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: Non-alcoholic fatty liver disease (NAFLD) is associated with
metabolic disorders that disrupt lipid and cholesterol metabolism due to the
accumulation of saturated fatty acids, such as palmitate. This study investigates the
effects of palmitate on lipid droplet accumulation and the expression of genes
involved in reverse cholesterol transport (RCT) in HepG2 liver cells.

: HepG2 cells were cultured under standard conditions.
Lipid droplet accumulation was assessed using Oil Red O staining. Cellular
cholesterol and triglyceride levels were measured using standard Kits, and gene
expression changes for ABCAL and ABCG (ATP-Binding Cassette Transporter Al
and G1, respectively), APO-A1 (Apolipoprotein Al), SR-BI (Scavenger Receptor
Class B Type I), and LXR (Liver X Receptor) were evaluated by RT-qPCR.

: Treatment of HepG2 cells with palmitate resulted in a significant increase
in lipid droplet accumulation, which inversely correlated with cell viability
(P<0.0001). Cholesterol and triglyceride levels also significantly increased
following palmitate treatment compared to the control group (P<0.05). Additionally,
palmitate decreased the expression of ABCAL and SR-BI (P < 0.05) while increasing
the expression of ABCG1 (P < 0.05). No significant changes were observed in the
expression of APOAL and LXR (P > 0.05).

: Palmitate disrupts reverse cholesterol transport by downregulating
ABCAl and SR-BI expression, leading to lipid accumulation and elevated
intracellular cholesterol and triglyceride levels. The upregulation of ABCGL1 as a
compensatory response does not adequately counter these disruptions. These
findings suggest that palmitate, through its effects on metabolic and inflammatory
pathways, contributes to disturbances in lipid homeostasis and associated metabolic
disorders.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the
most prevalent liver disorder associated with
metabolic disturbances, including obesity, type 2
diabetes, hypercholesterolemia, hypertension, and
metabolic syndrome. The incidence of NAFLD is
rising alongside increasing obesity rates worldwide,
currently affecting approximately 25-30% of the
global population. Saturated fatty acids, particularly
palmitate, play a crucial role in the progression of
NAFLD by inducing lipid droplet formation,
oxidative stress, and inflammation in hepatic cells.
Palmitate, primarily found in palm oil and animal
fats, promotes triglyceride synthesis while inhibiting
fatty acid oxidation, leading to excessive lipid
accumulation in hepatocytes.  Additionally,
palmitate contributes to hypercholesterolemia by
increasing the production of very low-density
lipoprotein (VLDL) in the liver, raising low-density
lipoprotein  (LDL) levels. Another potential
mechanism involves the disruption of reverse
cholesterol transport, which facilitates the removal
of excess cholesterol from peripheral tissues to the
liver for excretion. Key proteins involved in reverse
cholesterol transport, such as ABCAL, ABCG,
APO-Al, and SR-BI, facilitate the transfer of
cholesterol to high-density lipoprotein (HDL). Liver
X receptor (LXR) regulates the expression of these
genes in response to elevated cholesterol levels. This
study aims to investigate the effect of palmitic acid
on lipid droplet formation in HepG2 cells and
explore its relationship with genes involved in
reverse cholesterol transport.

Methodology

o Cell Culture: HepG2 cells were obtained from
the Iranian Cell Bank and cultured in DMEM F-
12 medium supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin
under standard conditions (37°C, 5% CQO2, 95%
humidity).

e Determination of  Optimal Palmitate
Concentration: The cytotoxicity and cell
viability of various concentrations of palmitate
(0.4-1.8 uM) were assessed using the MTT assay.
Cells were incubated for 24 and 48 hours, and
viability was evaluated by measuring absorbance
at 570 nm after MTT conversion to formazan
crystals.

e Oil Red O Staining: Lipid droplet formation in
palmitate-treated HepG2 cells was visualized
using Oil Red O staining, following cell fixation
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and washing. Lipid droplets appeared as red
droplets within the cytoplasm and were observed
under an inverted microscope.

e Cholesterol and Triglyceride Measurement:
Lipid content was quantified by lysing Palmitate-
treated HepG2 cells using NP40 buffer, followed
by centrifugation to separate cellular extracts.
Cholesterol and triglyceride levels were measured
using commercial kits.

e Gene Expression Analysis: RT-gPCR was
used to assess the expression levels of genes
involved in reverse cholesterol transport
(ABCA1, ABCG1, SR-BI, LXR, Apo-Al) in
palmitate-treated cells. Gene expression was
normalized to TBP(TATA-Binding Protein) as
the internal control, and relative expression was
calculated using the 222" method.

Statistical Analysis: Data were analyzed using
GraphPad Prism 9, applying one-way ANOVA or
Student's t-test for comparisons. A p-value of
<0.05 was considered statistically significant.

Results

e Optimal Palmitate Dose for HepG2 Cell
Steatosis:  The ICsp  (50%  inhibitory
concentration) of palmitate was determined using
the MTT assay, showing no significant difference
between 24-hour and 48-hour incubation periods.
The optimal dose (ICso = 0.8 uM) was selected for
subsequent experiments.

e Lipid Droplet Formation: Microscopic images
revealed increased lipid droplet accumulation in
palmitate-treated HepG2 cells at various
concentrations, with a significant inverse
correlation between cell viability and lipid droplet
content. Higher palmitate concentrations led to
greater lipid droplet formation and reduced cell

viability.
e Cholesterol and  Triglyceride Levels:
Palmitate treatment significantly elevated

intracellular cholesterol and triglyceride levels
compared to untreated control cells, indicating
enhanced lipid accumulation.

e Gene Expression Changes in Reverse
Cholesterol Transport Pathways: palmitate
treatment significantly reduced the expression of
ABCA1l and SR-BI, while increasing ABCG1
expression (P< 0.05). No significant changes were
observed in the expression of LXR and Apo-Al
(P>0.05).



Palmitate's Impact on Reverse Cholesterol Transport Gene Expression...

Discussion

This study explored the effects of palmitate
on cell viability, lipid droplet formation, and the
expression of key genes involved in reverse
cholesterol transport in HepG2 cells. The results
demonstrated that palmitate treatment led to a
significant increase in lipid accumulation, as
evidenced by Oil Red O staining and elevated
cholesterol and triglyceride levels. Gene
expression revealed that palmitate
downregulated the expression of ABCA1l and
SR-BI, which are critical for the early and late
stages of reverse cholesterol transport,
respectively. Conversely, palmitate upregulated
the expression of ABCG1, a protein involved in
the final step of cholesterol transfer to mature
HDL particles. These findings suggest that
palmitate disrupts the normal function of reverse
cholesterol transport by impairing cholesterol
efflux pathways, potentially contributing to lipid
retention in hepatocytes.

Interestingly, while a reduction in ABCA1
and SR-BI expression suggests a negative impact
on cholesterol efflux, the compensatory increase
in ABCG1 expression may represent an attempt
to restore cholesterol homeostasis. However, this
compensatory mechanism appears insufficient to
counterbalance the dysregulation caused by the
downregulation of ABCAL1l and SR-BI. This
disruption in reverse cholesterol transport likely
leads to the accumulation of intracellular
cholesterol, promoting the formation of lipid
droplets and contributing to hepatic steatosis.
Previous studies have also reported similar
findings, indicating that palmitate interferes with
the expression and function of ABCAL, leading
to impaired cholesterol transport in hepatocytes.

Furthermore, despite the reduced expression
of ABCAl and SR-BI, palmitate did not
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significantly alter the expression of Apo-Al, a
key protein involved in HDL formation. This
discrepancy may arise from  different
experimental conditions, as previous studies
have shown varying effects of palmitate on
APOA1 expression, potentially influenced by
factors such as treatment duration, concentration,
or cellular models.

Conclusion

The study highlights the complex effects of
palmitate on cholesterol homeostasis and lipid
metabolism, demonstrating that the disruption of
reverse cholesterol transport can exacerbate lipid
accumulation in the liver and contribute to the
development of metabolic disorders like NAFLD.
Although ABCG1 expression increases in response
to palmitate, this compensatory mechanism is
unlikely to fully counterbalance the impaired
cholesterol transport caused by reduced ABCAL and
SR-BI expression. These findings underscore the
importance of maintaining proper cholesterol efflux
to prevent lipid retention and associated metabolic
dysfunctions. Further investigations are warranted to
elucidate the mechanisms underlying palmitate-
induced dysregulation of cholesterol transport and
explore potential therapeutic interventions targeting
these pathways.
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