Introduction

Substance use disorders represent a rapidly escalating global health
crisis, with several studies continuously reporting alarming increases
across diverse populations. In Los Angeles County alone, 7.6% of
residents aged 12 and older suffer from chronic substance addiction,
reflecting a broader national trend that contributes to rising rates of
hospitalization and premature mortality. Despite the prevalence of
this issue, existing interventions like behavioral therapies anad
oharmacological agents often have limited efficacy and high relapse
rates. New molecular treatments of substance abuse focus on
targeting specific proteins involved with addiction and silencing its
MRNA expression before translation through short interfering RNA
(SIRNA) therapeutics. The epigenetic enzyme, G9a (encoded by
EHMT2 mRNA), is responsible for the regulation of various
dopamine-releasing brain circuits associated with substance
consumption. This regulation occurs through G9a's methylation of
histone H3 at lysine 9 within the adult nucleus accumbens (NAc),
stimulating a positive-feedback loop and triggering the urge for
greater substance consumption when G9a is in excess.

Methodolog

Our team used Gibson Assembly to design a a )
bacterial plasmid with the insertion of the

EHMT2 gene, mimicking addiction through the SiIRNA
stimulated overexpression of G9a. Gel

electrophoresis was run to confirm successful \_ .
cuts of the plasmid were made. This plasmid

was then chemically transfected into the

mammalian cell line HEK-293 by pairing

olasmids with Lipofectamine 2000. Following /~ I
the central dogma of gene expression, our
team hypothesized that siRNA could be used Lipofectamine
to lower G9a concentrations by silencing G9a's

EHMT2 mRNA. In these transformed cells, we _ )
tested for optimal concentrations of EHMT?2
sIRNA when paired with Lipofectamine
RNAIMAX (a transfection reagent used to

deliver siRNA), EHMT2 siRNA's efficacy in . N
silencing MRNA, and the effect of varying cell
HEK-293

concentrations in relation to the amount of
EHMT2 mRNA silenced.
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HEK-293 cell concentration per well (0.5 x 1015, 1.0 x 1075, and 2.0 x 10A5 cells in a
96-well plate) versus gPCR Cqg values on Transfection Days 3 and 4. Cells were
treated with 2.5, 5, or 10 nmol siRNA. Lower Cg values indicate stronger target
knockdown, while higher Cqg values suggest reduced siRNA efficiency. Variations
across siRNA dose and cell density highlight the influence of transfection
conditions on gene silencing.

Result
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SiIRNA concentration (2.5, 5, and 10 nmol) versus gPCR Cqg values in HEK-293 cells
transfected at different cell densities (0.5 x 1015, 1.0 x 1045, and 2.0 x 1015 cells per well)
on Transfection Days 3 and 4. Lower Cg values indicate stronger gene silencing, while
higher Cqg values suggest reduced siRNA efficacy. The data illustrate how both siRNA
dosage and cell concentration influence transfection efficiency across time points.

We reported that siRNA can successfully be utilized to decrease EHMT2 mRNA concentrations when in excess, preventing the onset of G9a
overproliferation and dopamine-stimulated alcohol consumption. In our in vitro assay of siRNA paired with Lipofectamine encapsulation,

transfection into HEK-293 mammalian cells resulted in decreased levels of EHMT2 mRNA production throughout the first week of observations.

Compared to positive control blank wells where no siRNA was added, wells with siRNA added consistently had more gene silencing. Peak
efficacy was then observed on days three and four, indicated with higher guantitative Polymerase Chain Reaction (QPCR) quantification cycle

(Cq) values. We noted that increasing concentrations of siRNA greater than 2.5 nmol did not significantly impact the silencing of EHMT2 mRNA,

suggesting a saturation point of Lipofectamine for EHMT2's siRNA to be lower than the typical 3.0-5.0 nmol amount of siRNA used in 300 ulL of
Lipofectamine. Moreover, there was no effect on G9a silencing when comparing the cell concentrations of 0.5 x 1045, 1.0 x 1015, 2.0 x 10A5 cells

per well, disproving our previous notion that EHMT2's siRNA efficacy is dependent on the amount of EHMT2 mMRNA present. Using these results,

we believe that for future clinical use, a siIRNA therapeutic administered through a lipid nanoparticle delivery system would shield the siRNA
from degradation in the body for effective silencing of EHMT2. This would establish a viable therapeutic option for treating substance abuse by
silencing EHMT2 mRNA and down-regulating excessive G9a expression. Further confirmation of G9a's protein concentration is required
through the means of western blotting, and future studies should consider modifying the lipid nanoparticle delivery system to successfully

reach the demethylation site of NAC.

Future Directions

e Transcriptome-wide off-target profiling via RNA-seq to
detect unintended gene silencing.

e Assess innate immune activation (TLR3/7, cytokines)
following siRNA-Lipofectamine exposure.

e Compare chemical siRNA modifications (2'-OMe, 2'-F,
phosphorothioates) for stability and potency.
Add endosomal-escape enhancers; guantify cytosolic
delivery versus lysosomal sequestration.

e Test patient-derived iPSC dopaminergic neurons to verity
target engagement and translatability.

e Map H3K9OMe2 landscape changes by ChiP-seq; evaluate
durability and reversibility post-washout.

e Benchmark Lipofectamine against clinical-grade LNPs and
exosomes for CNS delivery.
Engineer ligand-targeted carriers (transferrin/apoE
peptides) to cross BBB and home to NAcC.

e Build PK/PD models: siRNA half-life, knockdown kinetics,
and optimal redosing intervals.

e Run comprehensive tox panels—hepatic, renal,
neurobehavioral—under repeated-dose regimens.
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