreated, palmitate (PA) or PA + HK4-treated HepG2 cells. After 7 h
treatment with 200 yM PA and 10 uM HK4, RNA has been isolated from five independent HepG2 cell lysates per treatment group and
3'-mRNA sequencing has been performed with lllumina NextSeq550 system. Thick arrows indicate up or downregulated genes in the first
treatment group of the comparison. Differential expression (DE) of genes have been filtered by p-value <0.05 and an absolute value of fold
change (|FC|) > 1.5
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Regarding how HK4 affects the gene expression pathway, some pathways were chosen to illustrate its role, including
mitochondrial respiration, protein ubiquitination, apoptosis, and cell cycle.
The table below highlights the upregulation or downregulation of gene changes when treated with PA+HK4 compared to PA.

Table 1: Upregulation or downregulation of gene changes when treated with PA+HK4 compared to PA.

Pathway Genes Up or Down regulated in PA+HK4 compared to PA

Mitochondrial respiration and Oxidative phosphorylation 14 genes were Upregulated
1 gene (ATP6VOA1) Downregulated

Protein ubiquitination 3 genes Downregulated (PELI3, ATG7 and DNAJC4)
Apoptosis 9 genes were Upregulated (TNFRSF10B, STEAP3, SIAH1, CTSC, BCL2L11, LMNB2, NRAS,
DDIAS, DFFB)

5 genes were Downregulated (HRAS, BAX, TP73 and FASTK).

Cell Cycle 11 genes were Upregulated (CDCA7, CDC26 and CDC45), CDK7, CHEK2, MCM2 and ORC5
2 genes were Downregulated (CDKN1C, FZR1)
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Figure 3: Enriched pathways of 456 differentially expressed genes in untreated or PA + HK4-treated HepG2 cells compared to PA-treated
cells. The length of the bars is proportional to the significance of the association between the set of genes and the pathway, expressed by
the negative logarithm of the p-value. Only pathways with p < 0.05 (dotted threshold line) are shown. Upregulated pathways in untreated
or PA + HK4-treated cells associated with a positive z-score are colored in orange, downregulated pathway with a negative z-score is shown
in blue and pathways with no change or an unknown pattern are marked in white or grey. Selected canonical pathways which are
subsequently considered in more detail are highlighted in red.
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Results and Discussion

The RNA analysis showed us changes in genes and cell functionality as HK4 preincubation resulted in the prevention of
palmitate-induced dysregulation by restoring the initial gene expression pattern of untreated hepatocytes, which affects
metabolic pathways such as lipid metabolism, oxidative phosphorylation, apoptosis, oxidative and ER stress.

Conclusion

Our findings suggest that positive allosteric modulation of GABAA receptors may have therapeutic potential for treating
NAFLD through HK4 targeting and minimizing hepatocellular injury under a lipotoxic stimulus such as PA. The InnuPure C16
automated nucleic acid extraction system provided a rapid and efficient method for extracting high-quality RNA for gene
expression analysis. This technology can study the mechanism of action of potential therapeutic targets for NAFLD and other
liver disorders.

Data availability
The datasets presented in this study can be found in online repositories. The names of the repository/repositories and
accession number(s) can be found below: https://www.ncbi.nlm.nih.gov/, PRJNA902305.
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